
Department of Geosciences 

University of Fribourg (Switzerland) 

 

 

 

Fossil Reptiles from the Aegean Region 

 

THESIS 

presented to the Faculty of Science of the University of Fribourg (Switzerland)  

in consideration for the award of the academic grade of Doctor Rerum  

Naturalium 

by 

 

Georgios L. Georgalis 

from 

Thessaloniki, Greece 

 

cotutelle with the University of Turin (Italy) 

 

 

 

Thesis N
o 

UniPrint 

2018 



Accepted by the Faculty of Science of the University of Fribourg (Switzerland) upon the 

recommendation of  

 

Prof. Walter Joyce  University of Fribourg  Thesis supervisor 

Prof. Massimo Delfino University of Turin   Thesis supervisor 

Dr. Krister Smith  Senckenberg Research Institute  External reviewer 

and Natural History Museum Frankfurt 

Dr. Márton Rabi  University of Tübingen  External reviewer 

 

Fribourg, 20/04/2018 

 

 

Thesis supervisor        Dean 

 

 

 

Prof. Walter Joyce       Prof. Christian Bochet 

 

 



1 
 

Table of Contents 

Summary 2 

Introduction 3 

List of Appendices (Enclosed Publications) 74 

Acknowledgements 76 

Curriculum Vitae 78 

Appendix I 83 

Appendix II 84 

Appendix III 91 

Appendix 1  

Appendix 2  

Appendix 3  

Appendix 4  

Appendix 5  

Appendix 6  

Appendix 7  

Appendix 8  

Appendix 9  

Appendix 10  

Appendix 11  

  



2 
 

Summary 

Although fossil reptiles can offer valuable insights into several fields of the geosciences and 

biological sciences, the palaeoherpetofaunas of many regions remain virtually unexplored. 

The Aegean Region (comprised of Greece and western and central Turkey) is one of these 

areas, although it is situated at a geographic meeting point, at the boundaries of southeastern 

Europe with southwestern Asia and Africa. Fossil reptiles from the area were first described 

during the 1850’s and important discoveries were subsequently made during the course of the 

19th and 20th centuries. The history of discoveries of fossil reptiles from the Aegean Region 

is herein presented in detail. All previously named taxa are revised and their taxonomic status 

is evaluated. New finds from several Neogene and Quaternary localities from Greece and 

Turkey are described. Some reptile clades are recorded for the first time from the region, 

whereas the geographic and stratigraphic distributions of others significantly expanded. Fossil 

reptiles from the area provide important implications into biogeography and biostratigraphy, 

the evolution of modern taxa, taxonomy, faunal turnover and extinction, and 

palaeoenvironmental reconstructions. 

 

Zusammenfassung 
Obwohlfossile Reptilien wertvolle Einblicke in mehrere Teilbereiche der Geowissenschaften 

und Biowissenschaften bieten können, verbleibenviele paläoherpetologische Faunen noch 

unerforscht. Die Ägäisregion (bestehend aus Griechenland und der West- und der 

Zentraltürkei) ist einer dieser Gebiete, obwohl sie an einem geografischen Treffpunkt liegt, an 

den Grenzen Südosteuropas mit Südwestasien und Afrika. Fossile Reptilien aus dieser 

Gegend wurden erstmals in den 1850er Jahren beschrieben und einige wichtige Entdeckungen 

wurden seitdem im Laufe des 19. und 20. Jahrhunderts gemacht. Die Entdeckungsgeschichte 

der fossilen Reptilien aus der Ägäis wird hier detailliert dargestellt. Alle zuvor benannten 

Taxa werden überarbeitet und ihr taxonomischer Status wird ausgewertet. Neue Funde aus 

mehreren neogenen und quartären Fundorten aus Griechenland und der Türkei werden 

beschrieben. Diverse neue Reptiliengruppen werdenzuersten Mal in der Region dokumentiert 

und die geographischen und stratigraphischen anderer Gruppen signifikant erweitert. Fossile 

Reptilien aus der Region liefern wichtige Hinweise für die Biogeographie und 

Biostratigraphie, die Evolution moderner Taxa, Taxonomie, Faunenwechsel und -sterben 

sowie Paläoumwelt-Rekonstruktionen.  
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Introduction 
 

“Yet, as the strange and gigantic Reptiles that have been restored, and, as it were, called again to life, 

from times vastly more ancient, realise in some measure the fabulous dragons of mediaeval romance” 

(Richard Owen 1850:68). 

 

General Background 

Besides the obvious attraction to palaeoherpetologists and many times also to the general 

audience, fossil reptile remains have long played an important role in understanding and 

estimating various geological phenomena, geographical transformations, ecological and 

palaeoenvironmental perturbations, stratigraphic correlations, biogeographic origins, and, of 

course, the evolution, and origin of extant taxa. In fact, certain cases of what appear to 

constitute “common knowledge” in geology were envisaged and supported by fossil reptile 

finds. Among the most characteristic of these cases is the identification of continental drift, as 

strong evidence for this phenomenon was first provided by the recovery of fossil finds of the 

Permian reptile Mesosaurus tenuidens Gervais, 1864–1866 in coeval strata in southern Africa 

and South America (Wegener 1912). The geological importance of fossil reptiles is also 

supported by the fact that many genera and species are known to pertain solely to specific 

time intervals, with their fossils often denoting more accurate ages than coeval and syntopic 

mammal taxa. As such, they are quintessential for biostratigraphy and on many occasions, the 

only means for deciphering exact geological ages, providing, however, that their alpha-level 

taxonomy has already been well resolved (e.g., Hutchison 1980; Rage 1983; Schleich 1985; 

Rage and Szyndlar 1986). Additionally, presence of related or even congeneric reptile taxa 

across different continents can imply the existence of land corridors which enabled dispersals 

of animals from one land mass to the other, providing thus important clues for 

palaeogeographic reconstruction through time. For example, the identification of closely 

related reptile taxa in the Paleogene of both North America and Western Europe provides 

substantial evidence for the emergence of a land corridor(s) and subsequent dispersal events 

between the two land masses, as this has been independently suggested on the basis of distant 

groups, such as pan-trionychids (Georgalis and Joyce 2017 [Appendix 1]), glyptosaurines 

(Sullivan 1979; Augé 2005), iguanids (Smith 2009), varanids (Augé 2005; Rage 2013), and 

amphisbaenians (Augé 2012). All such data extracted from reptile finds are crucial for the 

comprehension of the biogeographic origins of extant clades. The ability of certain terrestrial 

reptile groups to survive marine transport over large distances and eventually disperse and 

colonize islands has yielded insight for the evolution of modern insular faunas (e.g., Pregill 

and Steadman 2004; Zug et al. 2011). Moreover, the ectothermic nature and physiology of 

most reptiles render several clades as rather accurate and reliable indicators of palaeoclimatic 

reconstructions and this fact has been applied to estimate palaeotemperatures (e.g., Böhme 

2003, 2010; Head et al. 2009; Blain et al. 2014). Ecological alterations, faunal turnovers, and 

extinction events, such as the K/Pg extinction event that wiped out the dinosaurs, have been 

also supported by fossil reptile finds (e.g., Lyson et al. 2011; Longrich et al. 2012). Study of 

fossil reptiles also enhances the understanding of palaeoecological and palaeoenvironmental 

responses of faunal ecosystems after severe extinction events. Characteristically, the so called 

“Grande Coupure,” an extinction event that took place at the Eocene/Oligocene transition and 

long suggested to have extirpated several mammal clades (Stehlin 1909; Hooker et al. 2004), 

is now known to have had a significantly different impact on reptiles (Rage 1984a, 2006, 

2013; Augé 2005), challenging the severity of that event on each clade and the explanations 

around its mechanisms (Augé and Smith 2009). Additionally, estimation of divergence dates 

of extant reptile clades can only be safely calibrated through fossil specimens attributed to the 

respective groups (e.g., Joyce et al. 2013; Head 2015; Head et al. 2016). Finally, in the case of 
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the medicinally important venomous reptiles, such as elapid and viperid snakes, their 

identification in the fossil record, and especially of their venom delivery apparatus (i.e., 

maxillary) can imply significant clues about the evolution of this predatory strategy (Kuch et 

al. 2006). 

 Despite this obvious importance of fossil reptiles for evolutionary studies, many gaps 

still exist. Among “terrae incognitae” for fossil reptiles, is the Aegean region. For simplicity 

and convenience purposes, the Aegean region is herein defined as being comprised of Greece, 

European part of Turkey, and western and central Anatolia in Turkey (Figure 1). Therefore,  

 

 
Figure 1. Map of the Aegean region, indicating the localities that have yielded fossil reptiles. See 

Appendix II for ages and reptile taxa of all localities. Pentagones represent Oligocene, triangles 

Miocene, squares Pliocene, and circles Quaternary localities. The locality of Korydallos, near Athens, 

is omitted as its age is not determined. 

 

as this region does not encompass the whole of Anatolia, but only the western and central 

parts of that peninsula, important finds such as a booid snake from the Oligo-Miocene of 

eastern Anatolia (Szyndlar and Hoşgör 2012) are here not taken into consideration. The same 

applies also for certain important reptile finds from the southern Balkans that originate from 

the adjacent countries northern of Greece and Turkey. These include the types of the pan-

trionychid turtle Trionyx capellinii bulgaricus Khosatzky et al., 1983 from the late Eocene of 

Bulgaria, the crocodylian Diplocynodon levantinicum Huene and Nikoloff, 1963 from the 

Miocene or Pliocene of Bulgaria, and the pan-testudinoid turtle Temnoclemmys mazedonica 

Pašić and Klinčarski, 1959, from the late Eocene of the Former Yugoslav Republic of 

Macedonia. Furthermore, there are also few, sporadic, but nevertheless important Mesozoic 

records of reptiles from Turkey, that lie geographically within the herein studied area, but 

considering that the all other material in this paper are of post-Eocene age, they will thus not 

be taken into further consideration. These include a mosasaurid from the Late Cretaceous of 

Beyler Dam, near Kastamonu in central Anatolia (Bardet and Tunoğlu 2002), fragments of a 

phytosaur from the Triassic of the Lycian Taurus in southern Anatolia (Buffetaut et al. 1988), 
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and the newly described crocodyliform Turcosuchus okani Jouve et al., 2017, from the early 

Cretaceous of Zonguldak near the Black Sea. In total, 85 localities from the Aegean region 

have so far yielded fossil reptile remains (see Appendix II for full details about their names, 

exact ages, and taxa). Few of these localities are of Oligocene age and the rest pertain to the 

Miocene, Pliocene, and Quaternary, with the Miocene ones representing the vast majority 

(Figure 2). Note that I am taking into consideration only material that has been formally 

published and includes descriptions, figures, or at least precise repository numbers. 

Preliminary mentions without any descriptions or figures that can be reevaluated, as well as 

abstracts, unpublished theses, or reports are herein omitted. 

  

 
Figure 2. Pie chart indicating the numbers of fossil reptile bearing localities from the Aegean region 

per age. The locality of Korydallos and the unknown type locality of Testudo sloanei are not included 

in the graph, as their ages are not accurately known. 
 

Abbreviations: AMNH, American Museum of Natural History, New York, USA; 

AMPG; Athens Museum of Palaeontology and Geology, University of Athens, Athens, 

Greece; BSPG, Bayerische Staatssammlung für Paläontologie und historische Geologie, 

Munich, Germany; GR, Greece; IPUW, Institut für Paläontologie, University of Vienna, 

Vienna, Austria; LGPUT, Laboratory of Geology and Palaeontology, University of 

Thessaloniki, Thessaloniki, Greece; Ma, million years ago; MN, Mammifères Neogène 

(standard level zone); MNHN, Muséum national d’Histoire naturelle, Paris, France; MP, 

Mammifères Paléogène (standard level zone); NHMUK, Natural History Museum, London, 

United Kingdom;  NHMW, Naturhistorisches Museum Wien, Vienna, Austria; NMP, 

Nostimo Museum of Palaeontology, Nostimo Kastorias, Greece; TR, Turkey. 
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Palaeogeographic reconstruction of the Aegean region throughout the Cenozoic 

The Aegean region, situated at the boundaries of southeastern Europe with southwestern Asia 

and Africa, is a geographically complex and constantly changing area with new emerging 

landmasses, sea level fluctuations, and island formations (Figure 3). The exact 

palaeogeography of the Aegean region is rather poorly known for the Paleogene, with 

different suggestions and reconstructions proposed in different studies (e.g., Dermitzakis and 

Papanikolaou 1981; Rögl 1999; Meulenkamp and Sissingh 2003; Popov et al. 2004; Tranos et 

al. 2010; Kilias et al. 2013), especially for the earlier parts of this epoch. Paleocene and early 

Eocene fossil vertebrates from the region are rather poorly known (Sen 2013). A relatively 

clearer, though still inadequate, view emerges for the middle Eocene, where it seems that a 

large part of Anatolia was an isolated island (the Anatolian Land; Popov et al. 2004), as is 

supported by insular mammal faunas from Central Anatolia (Maas et al. 2001; Maaga and 

Beck 2017). During the middle and late Eocene, the southeastern Balkans were part of 

another large island, the Rhodope High (Popov et al. 2004), a fact demonstrated by geological 

data (Zagorchev 1998) and large mammal finds from northeastern Greece (Métais and Sen 

2017). This situation is also concordant with the Eocene palaeogeography of the rest of 

Europe, which at that time consisted also an Archipelago of large and small islands (Rögl 

1999). Also, the Mesohellenic Trough occuring in northwestern Greece from the middle 

Eocene up to the middle Miocene (Kilias et al. 2013) provided additional evidence for the 

existence of another emerging landmass in the area, the so called Pindos Cordillera 

(Dermitzakis and Papanikolaou 1981; Tranos et al. 2010), though its possible connection(s) 

with the Rhodope High is not known. In any case, possible land connections that may have 

appeared between the Eocene islands of Anatolia and Rhodope are difficult to evaluate on the 

basis of current evidence (Métais and Sen 2017). During the Oligocene, large parts of Europe 

and Western Asia were covered by the epicontinental Paratethys sea (Rögl 1999). 

Fluctuations in the sea levels of the Paratethys and the Western Tethys across the Oligocene 

drastically altered the shape, landscape, and overall geography of the southern Balkan and 

western Anatolian land masses. However, the scarceness of geological studies and fossil 

remains hinder an exact comprehension of Oligocene land masses in the Aegean region 

(Popov et al. 2004). The palaeogeographical understanding of the region appears significantly 

better for the Neogene. During the early Miocene, a large and continuous landmass, called 

Ägäis, was present, spanning from western Greece to Anatolia (Lymberakis and Poulakakis 

2010) (Figure 3). Ägäis was in fact only part of a vast land corridor, which ranged from 

Central Europe to Anatolia (Meulenkamp and Sissingh 2003). The emergence of Ägäis was 

likely the result of a combination of the movements of the African plate and the Anatolian 

subplate, along with intense tectonic and volcanic activity (Lymberakis and Poulakakis 2010; 

Poulakakis et al. 2015). Ägäis persisted in the area also during the middle Miocene, although 

achieving a relatively smaller surface, especially at its Anatolian part. By the late middle 

Miocene (Serravallian), a sea barrier, known as the mid-Aegean Trench, began to gradually 

split the formerly continuous landmass of Ägäis (Dermitzakis and Papanikolaou 1981; 

Lymberakis and Poulakakis 2010; Poulakakis et al. 2015). The mid-Aegean Trench 

commenced at around 12 Ma, with a breakage at the southern edge of Ägäis, between Crete 

and the area of modern Kasos and Karpathos islands, resulting into the full isolation of Crete. 

The so-called Tortonian Transgression (11–9 Ma) divided the Aegean region into two (eastern 

and western) parts (Rogl 1999; Lymberakis and Poulakakis 2010; Poulakakis et al. 2015). 

However, during the end phase of the Messinian Salinity Crisis event, which occurred  
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Figure 3. Palaeogeographic reconstructions of the Aegean Region during the Neogene and 

Quaternary. Maps adapted from Lymberakis and Poulakakis (2010). Dark grey and light grey colours 

indicate landmass and sea respectively, white colour indicates lakes. 

 

at the latest Miocene, around 5.96–5.33 Ma, the Mediterranean Sea was dried up significantly 

due to the closure of the Gibraltar Straights at the west and its isolation from the Atlantic 

Ocean (Hsü 1972; Krijgsman et al. 1999). As such, several areas in the Aegean region that 

formerly formed a marine environment, were now transformed into extensive saline deserts 

interspersed with saline/hypersaline lakes (Poulakakis et al. 2015). At that time, Crete 

temporarily lost its isolation and insular nature by being united to southern mainland Greece. 

However, the reopening of the Gibraltar straights by the end of the Messinian Salinity Crisis, 

refilled the Mediterranean with water and permanently isolated Crete from the mainland, a 

situation persisting until today (Lymberakis and Poulakakis 2010; Poulakakis et al. 2015). 

During the Pliocene, the rising sea levels submerged several parts of Greece under water, 

including parts of the Peloponnese, Kythira Island, and most of Crete, whereas the Cyclades 

Islands were still forming a single landmass which was probably united with the mainland. 

Kasos and Karpathos were now isolated from Rhodes and Asia Minor (Lymberakis and 

Poulakakis 2010). During the culmination of the Pleistocene Glacial events, sea level fell by 

around 200 m (Beerli et al. 1996). Several of the Cyclades Islands were still united together 

with each other and many of the eastern Aegean Islands were still united with Asia Minor. 

Indeed, many of the Aegean Islands were only isolated from each other or adjacent mainland 

during the latest Pleistocene or even later (Sfenthourakis and Triantis 2017). The recent 

geographic image of the region is therefore extremely young. 

 

History of discoveries 

The first description of fossil reptiles from the Aegean region dates back to the middle of the 

19th century, with the original publication of the large snake Laophis crotaloides from the 

Pliocene of vicinity of Thessaloniki (Central Macedonia) by Owen (1857). Other scarce, but 

nevertheless important discoveries were subsequently made during the course of the 19th 
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centrury, including the establishment of new “key” taxa (Gaudry 1862a, 1862–1867; Römer 

1870; Weithofer 1888) (Figure 4). The situation was similar at the beginning of the 20th 

century, with few palaeoherpetological studies conducted in the area, though still important 

finds were described (e.g., Arambourg and Piveteau 1929; Szalai 1931). The second half of 

the 20th century witnessed a larger number of publications focusing on fossil reptiles from the 

Aegean region, however, the majority of the described material was rather fragmentary or 

only poorly documented (Paraskevaidis 1955; Bachmayer 1967; Bachmayer and Symeonidis 

1970, 1976; Schneider 1975; Rage and Sen 1976; Szyndlar and Zerova 1990; Szyndlar 1995).    

 

 
Figure 4. Number of publications describing and/or dealing with fossil reptiles from the Aegean 

region (1857–today) per decade. See Appendix I for a complete list of the papers. 

 

The situation contrasts with the beginning of the 21st century. While there are only three 

studies on fossil reptiles from the region between 2001 and 2010 (Lapparent de Broin 2002; 

Lyras and Van der Geer 2007; Staesche et al. 2007), this number drastically increased since 

2011 until today (Mueller-Töwe et al. 2011; Tsoukala et al. 2011; Conrad et al. 2012; 

Georgalis et al. 2013; Georgalis and Kear 2013; Vlachos and Tsoukala 2014, 2016; Vlachos 

et al. 2014, 2015a, 2015b; Hoek Ostende et al. 2015; Garcia et al. 2016; Georgalis et al. 2016a 

[Appendix 4], 2016b [Appendix 5], 2016c [Appendix 6], 2017a [Appendix 7], 2017b 

[Appendix 8], 2018a [Appendix 9], 2018b [Appendix 10], 2018c [Appendix 11]; Vlachos 

and Delfino 2016; Čerňanský et al. 2017; Sen et al. 2017; Vasileiadou et al. 2017), leading to 

a much better understanding of fossil Aegean herpetofaunas and their taxonomic diversity. 

 

Turtles 

Gaudry (1862a, 1862b, 1862–1867) made the first fossil turtle contribution from the Aegean 

region by describing and figuring his new testudinid species Testudo marmorum Gaudry, 

1862a from the late Miocene of Pikermi, near Athens. Calvert and Neumayr (1880) 

mentioned the presence of Emys and Trionyx from the Neogene of the Hellespont (= 

Dardanelles) without, however, providing any figure or other information. Lydekker (1889) 

established his new taxon Testudo sloanei on the basis of an incomplete shell from Turkey, 

however, he neither provided figures of the material nor exact locality data. Woodward (1901) 
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reported the presence of giant testudinid remains from Pikermi, but once again failed to 

provide figures or any further information that could verify his claim. Campana (1917, 1919) 

described a testudinid from the Neogene of Thessaloniki, which he referred to the Italian 

species Testudo amiatae Pantanelli, 1893, and also eggs that he assigned to a giant tortoise. 

Arambourg and Piveteau (1929) described testudinid remains from the Neogene of the 

Thessaloniki area. Among their finds, remains of a giant tortoise, including a relatively well 

preserved cranium, for which Arambourg and Piveteau (1929) suggested possible affinities 

with the French taxon Testudo perpiniana Depéret, 1885, and additionally a second, smaller 

form, which was though never figured. Taking the giant tortoise research one step further, 

Szalai (1931) described a gigantic tortoise from late Miocene (formerly thought to be 

Pliocene) of Samos Island, represented by a relatively complete cranium and a femur. In order 

to accommodate these specimens, he established the new species Testudo schafferi Szalai, 

1931. Malik and Nafiz (1933) described an aquatic turtle, a small testudinid with affinities 

with Testudo marmorum, and a giant testudinid from the late Miocene of Kücükçekmece, in 

the European part of Turkey. Paraskevaidis (1955) described two testudinid specimens from 

the middle Miocene of Chios Island, whereas the same author later reported the presence of 

the same clade in indeterminate “Tertiary’ sediments near Athens (Paraskevaidis 1961). 

Rückert-Ülkümen (1963) described fragmentary remains of a pan-trionychid from the 

Miocene of western Turkey, soon after followed by Lebküchner (1974) who described 

additional fragmentary material from the same clade in the Oligocene of the same region. 

Melentis (1966) documented the presence of a geoemydid in the Pleistocene of Megalopolis 

(Peloponnese). Bachmayer (1967) confirmed the presence of giant tortoises from Pikermi, by 

describing fragmentary remains that he attributed to Testudo cf. schafferi. Bachmayer and 

Symeonidis (1970) described additional finds of Testudo marmorum from its type locality, 

Pikermi and additionally referred another specimen from the late Miocene or Pliocene of 

Thessaloniki to Testudo amiatae. The same authors, a few years later, suggested the presence 

of Testudo marginata Schoepff, 1792, from Tilos Island (Bachmayer and Symeonidis 1975), 

whereas the following year, they described incomplete specimens of a small and a large-sized 

testudinid from the late Miocene or early Pliocene of Liossati, near Athens (Bachmayer and 

Symeonidis 1976). Bachmayer et al. (1975) established a new subspecies Testudo marginata 

cretensis in order to accommodate several relatively complete testudinid specimens from 

Pleistocene caves across Crete, and two years later, Kotsakis (1977) referred to the same 

taxon additional shell material. Kuss (1975) mentioned the presence of testudinid remains 

from a Pleistocene cave in Karpathos Island, without, however, providing any kind of 

description or figure of the material. Staesche (1975) mentioned the presence of several small 

and large Neogene testudinids, geoemydids, and pan-trionychids, but no figures, once again, 

accompany his reports. Paicheler et al. (1978) described the first known chelydrid fossil 

remains from Anatolia on the basis of beautifully preserved specimens from Bes-Konak, near 

Ankara. From the Quaternary of the Vraona cave, near Athens, Rauscher (1995) reported 

aquatic terrapin remains. Bachmayer et al. (1980) described incomplete remains of both a 

small and a large-sized testudinid from the Pliocene of Thessaloniki area. Schleich (1982) 

described the oldest remains attributed to the extant species Testudo marginata from the early 

Pleistocene of Peloponnese in southern Greece. Tuna (1988) described fragmentary shell 

elements of a pan-trionychid from the late Miocene of Bayraktepe in Turkey. Gad (1990) 

documented fragmentary remains from the latest Miocene of Maramena, Eastern Macedonia, 

which he referred to Mauremys caspica. Few years later, Schleich (1994) established two new 

aquatic testudinoid taxa, Palaeochelys rueckerti and Palaeochelys turcica, from the late 

Oligocene or early Miocene of Küçükdoğanca Köyü, near Kesan in the European part of 

Turkey, from where he also described fragmentary chelydrid remains which he referred to 

Chelydropsis, and also an indeterminate emydid. Zwick and Schleich (1994) described 
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geoemydid and testudinid remains from the Pleistocene/Holocene Karain cave in southern 

Turkey. Brinkering (1996) made a short preliminary report on Cretan Pleistocene turtle finds. 

De Vos et al. (2002) preliminarily described and figured osteoderms and shell material 

pertaining to a giant tortoise and a much smaller-sized testudinids from the Pliocene of 

Vatera, Lesvos Island. The same year, Lapparent de Broin (2002) described this material in 

detail. She referred the latter form to cf. Cheirogaster aff. schafferi and provided a carapace 

length size estimation of 186 cm for that tortoise based on rather fragmentary remains that 

render this tortoise as one of the largest known tortoises globally (Lapparent de Broin 2002). 

From the same area in Lesvos, Lyras and van der Geer (2007) mentioned the presence of an 

additional small testudinid, however, without any figure or description to accompany their 

claim. The same year, Staesche et al. (2007) described multiple pan-trionychid, geoemydid, 

ptychogasterid, and testudinid specimens from several localities from Turkey, spanning from 

the Oligocene up to the Pleistocene. Mueller-Töwe et al. (2011) described large fossil eggs 

and shell fragments of a large-sized testudinid from the Pliocene of Rhodes Island. Tsoukala 

et al. (2011) described a small testudinid from the Pleistocene of Eastern Macedonia. 

Georgalis et al. (2013) established a new podocnemidoid taxon, Nostimochelone lampra, on 

the basis of a carapace and plastron from the early Miocene (Burdigalian) of Nostimo, in 

Western Macedonia. This was the first and so far only pleurodire turtle known from the 

Aegean region and it constitutes one of the youngest European occurrences of this clade for 

Europe. Georgalis and Kear (2013) provided a detailed overview of all fossil turtle specimens 

recovered from Greece. Vlachos et al. (2014) established Cheirogaster bacharidisi (currently 

placed in Titanochelon) on the basis of rather complete cranial and postcranial material from 

the Pliocene of Central Macedonia. Vlachos and Tsoukala (2014) described a testudinid from 

the late Miocene of the Drama region in Eastern Macedonia that they referred to Testudo cf. 

graeca. Vlachos et al. (2015a) described pan-trionychid remains from the Pliocene of 

Thessaloniki. The same year, Vlachos et al. (2015b) revised the testudinids from the late 

Miocene or early Pliocene of the east Thessaloniki area and described new specimens of a 

geoemydid, which they referred to Mauremys. Garcia et al. (2016) described a new testudinid 

specimen from the late Miocene of Nikiti in northern Greece which they referred to Testudo 

cf. marmorum. Georgalis et al. (2016c [Appendix 6]) described new remains of the 

geoemydid Mauremys and a pan-trionychid from the late Miocene of Crete. Vlachos and 

Delfino (2016) confirmed the presence of Emys orbicularis in the fossil record of the Aegean 

region, by describing Quaternary remains of that taxon from Peloponnese. Vlachos and 

Tsoukala (2016) described geoemydid and testudinid remains from the late Pliocene of Milia 

(Western Macedonia), large eggs that they attributed to a giant tortoise, and established their 

new taxon Testudo brevitesta. Georgalis et al. (2018c [Appendix 11]) described new 

indeterminate turtle remains from the early Miocene of Aliveri (Euboea) and Karydia (Eastern 

Macedonia and Thrace), which, despite being rather fragmentary, constitute among the 

earliest records of fossil chelonians from Greece. 

 

Crocodylians 

Until relatively recently, crocodylians were not known from the fossil record of the Aegean 

region. The presence of fossils of these reptiles was preliminarily mentioned already by 

Lebküchner (1974), but the first formal description was only provided by Schleich (1994) on 

the basis of isolated teeth from the late Oligocene or early Miocene of Küçükdoğanca Köyü in 

the European part of Turkey. More recently, Georgalis et al. (2016c [Appendix 6]) described 

the first crocodylian finds from Greece, on the basis of isolated teeth from the late Miocene 

(Tortonian) of Plakias in Crete. Soon after, early Miocene crocodylian remains were also 

described from Lesvos (Vasileiadou et al. 2017), and more recently from Aliveri in Euboea 

Island (Central Greece) (Georgalis et al. 2018c [Appendix 11]). 
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Squamates 

Richard Owen was the first to describe a fossil squamate from the Aegean region by 

establishing his new taxon Laophis crotaloides, on the basis of 13 large vertebrae from the 

Pliocene of Megalo Emvolon (formerly Karabournou), near Thessaloniki (Owen 1857). The 

author referred L. crotaloides to Viperidae, provided a preliminary size estimation of this 

animal, and regarded it as the largest known viperid snake (Owen 1857). A few years later, 

Gaudry (1862a, 1862b, 1862–1867) described fossil material of a varanid from the late 

Miocene of Pikermi. Although he only had access to a single, large vertebra, Gaudry (1862a, 

1862b, 1862–1867) nevertheless accurately identified it as a varanid. This was the first 

documentation of a fossil monitor lizard from Europe. The locality of Pikermi later yielded 

varanid cranial material which was used by Weithofer (1888) to define a new species, 

Varanus marathonensis. Curiously, the original Gaudry’s Pikermi vertebra served much later 

as the holotype of another varanid species, Varanus atticus by Nopcsa (1908), who did not 

mention Weithofer’s (1888) taxon and material. Römer (1870) established the second named 

fossil snake species from the Aegean region, the rather large pythonid Python euboicus, on 

the basis of a rather complete skeleton, including cranial elements, from the early Miocene of 

Kymi in Euboea Island. After a rather long absence of fossil squamate descriptions from the 

Aegean region, Schneider (1975) described the herpetofauna of the Middle Pleistocene 

locality of Latomi in Chios Island, with lacertids, colubrines, erycids, natricines, viperids, and 

an elapid. The identification of elapids from that locality was rejected though later (Szyndlar 

1991b; Georgalis et al. 2018b [Appendix 10]). Rage and Sen (1976) conducted the first 

description of fossil squamates from Anatolia, with incomplete remains of anguids, lacertids, 

varanids, amphisbaenians, colubrids, elapids, erycids, and scolecophidians from the Piocene 

of Çalta, near Ankara. Kotsakis (1977) described fragments of a lacertid and a colubrine from 

the Pleistocene of a Cretan cave. From another, nearby, Pleistocene Cretan cave, Mangilli 

(1980) mentioned the presence of the large agamid lizard Uromastyx, on the basis of a single, 

non-figured, tibia, however, this identification was subsequently rejected by Georgalis et al. 

(2016b [Appendix 5]) who considered it as a probable lacertid. Paicheler et al. (1978) 

mentioned the presence of a colubroid snake from the early Miocene of Bes-Konak, near 

Ankara, without, however, any figuring of that material. Szyndlar and Zerova (1990) 

documented the first presence of cobras from Greece, describing large vertebrae from the 

Pliocene of Tourkobounia 1 near Athens, which they referred to the genus Naja Laurenti, 

1768. In his two large compendia on Neogene and Quaternary snakes from Central and 

Eastern Europe, Szyndlar (1991a, 1991b) described several specimens from multiple Greek 

localities, including scolecophidians, booids, elapids, colubrines, natricines, and viperids. 

Venczel and Sen (1994) reported the presence of a large anguid (with affinities with the extant 

Pseudopus apodus [Pallas, 1775]), a lacertid, and several snakes from the Middle Pleistocene 

of the Emirkaya-2, near Konya. Zwick and Schleich (1994) described remains of lizards and 

snakes from the Late Pleistocene/Holocene Karain cave, near Antalya. The rich 

micromammal fauna of Maramena in Central Macedonia yielded also squamates, with lizards 

(agamids, anguids, lacertids, and scincoids) briefly described by Richter (1995) and snakes 

(colubrines, natricines, elapids, and viperids) by Szyndlar (1995). Rauscher (1995) briefly 

documented fragmentary remains of lizards and snakes from the Late Pleistocene/Holocene of 

the Vraona cave, near Athens, however, without any figure provided, his identifications 

cannot be verified. Conrad et al. (2012) established another varanid taxon from Greece, 

Varanus amnhophilis, this time from the late Miocene of Samos Island, on the basis of cranial 

and postcranial remains. Hoek Ostende et al. (2015) described fragmentary remains from 

Ericek, in Denizli Province. Georgalis et al. (2016a [Appendix 4]) described new material of 

the giant viperid Laophis crotaloides from its type locality near Thessaloniki. Considering 
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that the original type material of this species is considered lost, the new finds provided 

important information about this taxon, including a detailed description and an emended 

diagnosis, and further confirmed its rather large size (Georgalis et al. 2016a [Appendix 4]). 

The same year, Georgalis et al. (2016b [Appendix 5]) described the first known fossil 

chamaeleonids from the region, providing biogeographic implications for this lizard clade and 

how they dispersed from Africa to Europe. In another paper, Georgalis et al. (2016c 

[Appendix 6]) described the late Miocene herpetofauna of Plakias (Crete), identifying a 

probable natricine snake and the first documentation of an amphisbaenian from Greece. The 

following year, Georgalis et al. (2017a [Appendix 7]) described a diverse squamate fauna 

from the late Miocene of Ano Metochi, in northern Greece, comprising anguid, lacertid, and 

cordylid lizards and scolecophidian, colubrine, and natricine snakes. It is worth noting that the 

cordylids from Ano Metochi represented the youngest record of this clade in Europe. 

Meanwhile, Georgalis et al. (2017b [Appendix 8]) described new cranial material of Varanus 

from the Middle Pleistocene of the Tourkobounia 5 locality, near Athens, which represented 

the youngest varanid remains from Europe and implied a significant stratigraphic expansion 

for this lizard clade and a much later extinction date than what was previously thought. 

Čerňanský et al. (2017) described several cranial and postcranial remains of anguine lizards 

from the Oligocene and Miocene of numerous Turkish localities, providing thus the first 

records of Paleogene squamates from the Aegean region. Sen et al. (2017) described lizard 

(anguid, lacertid, and varanid) remains from the Pliocene of Çeştepe, near Ankara. 

Vasileiadou et al. (2017) described fragmentary lizard and snake remains from the early 

Miocene of Lapsarna (Lesvos Island). Georgalis et al. (2018a [Appendix 9]) described the 

first record of the amphisbaenian Blanus strauchi complex, on the basis of a dentary from the 

middle Miocene of Gebeceler in Afyon region. Georgalis et al. (2018b [Appendix 10]) 

described the fossil lizards and snakes from the late Miocene hominoid-bearing locality Ravin 

de la Pluie, near Thessaloniki, with anguid and varanid lizards and elapid and colubrine 

snakes, suggesting also that Neogene European varanids possessed comparatively short and 

robustly built limbs. Finally, Georgalis et al. (2018c [Appendix 11]) described lizards and 

snakes from the early Miocene of two Greek localities, Aliveri (Euboea) and Karydia (Eastern 

Macedonia and Thrace), providing also implications about the biogeography of early Neogene 

herpetofaunas of southeastern Europe. 

 

Taxonomic evaluation and review of named reptile taxa from the Aegean region (sorted 

by publication date) 

 

Laophis crotaloides Owen, 1857. 

Based on 13 large vertebrae from the Pliocene of Megalo Emvolon, near Thessaloniki, this 

species was already considered to be a rather large viperid snake in its original description, 

with a total length “between 10 and 12 feet in length” (Owen 1857:199). Laophis crotaloides 

was in fact one of the first fossil snakes to be named. Owen (1857) figured only one of these  
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Figure 5. Original lithograph of the type trunk vertebra (currently lost) of Laophis crotaloides from 

the Pliocene of Megalo Emvolon, near Thessaloniki. Image modified from Owen (1857). Specimen 

depicted in lateral (A) and anterior (B) views. 
 

vertebrae (and only in lateral and anterior views) (Figure 5), compared the Greek material 

with various specimens of the giant aquatic snake Palaeophis Owen, 1841, that were 

previously described by him few years earlier from the Eocene of the United Kingdom (Owen 

1841, 1842, 1850), but also with extant forms, and concluded that L. crotaloides belonged to 

viperids. Unfortunately the fact that the type and only known material was subsequently lost 

hindered the exact taxonomic affinities within viperids, with either crotaline or viperine 

relationships variously suggested (e.g., Kuhn 1939, 1963; Hoffstetter 1955). Rage (1984) 

concluded that due to the inaccurate original lithograph of the type material and its inadequate 

description, this taxon should be considered a nomen dubium. The taxonomic uncertainty 

about the affinities and even the validity of L. crotaloides was subsequently followed by other 

workers (Szyndlar 1991b; Szyndlar and Rage 1999, 2002; Wallach et al. 2014). Nevertheless, 

Georgalis et al. (2016a [Appendix 4]) recently described new material (a single, large 

vertebra) of Laophis crotaloides from its type locality and on the basis of this specimen they 

redescribed the taxon in detail, revalidated it, and provided a new diagnosis confirming its 

species distinctiveness. They additionally provided a detailed overview of the taxonomic 

history of this taxon (Georgalis et al. 2016a [Appendix 4]). Regarding that the new specimen 

is the largest viperid vertebra ever described (centrum length more than 15 mm), the already 

suggested large size of Laophis crotaloides was confirmed (Georgalis et al. 2016a [Appendix 

4]). Nevertheless, the following year, Codrea et al. (2017) considered again that L. crotaloides 

was an invalid taxon and treated it as a nomen dubium. However, the rationale which these 

authors provided for acting so was inaccurate. More specifically, Codrea et al. (2017) 

suggested that this Greek snake taxon was invalid because of the loss of the type material, the 

inaccuracies of Owen’s (1857) original lithograph, and the fact that a neotype was not 

designated based on the new material described by Georgalis et al. (2016a [Appendix 4]), 

citing ICZN (1999:Article 75.3). However, Georgalis et al. (2016a [Appendix 4]) discussed 

extensively the inaccuracies of Owen’s lithograph and further mostly based their new 

diagnosis on the basis of their new material. Furthermore, the ICZN (1999:Article 75.3) 

clearly states that neotypes should be only designated “when there is an exceptional need”. As 

such, the fact that the new vertebra of Laophis crotaloides from Megalo Emvolon described 

by Georgalis et al. (2016a [Appendix 4]) is the only currently available material of this taxon 
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but was not formally designated as a neotype, cannot invalidate the status of the species. 

Regarding the loss of the type material, I further confirm that during my last visit (March 

2017) in NHMUK I was unable to locate it. Yet, I have to note that the fact that Laophis 

crotaloides is not mentioned at all in Lydekker’s (1888) extensive catalogue of fossil reptile 

specimens of the NHMUK (then British Museum), makes me wonder if indeed Owen’s 

(1857) original material was ever curated in the new buliding that was constructed during the 

1880’s. Alternatively, the type material of L. crotaloides could be in the collections of the 

Hunterian Museum of the Royal College of Surgeons in London, another Institution that 

Richard Owen was affiliated, earlier in his career, but still there is no clear indication about 

such a case. Whatever the whereabouts of this enigmatic type material may have been, I here 

follow the detailed description of Georgalis et al. (2016a [Appendix 4]) and consider Laophis 

crotaloides as a valid viperid species. 

 

Testudo marmorum Gaudry, 1862a. 

Gaudry (1862a) originally established Testudo marmorum on the basis of shell material from 

the late Miocene of Pikermi, by describing and figuring one carapace and plastron (MNHN 

PIK 3683). He also detemined its sex as male, judging from the shape of its posterior portion 

(Figure 6). The same author provided comparisons with both extant and extinct taxa and 

noted resemblance with Testudo marginata, which is a common element of the modern Greek 

herpetofauna (Gaudry 1862a). The same year, he provided further brief comments about T. 

marmorum (Gaudry 1862b), whereas in his large manuscript on the Pikermi fossils, he further 

described the taxon and figured an additional shell (Gaudry 1862–1867). Since then, Testudo 

marmorum became a rather important taxon in early fossil chelonian literature, with multiple 

studies discussing it or using it for comparisons with new testudinid finds across Europe (e.g., 

Maack 1869; Hoernes 1892; Zittel 1887–1890; Reinach 1900; De Stefano 1902; Koch 1904; 

Dacque 1912; Arambourg and Piveteau 1929). Bachmayer and Symeonidis (1970) described 

new shell material of T. marmorum from its type locality, Pikermi. Unfortunately, no skull 

elements have been found. Similar or even conspecific forms have been described from 

Kücükçekmece, near Istanbul (Malik and Nafiz 1933) and Nikiti-2 in northern Greece (Garcia 

et al. 2016). Jiménez Fuentes (1981) erroneously mentioned the presence of T. marmorum in 

Crete, citing Bachmayer and Symeonidis (1970). However, there is no mention of specimens 

of that species from Crete in that or any other paper, and as such, Jiménez Fuentes’s (1981) 

claim should be regarded as an error. Testudo marmorum is characterized by the presence of 

the hypo–xiphiplastral hinge, a narrow nuchal, and a widening in the posterior part of the 

carapace (Auffenberg 1974; Lapparent de Broin 2002; Lapparent de Broin et al. 2006; 

Georgalis and Kear 2013; Vlachos and Tsoukala 2014). Recent phylogenetic analyses have 

placed T. marmorum as the sister taxon of either the European Testudo marginata (Corsini et 

al. 2014) or the North African Testudo kleinmanni Lortet, 1883 (Vlachos and Tsoukala 2016; 

Vlachos and Rabi 2018). In any case, Testudo marmorum has been always treated as a valid 

taxon, even though its exact affinities within the genus Testudo are not yet fully resolved, 

awaiting a full redescription of the type and referred material using modern standards and a 

more comprehensive phylogenetic analysis (Georgalis and Kear 2013). The validity of 

Testudo marmorum is uncontroversial. Pending a redescription of its type material, I am 

confining the species solely to its type locality, Pikermi. Accordingly, I follow the previously 

published opinions and consider the Kücükçekmece and Nikiti-2 material mentioned above 

are tentatively referred to as Testudo cf. marmorum. 
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Figure 6. Original lithograph (A, B) and photographs (C, D) of the type carapace and plastron 

(MNHN.PIK 3683) of Testudo marmorum from the late Miocene of Pikermi, near Athens. Image 

modified from Gaudry (1862a) (A, B) and photographs (C, D) of the specimens by GLG (courtesy of 

MNHN). Specimen depicted in dorsal (A, C) and ventral (B, D) views. Note that the original figure of 

Gaudry (1862a) appears to be a reverse image of the actual photograph, a case that is a common fact 

for 19th century’s lithographs. Scale bar = 1 cm. 

 

 

 

Python euboicus Römer, 1870. 

This species was established upon a beautifully preserved, articulated, though incomplete, 

skeleton on a slab from the early Miocene (?MN 3) of Kymi, Euboea Island (Römer 1870) 

(Figure 7). Around 25 large vertebrae, several ribs, and a partial dentary are preserved, 

pertaining to a rather large individual, and on the basis of this material, the species was 

assigned to the extant pythonid genus Python (Römer 1870). A few years later, Rochebrune 

(1880) recombined the pythonid from Euboea in his new, monotypic genus Heteropython, as 

he considered it to be rather different from Python Daudin, 1803, and more similar to the 

Paleogene European Palaeopython Rochebrune, 1880. The same author further provided an 

emended diagnosis for the Greek species (Rochebrune 1880). Gilmore (1938) followed that 

generic placement, but he erroneously mentioned that this taxon is from Sardinia and not from 

Euboea, apparently confusing it with the purported “pythonid” Palaeopython sardus Portis, 

1901a, which is now known to pertain to an indeterminate acanthomorph fish (Delfino et al. 

2014). With the exception of Kuhn (1939, 1963), this generic placement and the validity of 

the genus Heteropython did not meet wide acceptance, with most subsequent authors 

returning the large snake from Euboea back to its original genus, Python (e.g., Rage 1984b; 

Szyndlar 1991a; Szyndlar and Schleich 1993; Szyndlar and Rage 2003; Head 2005; Rage and 

Szyndlar 2005; Schleip and O’Shea 2010; Wallach et al. 2014; Georgalis et al. 2016b 
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[Appendix 5], 2018c [Appendix 11]). In fact, Rage (1984) even casted doubt about the 

validity of Python euboicus, considering that the holotype and only known specimen is 

probably lost, and that the original Römer’s (1870) description was inadequate. Accordingly, 

he considered P. euboicus to be a nomen dubium. Szyndlar and Rage (2003) continued to 

accept this taxonomic opinion, they further described the anatomy of this species, and noted 

strong similarity of its vertebral anatomy with another European pythonid, their Python 

europaeus Szyndlar and Rage, 2003. Nevertheless, these authors provided for the first time an 

 

 
Figure 7. Lithograph of the holotype skeleton (currently lost) of Python euboicus from the early 

Miocene of Kymi, Euboea Island. Image adapted from Römer (1870). 

 

estimation of the vertebral dimensions of Python euboicus, stating  that “the length of the 

vertebral centra apparently exceeds 10 mm, whereas their width is 13 to 14 mm” (Szyndlar 

and Rage 2003:68). Accordingly, they considered this species to be one of the largest known 

snakes from Europe (Szyndlar and Rage 2003), although it has to be noted that certain 

palaeophiid specimens from the Paleogene of the continent were significantly larger (e.g., 

Owen 1841, 1842, 1850; Rage 1984). Regarding the loss of the material, I confirm that I was 

unfortunately unable to locate the holotype at the collections of the University of Wrocław, 

where it was originally kept. I am herein tentatively keeping Python euboicus as a valid taxon, 

taking into consideration the completeness of the specimen with adequate characters observed 

on the vertebrae and the dentary but also on the basis of a biogeographic rationale, as this is 

the first recorded member of Python from the Neogene of Europe. I further agree with 

Szyndlar and Rage (2003) about the strong vertebral resemblance among Python euboicus and 

their new species Python europaeus, but I am noting that in the case of probable synonymy, 

the Greek taxon should have nomenclatural priority, especially in the case that the holotype 

would eventually turn up or if new, diagnostic material from its type locality is recovered. 
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Varanus marathonensis Weithofer, 1888. 

Gaudry (1862a, 1862b, 1862–1867) was the first to describe a fossil varanid from Europe 

based on a specimen (a single, large trunk vertebra [MNHN.F.PIK 3715]) from the locality of 

Pikermi, near Athens (Figure 8). He estimated a 1.5 m size estimation for the Pikermi form  

 

 

Figure 8. Photographs (A–F) and the original lithograph (G, H) of trunk vertebra (MNHN.F.PIK 

3715) of Varanus sp. from the late Miocene of Pikermi, near Athens. The same vertebra later served as 

the holotype of Varanus atticus Nopcsa, 1908. Lithograph modified from Gaudry (1862–1867) and 

photographs by GLG (courtesy of MNHN). Note that the original lithograph of Gaudry (1862–1867) 

figured the specimen only in two views. Also, similarly to the figure of T. marmorum above, the 

original figures of Gaudry (1862–1867) appear to be a reverse images of the actual photographs, a 

case that is a common fact for 19th century’s lithographs. Specimen in dorsal (A), ventral (B, G), 

anterior (C), posterior (D), right lateral (E, H), and left lateral (F) views. Scale bar = 1 cm. 

 

(Gaudry 1862a, 1862b) and a few years later, he subsequently figured the sole known 

specimen (Gaudry 1862–1867). The author refrained from naming it but, nevertheless 

denoted clear varanid affinities of this material, referring to it as “Reptile du groupe des 

Varans” (Gaudry 1862a, 1862b, 1862–1867). A few decades later, Lydekker (1886) briefly 

mentioned the Pikermi varanid, emphasizing its large size, which he estimated “between four 

and five feet” (Lydekker 1886:236). Weithofer (1888) described new cranial remains from the 

same locality and established his new species, Varanus marathonensis, on the basis of what 

appear to be two syntypes (one comprising the left portion of a skull, including the maxilla, 

the premaxilla, and the prefrontal and another comprising a single left supraorbital), 

mentioning also the earlier indication of monitor lizards in Pikermi by Gaudry (1862a, 1862b, 

1862–1867) (Figure 9). Upon establishing his new species, Varanus hofmanni, from the 

Miocene of Germany, Roger (1898, 1900) curiously ignored V. marathonensis, although in 

his former paper, he mentioned that the only known varanid from the Tertiary of Europe was 

Palaeovaranus cayluxi (currently considered to belong to another, distant lizard clade, 

Palaeovaranidae; Georgalis 2017 [Appendix 3]). Later, Nopcsa (1908) established a new 

species for the Pikermi large lizard, Varanus atticus, on the basis of Gaudry’s (1862a, 1862b, 

1862–1867) original vertebra. It is unclear whether Nopcsa (1908) was indeed unaware of 

Weithofer’s (1888) work or if he deliberately ignored it, but in any case there is neither a 

single mention of the name “marathonensis,” nor a reference of Weithhofer (1888) in his 

work. In his monumental work on fossil varanids, Fejérváry (1918) placed V. atticus into the 

synonymy of V. marathonensis and this synonymy has since been universally accepted (e.g., 
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Figure 9. Photograph (A) and original image (B) of the first syntype (IPUW 1888-001-001; the left 

portion of a skull, including the maxilla, the premaxilla, and the prefrontal) and original image (C) of 

the second syntype (IPUW uncat.; a left supraorbital) of Varanus marathonensis from the the late 

Miocene of Pikermi, near Athens. Original images modified from Weithofer (1888) and photograph 

by Massimo Delfino (courtesy of IPUW). Scale bar = 1 cm. 

 

Kuhn 1939; Rage and Sen 1976; Estes 1983; Molnar 2004). Fejérváry (1918) further 

described in great detail and figured again the type material of V. marathonensis, and assigned 

to the same taxon other varanid occurrences from the Miocene and Pliocene of Hungary, 

including part of the type series of Varanus deserticolus Bolkay, 1913, but also a dentary 

from the Pleistocene of Italy (later shown to pertain to a non-varanid lizard, probably a large 

lacertid [Georgalis et al. 2017b; Appendix 8]). Notably, the Hungarian material which 

Fejérváry (1918) referred to V. marathonensis comprised of numerous elements, including a 

maxilla, a dentary, a phalanx, and various vertebrae, thus enhancing our understanding of the 

anatomy of this animal. In his second large contribution on fossil varanids, Fejérváry (1935) 
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mentioned again several times Varanus marathonensis, referring characteristically to that 

species as “the first well known and generically safely identifiable Varanian remains” 

(Fejérváry 1935:72). Dunn (1927) suggested resemblance of V. marathonensis with the extant 

Varanus griseus (Daudin, 1803) on the basis of the morphology of the maxilla, whereas, on 

the basis of vertebral size, he provided a preliminary size estimation of the Greek taxon, 

suggesting that it could reach two thirds the size of the extant Varanus komodoensis Ouwens, 

1912 (about six feet [i.e., 2 m]). Rage and Sen (1976) described new varanid vertebral 

material from the Pliocene of Çalta, Turkey, which they referred to V. marathonensis. Estes 

(1983) provided an emended diagnosis of V. marathonensis but solely on the basis of 

vertebral characters. Conrad et al. (2012) erroneously stated that the holotype of V. 

marathonensis was Gaudry’s (1862a, 1862b, 1862–1867) vertebra and not Weithofer’s (1888) 

skull elements. Georgalis et al. (2017b [Appendix 8]) treated V. marathonensis as a valid 

taxon and noted resemblance of the youngest European varanid material from the Pleistocene 

of Tourkobounia 5 with that species on the basis of a clearly developed medial lamina on the 

maxilla. Molnar (2004) erroneously stated that new varanid finds have since been recovered 

from Pikermi and that they are attributable to V. marathonensis. This is, however, not the 

case, and apparently Molnar (2004) misread Estes (1983) who had simply anticipated more 

varanid finds from Pikermi. It should be noted also that similarly to the case of Testudo 

marmorum, and as was usual in older literature, the age of Pikermi, the type locality of V. 

marathonensis and V. atticus, is referred to as “lower Pliocene” (e.g., Lydekker 1886; 

Fejérváry 1935), although it is now known that its type locality pertains to the late Miocene 

(Georgalis and Kear 2013). I am here considering Varanus marathonensis to be a valid 

species, highlighting, nevertheless, the need of a comprehensive redescription of its syntypes. 

Regarding Varanus atticus, there is no overlap of the holotype and that of V. marathonensis. 

In addition, the taxonomic significance of the vertebrae of varanids is as yet unresolved 

(Delfino et al. 2013; Georgalis et al. 2018b [Appendix 10]). Therefore, Varanus atticus is 

herein considered to be a nomen dubium, although it must be noted that on the basis of the 

fact that it originates from the same locality and the overall similar size with V. 

marathonensis, the two forms could be eventually synonyms. 

  

Testudo sloanei Lydekker, 1889. 

The holotype and only known specimen of Testudo sloanei is a relatively small, 18 cm long, 

incomplete shell, missing the marginals and part of the plastron that was initially part of the 

Hans Sloane’s collection until it was finally purchased by the British Museum at 1754. 

Lydekker (1889) established a new taxon based on this shell (NHMUK R1587) and further 

considered that, due to its “extremely vaulted carapace,” it was allied to the extant 

Stigmochelys pardalis (Bell, 1828) and Astrochelys radiata (Shaw, 1802), both regarded by 

him as belonging to Testudo. However, he provided no figure of this specimen and no further 

geological or geographical information, besides the “Tertiary beds in Turkey” (Lydekker 

1889:89). Apparently, this lack of figures explains the rare, brief, and rather sporadic 

mentions of this species in the chelonian literature (De Stefano 1902; Hewitt 1936; Kuhn 

1964; Auffenberg 1974). In any case, affinities of Testudo sloanei with S. pardalis (Hewitt 

1936) or both S. pardalis and A. radiata (De Stefano 1902; Auffenberg 1974) continued to be 

mentioned, with Auffenberg (1974:178) questionably recombining it into Geochelone 

Fitzinger, 1836, but also stating that “certain of its features suggest it may be close to 

Testudo”, without, however, providing any evidence of these features. Staesche et al. (2007) 

referred to this taxon under the incorrect species epithet spelling “sloani”, stating that it could 

represent a juvenile of a giant testudinid (their Cheirogaster), although the epiplastral lip was 

reportedly weakly developed. They furthermore erroneously considered that this name is a 

nomen nudum, simply due to the fact that the original publication did not contain illustrations 
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(Staesche et al. 2007). However, this taxonomic opinion is clearly erroneous and cannot be 

the case, as ICZN (1999: Article 12.1) only requires a description, definition or indication for 

publications made prior to 1931. Therefore, the name Testudo sloanei is certainly available 

for nomenclatural purposes. Furthermore, it is worth noting that illustrations in fact consist an 

“indication” for publications before 1931 (ICZN 1999: Article 12.2.7) (see Georgalis 2017 

[Appendix 3] for a further discussion). The rather vague locality data provided by Lydekker 

(1889) are also problematic. Curiously, De Stefano (1902) considered T. sloanei as a Pliocene 

taxon and Auffenberg (1974) made it even more precise (as early Pliocene) without, however, 

any further justification for these age suggestions. Furthermore, the term “Turkey” at the time 

of Lydekker (1889) or even older at the time of Sloane’s collection in the 18th century, 

referred in fact to a rather broad territory within the then Ottoman Empire, which variously 

encompassed lands far beyond the Aegean region, such as central Balkans, the Middle East, 

and even northeastern Africa. In my opinion, the holotype of T. sloanei does not probably 

originate from the western part of Anatolia, as 18th and 19th centuries’s European scholars 

were mostly using the Greek names for regions and cities across that geographic area. 

Whatever its exact geographic and stratigraphic origin may have been, the extremely vaulted 

shape of the carapace appears to be an interesting feature. Without a published figure, 

however, it is difficult to assess the degree of this carapace vaulteness or also to state anything 

regarding the exact affinities of this taxon. I tentatively consider Testudo sloanei as a nomen 

dubium, probably representing a testudinid, although I acknowledge that a proper study of the 

material may in fact reveal diagnostic features and taxonomic distinctiveness. 

 

Varanus atticus Nopcsa, 1908. 

See Varanus marathonensis above. 

 

Testudo schafferi Szalai, 1931. 

Szalai (1931) established Testudo schafferi on the basis of an impressive, large (23.1 cm long) 

cranium (NHMW 2009z0103/0001) and a 35.5 cm-long femur (NHMW 1911/0005/0275) 

from the late Miocene (MN 12) (then considered Pliocene) locality of Mytilinii in Samos 

Island (Figure 10A, B). Szalai (1931) paid particular attention to the large size of this animal 

providing an estimation of its carapace length of around 150 cm, even without any shell 

material at hand. He further speculated that this taxon possessed an epiplastral lip in life but 

this was totally based on palaeoecological grounds, as he considered that this structure could 

enable it to properly defend against the diverse and large-sized felids of the Samos ecosystem 

(Szalai 1931). Later on, and as was the case with multiple European Neogene testudinid taxa, 

Auffenberg (1974) recombined Testudo schafferi into Geochelone, whereas he erroneously 

indicated the authorship date of that species as “1933” instead of “1931”. Lapparent de Broin 

(2002) tentatively placed Testudo schafferi into the otherwise Eocene based genus 

Cheirogaster Bergounioux, 1935, along with several other large to giant-sized testudinids 

from the Paleogene and Neogene of Europe. Chkhikvadze (2010) referred to his large-sized 

Georgian taxon Megalochelys natadzei (Chkhikvadze, 1989) a large testudinid plastron 

specimen (AMNH 1722) from the late Miocene of Samos, without providing any further 

justification for such taxonomic attribution. This specimen remains hitherto undescribed, but, 

obviously, considering its origin and its absolute size, it is here also regarded to pertain to 

Testudo schafferi. Georgalis and Kear (2013) accepted the generic placement of the Samos 

testudinid into Cheirogaster and they further suggested that the presence of colossal tortoises 

in the Neogene of the Mediterranean Europe could be explained by the palaeoenvironmental 

reconstruction of that area at the Mio-Pliocene boundary, i.e., evolving a larger chelonian 

body size for metabolic purposes or for facilitating the consumption of C4 vegetation in the 
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Figure 10. Photographs of the syntype skull (NHMW 2009z0103/0001) of Testudo (currently 

Titanochelon) schafferi from the late Miocene of Samos Island (A, B), and the skull of a giant tortoise 

described by Arambourg and Piveteau (1929) from the Neogene of Thessaloniki area (C, D). Image 

adapted from Georgalis and Kear (2013). Scale bars = 10 cm. Abbreviations: fpp, foramen 

praepalatinum; pmp, ‘‘posterior maxillary pit’’; rmt, ridges of the maxillary triturating surfaces. 
 

widespread savannah grasslands. Pérez-García and Vlachos (2014) recombined Testudo 

schafferi into their new genus Titanochelon along with several other giant tortoises from the  
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Figure 11. Life restoration of the giant testudinid from the early Pleistocene of Vatera, Lesvos, on 

display in AMPG. Photograph by Benjamin Kear. 

 

Neogene of Europe. Regarding the distinctiveness of the syntype skull of the Samos giant 

tortoise, the validity of this taxon remains uncontroversial. I further agree on its generic 

placement in Titanochelon but, nevertheless, highlight the urgent need of redescription, 

nomenclatural clarification, and phylogenetic analysis of the Asian giant tortoises, which have 

been variously placed into the genera Colossochelys Falconer and Cautley, 1844 and 

Megalochelys Falconer and Cautley, 1837. Likewise, other Greek material that has in the past 

been tentatively assigned toTitanochelon cf. schafferi from the Neogene of Pikermi, 

Vathylakkos (Figure 10C, D), and Liossati and the early Quaternary of Vatera (Lesvos) 

(Figure 11) (Arambourg and Piveteau 1929; Bachmayer 1967; Bachmayer and Symeonidis 

1976; Lapparent de Broin 2002) needs further reevaluation. 

 

Testudo marginata cretensis Bachmayer et al., 1975. 

Bachmayer et al. (1975) named Testudo marginata cretensis on the basis of a rather complete, 

large (CL = 31 cm) shell (AMPG 3/1974) of a supposedly female individual from the Late 

Pleistocene of Gerani Cave in Crete Island, to which they additionally referred another shell 

from the nearby coeval Zourida Cave (Figure 12). These authors differentiated their new 

subspecies from the nominal species Testudo marginata that occurs in continental Greece, 

mostly on the basis of the shape of neurals I and II, and the width, size, and shape of the 

pygals and xiphiplastra (Bachmayer et al. 1975). Two years later, Kotsakis (1977) referred to 

T. marginata cretensis additional specimens from other Pleistocene Cretan caves, namely 

Bate and Simonelli. Taking into consideration the total absence of testudinids from the extant 

herpetofauna of Crete, Georgalis and Kear (2013) speculated that T. marginata cretensis had 

been eventually driven to extinction due to post-glacial environmental and climatic change or 

even human arrival and interaction. Finally, on the basis of unpublished data, Rhodin et al. 

(2015) preliminarily regarded the Cretan tortoise as a junior synonym of the continental T. 

marginata. I here tentatively follow the latter view. 
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Figure 12. Photograph of a carapace (AMPG uncat.) referred to Testudo marginata cretensis from the 

Late Pleistocene of Zourida Cave, Crete. Specimen depicted in dorsal (A) and lateral (B) views. Photo 

courtesy of AMPG. Scale bars = 10 cm. 

 

Palaeochelys rueckerti Schleich, 1994. 

On the basis of incomplete material from the lignites of the late Oligocene or early Miocene 

of Küçükdoğanca Köyü, near Kesan, in the European part of Turkey, Schleich (1994) named 

two aquatic pan-testudinoids, Palaeochelys ruecketi and Palaeochelys turcica which he 

tentatively placed within Palaeochelys Meyer, 1847 (Figure 13). The former taxon was based 

on a partial carapace and a plastron fragment (BSPG 1980 x 233), whereas an additional 

partial plastron (BSPG 1980 x 232) was also rendered as the paratype of this species 

(Schleich 1994). Palaeochelys rueckerti was diagnosed and differentiated from other pan-

testudinoids on the basis of its roundish and cordiform entoplastron, the projecting epiplastral 

lip, the hexagonal shape of neurals II, III, and IV, the shape of marginals, and its overall small 

size, with a carapace lenght of around 16–18 cm (Schleich 1994). Palaeochelys turcica was 

based on a more incomplete specimen, the anterior portion of a carapace and plastron (BSPG 

1980 x 234), whereas an additional fragment of a plastron was referred to the same species. 

Palaeochelys turcica was differentiated from the sympatric P. rueckerti and other pan-

testudinoids by the shape and size of its entoplastron, epiplastron, marginals, and neurals 

(Schleich 1994). Despite being among the only few named Oligo-Miocene pan-testudinoid 

taxa from southeastern Europe, Palaeochelys rueckerti and P. turcica received only minor 

attention and mentions in chelonian literature. Hervet (2003, 2004) diagnosed the generic 

placement of both Turkish taxa in Palaeochelys, on the basis of the absence of a small 
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Figure 13. Reconstructions of the holotype shells of Palaeochelys rueckerti (BSPG 1980 x 233) (A, 

B) and Palaeochelys turcica (BSPG 1980 x 234) (C) from the late Oligocene or early Miocene of 

Küçükdoğanca Köyü, near Kesan. Both species are herein considered as synonyms and belonging to 

Mauremys. Image modified from Schleich (1994). Specimens depicted in ventral (A) and dorsal (B, C) 

views. 
 

posterior concavity on vertebrals V, but nevertheless considered them as having probable 

affinities with Mauremys Gray, 1869, due to their large vertebrals. The same author further 

expressed preliminary thoughts that both Palaeochelys rueckerti and P. turcica could be 

synonyms, however, she refrained from providing any formal synonymization (Hervet 2003). 

Judging from the published figures of Schleich (1994), I provisionally agree with Hervet 

(2003, 2004) and consider both forms as belonging to Mauremys, rendering them as one of 

the oldest occurrences of that genus in Eastern Mediterranean. Furthermore, mostly on the 

basis of geographical and stratigraphical grounds, I consider both species as synonyms, and as 
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first revisor, I am selecting the more complete, Palaeochelys rueckerti, as the senior synonym 

and valid taxon, which I recombine into Mauremys, as Mauremys rueckerti (Schleich, 1994). 

 

Palaeochelys turcica Schleich, 1994. 

See Palaeochelys rueckerti above. 

 

Varanus amnhophilis Conrad et al., 2012. 

Varanus amnhophilis was established by Conrad et al. (2012) on the basis of specimen 

AMNH FR 30630, which consists of a partial skull roof, the right side of a braincase, a partial 

posterior mandible, a fragment of a clavicle, and parts of six vertebrae, from the late Miocene 

(MN 12) of the Mytilinii Formation in Samos Island (Figure 14). Conrad et al. (2012) 

diagnosed their new varanid taxon mostly on the basis of features on the braincase and the  

quadrate, and they further considered that its anatomy was distinct enough to warrant the 

erection of a new, monotypic subgenus, Varaneades, in order to accommodate it. The authors 

conducted a phylogenetic analysis which recovered V. amnhophilis as belonging to the same 

clade with several extant Eastern Asian Varanus spp. (Conrad et al. 2012). The material 

originated from a Miocene continental environment, full of mammalian predators in terms of 

both diversity and quantity, and accordingly, palaeoecological implications surrounding V. 

amnhophilis were also analyzed (Conrad et al. 2012). The authors curiously misidentified the 

type material of the almost coeval Varanus marathonensis from Pikermi, stating that the 

holotype of this latter species was the vertebra first described by Gaudry (1862a, 1862b, 

1862–1867) and not the cranial material of Weithofer (1888), which they erroneously simply 

regarded it as a referred one (see also above). In any case, the preserved cranial material of V. 

amnhophilis consists of elements that are rather infrequent in the fossil record of monitor 

lizards. As such, no direct comparison of V. amnhophilis with the geographically and 

stratigraphically proximal V. marathonensis or other European or Asian fossil species can be 

made. The only exception with partial anatomical overlap is the recently described Varanus 

mokrensis Ivanov et al., 2017, known from abundant cranial and postcranial material from the 

early Miocene of Czechia, which nevertheless appears to be a rather distinct form in terms of, 

among others, prootic, otoccipital, quadrate, and vertebral morphology. Curiously also, 

Ivanov et al. (2017) used in their phylogenetic analyses, except for Varanus amnhophilis, also  
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Figure 14. Cranial elements (A–I and K–L) of the type material (AMNH FR 30630) and 

reconstructions of the braincase (J) and the skull (M) of Varanus amnhophilis from the late Miocene 

of Samos. Elements include: fragmentary right postorbital (A) and squamosal (B) in lateral view, a 

right quadrate in lateral view (C), a fragmentary palatine in ventral view (d), a right pterygoid in 

lateral (E) and ventral (F) views, right side of the braincase (parabasisphenoid, prootic, basioccipital, 

and otooccipital) in lateral (G) and medial view (H), the otic region of the braincase in ventral view 

(I), a partial right surangular-prearticular/articular complex in lateral view (K), and a partial right 

coronoid in lateral view (L). Image adapted from Conrad et al. (2012). Abbreviations: apoc, 

paroccipital tuberosity; acpr, anterostapedial process of the prootic crest; bpt, basipterygoid process; 

bptb, basipterygoid buttress; colf, columellar fossa; cpr, prootic crest (crista prootica); cri, crista 

interfenestralis; fec, ectopterygoid facet; fo, fenestra ovalis; fsq, squamosal facet (on postorbital); ipr, 

inferior process; pbs, parabasisphenoid; pcr, posterior crest; ped, hypapophyseal pedicel; poc, 

otooccipital paroccipital process; prp, prootic paroccipital process; poz, postzygapophysis; pvc, 
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posterior opening of the vidian canal; qpr, quadrate process; sot, sphenooccipital tubercle; syn, 

synapophysis; tcr, tympanic crest; tpr, transverse process; I–XII, cranial nerves. 
 

a taxon called “Varanus mytilini”, and they recovered them at different positions in their trees. 

However, this is erroneous, as the latter name is simply an earlier, unpublished name (thus, a 

nomen nudum) of Varanus amnhophilis. In any case, the varanid from Samos is herein 

tentatively treated as a valid species. 

 

Nostimochelone lampra Georgalis et al., 2012. 

Georgalis et al. (2013) established Nostimochelone lampra on the basis of a partial carapace 

and plastron (NMP V1) from the early Miocene (Burdigalian) of Nostimo, in Western 

Macedonia (Figure 15). Apart from being one of the oldest fossil turtles from Greece, N. 

lampra is also one of the only two youngest records of pleurodires from Europe, the other 

being the now lost holotype of Podocnemis lata Ristori, 1895, from the Miocene of Malta, as 

all previously immediately older records from the continent were of Eocene age (Georgalis et 

al. 2013; Georgalis and Kear 2013). Nostimochelone lampra was referred to 

Podocnemidoidea (sensu Gaffney et al. 2006), however, no secure placement within the 

clades Bothremydidae or Podocnemididae could be made (Georgalis et al. 2013). 

Nevertheless, the Greek taxon is clearly distinct from all other pan-podocnemidoids by 

possessing six elongate and remarkably transversely-compressed neurals, and a broad nuchal 

embayment that extends onto the first peripherals, an anteroposteriorly elongate costal I with 

a concave internal axillary process scar extending to the midline of the plate and laterally 

crossing the juncture between peripheral II and peripheral III, an inguinal buttress contacting 

costals V but not extending beyond its lateral extremity, humeral scutes with a midline 

contact over the entoplastron, and pectoral-abdominal sulcus extending well anterior to the 

mesoplastron (Georgalis et al. 2013). The presence of Nostimochelone lampra in the early 

Neogene of Europe does not necessarily imply a late survival of European Paleogene 

pleurodires, although this could well be the case. Rather than that, Georgalis et al. (2013) and 

Georgalis and Kear (2013) suggested that it is more plausible that its lineage represents the 

product of a trans-Tethyan dispersal from Africa to Mediterranean Europe, especially taking 

into consideration the probably marine palaeoenvironment of the type locality of Nostimo. 

Note also that the authorship date of Nostimochelone lampra is “2012” and not “2013”, as the 

printed version of the article postdated the first published work and the name was registered 

in ZooBank (ICZN 1999:21.4) (Georgalis and Kear 2013). Nostimochelone lampra is 

considered as a valid pleurodire taxon. 
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Figure 15. Photographs and close ups of the holotype carapace and plastron (NMP V1) of 

Nostimochelone lampra from the early Miocene of Nostimo, Western Macedonia. Image adapted from 

Georgalis et al. (2013). Scale bars = 50 cm for (a) and (e), 3 cm for (b) and (f), 2 cm for (c), and 1 cm 

for (d). Abbreviations: axp, anterior axillary process scar; axn, axillary notch; co1–co8 costals one–

eight; ent, entoplastron; fas, femoral-anal sulcus; hpo, hypoplastron; hps, humeropectoral sulcus; hum, 

humerals; hyo, hyoplastron; ils, iliac sutural scar; mes, mesoplastron; neu1–neu3, neurals one–three; 
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nuc, nuchal; pan, position of anal notch; pas, pectoral-abdominal sulcus; pec, pectorals; per, 

peripherals; per5, peripheral five; pes, lateral peripheral suture; pip, posterior inguinal process scar; 

pms, pleural-marginal sulcus; sup, suprapygal; xip, xiphiplastron. 
 

  

 

Cheirogaster bacharidisi Vlachos et al., 2014. 

Vlachos et al. (2014) established Cheirogaster bacharidisi on the basis of a rather complete 

skeleton of a female individual, including the skull (LGPUT EPN I [100–199]) from the 

Pliocene of Epanomi, near Thessaloniki (Central Macedonia) (Figure 16) and further referred 

additional material from both the same and two other nearby localities. They mentioned 

throughout their text that a second specimen (a male; LGPUT EPN II [200–287]) from the 

type locality consisted a paratype, however, in their designation of the type material, they 

considered it simply as a referred specimen (Vlachos et al. 2014). Whatever the case, 

paratypes are not essential for taxonomic and nomenclatural purposes. This taxon was 

originally named as a species of the wastebasket genus Cheirogaster Bergounioux, 1935 

(Vlachos et al. 2014), but soon after, a phylogenetic analysis of European giant tortoises 

recombined it to the genus Titanochelon (Pérez-García and Vlachos 2014). Based on rather 

complete material pertaining to different individuals, Titanochelon bacharidisi appears to be 

the most complete giant tortoise find from the Aegean region, surpassing in completeness the 

previously described Titanochelon schafferi (Szalai, 1931) from Samos. Furthermore, 

Titanochelon bacharidisi can be differentiated from all other Neogene European giant 

tortoises by a combination of both cranial and postcranial features, primarily in the 

entoplastron and the epiplastra (Vlachos et al. 2014). I herein accept the distinctiveness and 

validity of this taxon. 
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Figure 16. Photographs of the holotype skull of Cheirogaster (currently placed in Titanochelon) 

bacharidisi (LGPUT EPN I [100–199]) from the Pliocene of Epanomi, near Thessaloniki. Specimen 

depicted in dorsal (A), ventral (B), left lateral (C), and right lateral (D) views. Image adapted from 

Vlachos et al. (2014). Scale bar = 5 cm. Abbreviations: fpp, foramen palatinum posterius; md, 

mandible. 

 

Testudo brevitesta Vlachos and Tsoukala, 2016. 

Testudo brevitesta is based on a partial carapace missing its anterior and lateral margins 

(LGPUT MIL 495) from the early Pliocene of Milia in Western Macedonia (Figure 17), with 

additional carapacial and plastral material from the type locality being referred to the same 

species (Vlachos and Tsoukala 2016). This taxon was suggested to bear strong resemblance 

with the extant Testudo marginata that currently inhabits the Greek area, in possessing the 

characteristic posteriorly flared carapace, however, the former, extinct species can be still 

differentiated from the latter extant one by the posterior carapace being much taller and 

anteroposteriorly shorter (Vlachos and Tsoukala 2016). Such close resemblance between 

Testudo brevitesta and T. marginata was suggested to reflect apparent affinities among the 

two forms and this view was further supported by a phylogenetic analysis which constantly 

recovered them both as sister taxa (Vlachos and Tsoukala 2016). I herein accept the validity 

of this taxon and its affinities with T. marginata. 
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Figure 17. Photograph and reconstruction of the holotype carapace of Testudo brevitesta (LGPUT 

MIL 495) from the Pliocene of Milia, Western Macedonia. Image adapted from Vlachos and Tsoukala 

(2016). Specimen depicted in dorsal view. Abbreviations: cos, costal; MA, marginal; neu, neural; per, 

peripheral; PLE, pleural; py, pygal; sp, supragygal; VE, vertebral. Scale bar = 5 cm. 

 

 

Taxonomic diversity and distribution of the Aegean reptiles through time 

The Aegean region currently hosts a relatively diverse extant reptile fauna, at least by 

European and western Asian standards (Appendix III) (Sindaco et al. 2000, 2013; Sindaco 

and Jeremčenko 2008; Valakos et al. 2008; Lymberakis and Poulakakis 2010). Nevertheless, 

the fossil record attests a rather more interesting image of the past in this region, with 

different extinct clades and species and wider distributions of modern forms (Figures 18, 19, 

20). The early Cenozoic history of the Aegean reptile fauna, however, is virtually unknown, 

with not a single find recovered from Paleocene and Eocene sediments, whereas Oligocene 

records are confined to few and rather fragmentary remains from western Turkey (Table 1). 

The Eocene absence can probably be attributed to anthropogenic biases, as mammal yielding 

localities of that epoch do exist in Central Anatolia (Maas et al. 2001; Maaga and Beck 2017) 

and both the Greek and Turkish parts of Thrace (e.g., Métais and Sen 2017), whereas turtles 

are also known from the Eocene of southern Bulgaria (Khosatzky et al. 1983) and maybe the 

Former Yugoslav Republic of Macedonia (Pašić and Klinčarski 1959). The Neogene and 

Quaternary record of fossil reptiles in the Aegean region is more adequately preserved and, in 

fact, the majority of such finds originates from Miocene localities (Table 1; Figure 2).  

 

 

Taxon Oligocene Miocene Pliocene Pleistocene 

& Holocene 

References 

TESTUDINES      

Nostimochelone 

lampra 

 Nostimo 

(Burdigalian) 

  Georgalis et 

al. 2013 

Pan-

Trionychidae 

indet. 

Ibribey    Lebküchner 

1974 
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Pan-

Trionychinae 

indet. 

 Sofça (MN 

7/8); Yeni 

Eskihisar (MN 

7/8); Plakias 

(MN 9); 

Bayraktepe 

(MN 9/10); 

Kücükçekmece 

(MN 10);  

Silivri Maden 

(MN 10); 

Hatunsaray 

(MN 11) 

Gefyra (MN 

16) 

 Malik and 

Nafiz 1933; 

Rückert-

Ülkümen 

1963; Tuna 

1988; 

Staesche et 

al. 2007; 

Vlachos et al. 

2015a; 

Georgalis et 

al. 2016c 

Chelydropsis sp. Küçükdoğanca Köyü 

(l.Olig. or e.Mioc.) 

Bes Konak 

(e.Mioc.) 

  Paicheler et 

al. 1978; 

Schleich 

1994 

Emys 

orbicularis 

   Megalopolis 

(Late Pleist.); 

Francthi Cave 

(Late Pleist.-

Holoc.) 

Vlachos and 

Delfino 2016 

?Emydidae 

indet. 

Küçükdoğanca Köyü 

(l.Olig. or e. Mioc.) 

   Schleich 

1994 

Clemmydopsis 

sp. 

 Uyurca (MN 

6) 

  Staesche et 

al. 2007 

Mauremys 

rueckerti 

Küçükdoğanca Köyü 

(l.Olig. or e. Mioc.) 

   Schleich 

1994 

Mauremys 

rivulata 

   Megalopolis 

(Late 

Pleistocene); 

Karain (Late 

Pleistocene–

Holocene) 

Melentis 

1966; Zwick 

and Schleich 

1994; 

Vlachos and 

Delfino 2016 

Mauremys sp.  Çandır (MN 

6); Paşalar 

(MN 6); Sofça 

(MN 7/8); 

Karaçay 

(Langhian); 

Yaylacilar 

(MN 7/8); 

İnönü (MN 9); 

Plakias (MN 

9); 

Kücükçekmece 

(MN 11); 

Amasya (MN 

13); Maramena 

(MN 13/14); 

Milia (MN 

16) 

 Malik and 

Nafiz 1933; 

Gad 1990; 

Staesche et 

al. 2007; 

Vlachos et al. 

2015b; 

Georgalis et 

al. 2016c; 

Vlachos and 

Tsoukala 

2016 
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Allatini (latest 

Mioc. or 

earliest Plioc.) 

Testudo 

marmorum 

 Pikermi (MN 

12) 

  Gaudry 

1862a, 

1862b, 1862–

1867; 

Bachmayer 

and 

Symeonidis 

1970; 

Georgalis 

and Kear 

2013 

Testudo cf. 

marmorum 

 Kücükçekmece 

(MN 11); 

Nikiti 2 (MN 

11) 

  Malik and 

Nafiz 1933; 

Garcia et al. 

2016 

Testudo 

brevitesta 

  Milia (MN 

16) 

 Vlachos and 

Tsoukala 

2016 

Testudo 

marginata 

   Makriyialos 

(e.Pleist.); 

Bate Cave 

(L.Pleist.); 

Charkadio 

Cave 

(L.Pleist.); 

Gerani Cave 

(L.Pleist.); 

Simonelli 

Cave 

(L.Pleist.); 

Xerias 

(L.Pleist.); 

Zourida Cave 

(L.Pleist.) 

Bachmayer 

and 

Symeonidis 

1975; 

Bachmayer 

et al. 1975; 

Kotsakis 

1977; 

Schleich 

1982; 

Tsoukala et 

al. 2011 

Testudo graeca    Karain 

(L.Pleist.–

e.Holoc.) 

Zwick and 

Schleich 

1994 

Testudo cf. 

graeca 

 Çandır (MN 

6); Sofça (MN 

7/8); 

Yaylacilar 

(MN 7/8); 

Yeni Eskihisar 

(MN 7/8); 

Termeyenice 

(Serravallian); 

Kınık (MN 

Akçaköy 

(MN 15); 

Akçayır; 

Megalo 

Emvolon 

(MN 15) 

Vatera (MN 

17) 

Campana 

1917; 

Bachmayer 

and 

Symeonidis 

1970; 

Bachmayer 

et al. 1980; 

De Vos et al. 

2002; 
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12); Kavurca 

(MN 13); 

Suleymanli 

(MN 13); 

Platanias 

(late); Allatini 

(latest Mioc. or 

earliest Plioc.); 

Pylaea (latest 

Mioc. or 

earliest Plioc.) 

Lapparent de 

Broin 2002; 

Staesche et 

al. 2007; 

Vlachos and 

Tsoukala 

2014 

Testudo 

hermanni 

   Megalopolis 

(L.Pleist.); 

Francthi Cave 

(L.Pleist.-

Holoc.) 

Vlachos and 

Delfino 2016 

Testudo sp.  Thymiana 

(MN 5); 

Liossati 

(l.Mioc. or 

e.Plioc.) 

Megalo 

Emvolon 

(MN 15) 

Psychiko 

(e.Pleist.) 

Arambourg 

and Piveteau 

1929; 

Paraskevaidis 

1955; 

Bachmayer 

and 

Symeonidis 

1970, 1976 

Titanochelon 

schafferi 

 Mytilinii (MN 

12) 

  Szalai 1931 

Titanochelon cf. 

schafferi 

 Pikermi (MN 

12); 

Vathylakkos 

(MN 12); 

Liossati (late 

Miocene or 

early Pliocene) 

 Vatera (MN 

17) 

Arambourg 

and Piveteau 

1929; 

Bachmayer 

1967; 

Bachmayer 

and 

Symeonidis 

1976; De 

Vos et al. 

2002; 

Lapparent de 

Broin 2002 

Titanochelon 

bacharidisi 

  Epanomi 

(MN 16); Nea 

Kallikrateia 

(MN 16); Nea 

Michaniona 

(MN 16) 

 Vlachos et al. 

2014 

Titanochelon sp.  Çandır (MN 

6); 

Çatakbağyaka 

(MN 7/8); 

Apollakia 

(MN 15); 

Megalo 

Emvolon 

 Campana 

1917, 1919; 

Bachmayer 

et al. 1980; 
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Garkin (MN 

11); Pylaea 

(latest Mioc. or 

earliest Plioc.) 

(MN 15); 

Milia (MN 

16) 

Staesche et 

al. 2007; 

Mueller-

Töwe et al. 

2011; 

Vlachos and 

Tsoukala 

2016 

Testudines 

indet. 

Küçükdoğanca Köyü 

(l.Olig. or e. Mioc.) 

Aliveri (MN 

4); Karydia 

(MN 4) 

Apollakia 

(MN 15) 

 Schleich 

1994; 

Mueller-

Töwe et al. 

2011; 

Georgalis et 

al. 2018c 

CROCODYLIA      

Crocodylia 

indet. 

Küçükdoğanca Köyü 

(l.Olig. or e.Mioc.) 

Lapsarna 

(?MN 3); 

Aliveri (MN 

4); Plakias 

(MN 9) 

  Schleich 

1994; 

Georgalis et 

al. 2016c, 

2018c; 

Vasileiadou 

et al. 2017 

SQUAMATA      

Chamaeleo cf. 

andrusovi 

 Aliveri (MN 4)   Georgalis et 

al. 2016b 

Chamaeleonidae 

indet. 

 Aliveri (MN 4)   Georgalis et 

al. 2016b 

Agamidae indet.  Maramena 

(MN 13/14) 

 Karain (Late 

Pleistocene–

Holocene) 

Zwick and 

Schleich 

1994; Richter 

1995 

cf. Lacerta sp.   Çeştepe (MN 

14) 

Emirkaya-2 

(M.Pleist.); 

Karain Cave 

(L.Pleist.–

Holoc.) 

Zwick and 

Schleich 

1994; Richter 

1995; Sen et 

al. 2017 

Podarcis cf. 

erhardii 

   Bate Cave 

(L.Pleist.) 

Kotsakis 

1977 

Lacertidae 

indet. 

 Lapsarna 

(?MN 3); 

Aliveri (MN 

4); Karydia 

(MN 4); Ano 

Metochi (MN 

13); Maramena 

(MN 13/14) 

Çalta (MN 

15) 

Latomi 

(Middle 

Pleistocene); 

Simonelli 

Cave 

Schneider 

1975; Rage 

and Sen 

1976; 

Mangilli 

1980; Richter 

1995; 

Georgalis et 

al. 2017a, 

2018c; 

Vasileiadou 
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et al. 2017 

Cordylidae 

indet. 

 Ano Metochi 

(MN 13); 

Maramena 

(MN 13/14) 

  Richter 1995; 

Georgalis et 

al. 2017a 

Scincomorpha 

indet. 

 Aliveri (MN 

4); Karydia 

(MN 4) 

Çalta (MN 

15) 

 Rage and Sen 

1976; 

Georgalis et 

al. 2018c 

Anguis sp.  Bağiçi (MN 

7/8); 

Süleymanli 

(MN 13) 

  Čerňanský et 

al. 2017 

Ophisaurus sp. Kargi 2 (MP 30–MN 

1) 

Keseköy (MN 

3); Karydia 

(MN 4); 

Çandir (MN 

6); Bağiçi (MN 

7/8); Ano 

Metochi (MN 

13); 

Süleymanli 

(MN 13) 

  Čerňanský et 

al. 2017; 

Georgalis et 

al. 2017a, 

2018c 

Pseudopus cf. 

apodus 

   Emirkaya-2 

(M.Pleist.) 

Venczel and 

Sen 1994 

Pseudopus sp.   Çalta (MN 

15) 

Karain 

(L.Pleist.–

Holoc.) 

Zwick and 

Schleich 

1994; Rage 

and Sen 1976 

Anguinae indet. Kocayarma (MP 

25); Kavakdere (MP 

26/27); Kargi 2 (MP 

30–MN 1) 

Kargi 3 (MN 

1); Kılçak 3b 

(MN 1); 

Sabuncubeli 

(MN 3); 

Keseköy (MN 

3); Aliveri 

(MN 4); 

Karydia (MN 

4); Çandir 

(MN 6); 

Çandir HW 

(MN 6); Bağiçi 

(MN 7/8); 

Ravin de la 

Pluie (MN 10); 

Ano Metochi 

(MN 13); 

Süleymanli 

(MN 13) 

Çeştepe (MN 

14) 

 Čerňanský et 

al. 2017; Sen 

et al. 2017; 

Georgalis et 

al. 2017a, 

2018b, 2018c 

Varanus  Pikermi (MN   Weithofer 
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marathonensis 12) 1888 

Varanus 

amnhophilis 

 Mytilinii (MN 

12) 

  Conrad et al. 

2012 

Varanus sp.  Ravin de la 

Pluie (MN 10); 

Pikermi (MN 

12) 

Çeştepe (MN 

14); Çalta 

(MN 15) 

Tourkobounia 

5 (M.Pleist.) 

Gaudry 

1862a, 

1862b, 1862–

1867; 

Nopcsa 

1908; Rage 

and Sen 

1976; 

Georgalis et 

al. 2017b, 

2018b; Sen et 

al. 2017 

Blanus cf. 

strauchi 

 Gebeceler 

(MN 7/8) 

  Georgalis et 

al. 2018a 

Amphisbaenia 

indet. 

 Plakias (MN 9) Çalta (MN 

15) 

 Rage and Sen 

1976; 

Georgalis et 

al. 2016c 

Scolecophidia 

indet. 

 Ano Metochi 

(MN 13) 

Maritsa (MN 

14); Çalta 

(MN 15); 

Tourkobounia 

1 (MN 16) 

Emirkaya-2 

(M.Pleist.); 

Tourkobounia 

2 (M.Pleist.); 

Tourkobounia 

5 (M.Pleist.) 

Rage and Sen 

1976; 

Szyndlar 

1991a; 

Venczel and 

Sen 1994; 

Georgalis et 

al. 2017a 

Python euboicus  Kymi (MN 

3/4) 

  Römer 1870 

Eryx jaculus    Latomi 

(M.Pleist.); 

Pili B 

(?L.Pleist.) 

Schneider 

1975; 

Szyndlar 

1991a 

cf. Eryx sp.   Maritsa (MN 

14); Çalta 

(MN 15); 

Spilia 4 (MN 

15) 

 Rage and Sen 

1976; 

Szyndlar 

1991a 

Dolichophis 

caspius 

   Emirkaya-2 

(M.Pleist.) 

Venczel and 

Sen 1994 

cf. Dolichophis 

sp. 

 Ano Metochi 

(MN 13) 

  Georgalis et 

al. 2017a 

Elaphe 

quatuorlineata 

   Tourkobounia 

2 (M.Pleist.) 

Szyndlar 

1991a 

Elaphe cf. 

quatuorlineata 

   Emirkaya-2 

(M.Pleist.) 

Venczel and 

Sen 1994 

Hierophis cf. 

gemonensis 

   Bate Cave 

(L.Pleist.) 

Kotsakis 

1977 
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Hierophis cf. 

hungaricus 

 Maramena 

(MN 13/14) 

  Szyndlar 

1995 

Malpolon sp.   Tourkobounia 

1 (MN 16) 

 Szyndlar 

1991a 

cf. Telescopus 

sp. 

   Emirkaya-2 

(M.Pleist.) 

Venczel and 

Sen 1994 

Zamenis situla    Tourkobounia 

2 (M.Pleist.) 

Szyndlar 

1991a 

“Colubrinae” 

indet. 

 Ravin de la 

Pluie (MN 10); 

Ano Metochi 

(MN 13) 

 Emirkaya-2 

(M.Pleist.); 

Latomi 

(M.Pleist.); 

?Karain 

(L.Pleist.–

Holoc.) 

Venczel and 

Sen 1994; 

Zwick and 

Schleich 

1994; 

Schneider 

1975; 

Georgalis et 

al. 2017a, 

2018b 

Natrix cf. natrix    Emirkaya-2 

(M.Pleist.) 

Venczel and 

Sen 1994 

Natrix cf. 

tessellata 

   Gerani 

(L.Pleist.) 

Szyndlar 

1991b 

Natrix sp.  Ano Metochi 

(MN 13) 

  Georgalis et 

al. 2017a 

“Natricinae” 

indet. 

 Lapsarna 

(?MN 3); 

Plakias (MN 

9); Maramena 

(MN 13/14) 

Ericek (MN 

15) 

Latomi 

(M.Pleist.) 

Schneider 

1975; 

Szyndlar 

1991b, 1995; 

Hoek 

Ostende et al. 

2015; 

Georgalis et 

al. 2016c; 

Vasileiadou 

et al. 2017 

Colubridae 

indet. 

 Aliveri (MN 

4); Karydia 

(MN 4) 

  Georgalis et 

al. 2018c 

Naja cf. romani  Ravin de la 

Pluie (MN 10) 

  Georgalis et 

al. 2018b 

Naja sp.  Maramena 

(MN 13/14) 

Çalta (MN 

15); 

Tourkobounia 

1 (MN 16) 

 Rage and Sen 

1976; 

Szyndlar and 

Zerova 1990; 

Szyndlar 

1991b, 1995 

Laophis 

crotaloides 

 Megalo 

Emvolon (MN 

15) 

  Owen 1857; 

Georgalis et 

al. 2016a 

“Oriental  Maramena Tourkobounia Emirkaya-2 Schneider 
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vipers” complex (MN 13/14) 1 (MN 16) (M.Pleist.); 

Latomi 

(M.Pleist.) 

1975; 

Venczel and 

Sen 1994; 

Szyndlar 

1991b, 1995 

Viperidae indet.  Aliveri (MN 4)   Georgalis et 

al. 2018c 

Serpentes indet.  Lapsarna 

(?MN 3); 

Aliveri (MN 

4); Karydia 

(MN 4); Ano 

Metochi (MN 

13); Maramena 

(MN 13/14) 

Ericek (MN 

15) 

 Szyndlar 

1995; Hoek 

Ostende et al. 

2015; 

Georgalis et 

al. 2017a, 

2018c; 

Vasileiadou 

et al. 2017 

Squamata indet.  Lapsarna 

(?MN 3); 

Aliveri (MN 

4); Karydia 

(Mn 4); Ano 

Metochi (MN 

13) 

  Georgalis et 

al. 2017a, 

2018c; 

Vasileiadou 

et al. 2017 

 
Table 1. The diversity of fossil reptiles from the Aegean region. Included here are only taxa that have 

been formally described and/or figured in the literature. The majority of specimens in Staesche et al. 

(2007) was not figured or only briefly documented and therefore the respective taxonomic opinions 

should be regarded as tentative.  Testudo sloanei Lydekker, 1889, is not indicated here due to its 

uncertainty around its stratigraphic origin and its taxonomic status. Also ommited is the indeterminate 

testudinid from Korydallos, described by Paraskevaidis (1961), as this was reported to originate from 

indifferentiated “Tertiary”. 

 

 Turtles are now represented in the Aegean region by 11 pan-trionychid, cheloniid, 

dermochelyid, emydid, geoemydid, and testudinid species (Sindaco et al. 2000, 2013; Sindaco 

and Jeremčenko 2008; Appendix III). With the notable absence of marine turtles 

(chelonioids), all of these clades also appear as fossils in different localities in Greece and 

Turkey, in addition to the now locally or totally extinct pleurodires and pan-chelydrids 

(Figure 18). Pleurodires are only represented by the holotype and only known specimen of 

the podocnemidoid taxon Nostimochelone lampra from the early Miocene (Burdigalian) of 

Nostimo in northwestern Greece (Georgalis et al. 2013). This is one of the stratigraphically 

youngest pleurodires from Europe and the sole member of that clade from the southeastern 

part of the continent (Georgalis and Kear 2013). The geographically most proximal Miocene 

pleurodires are an indeterminate form from Malta (type of Podocnemis lata) and several 

podocnemidoids from Egypt (Gaffney 2011). Considering that pleurodires had otherwise 

become extinct in Europe during the Paleogene, the rather sporadic occurrence of this clade in 

the Miocene of Mediterranean Europe probably implies a short lived marine dispersal from 

Northern Africa during the early Neogene, rather than a late survival of the Eocene European 

forms (Georgalis et al. 2013; Georgalis and Kear 2013). A single pan-trionychid taxon, 
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Figure 18. Phylogenetic relationships of turtles after Crawford et al. (2015). Rectangulars indicate the 

clades that have been recovered as fossils from the Aegean region. Numbers in brackets correspond to 

photographs of selected extant representatives from each clade. Photographs: (1), (2), (3), and (6) from 

Wikipedia; (5) from Ilias Strachinis archive; (4) by me. 
 

Trionyx triunguis (Forskål, 1775), is known in the extant herpetofauna of the Aegean region, 

whereas Rafetus euphraticus (Daudin, 1801) currently inhabits far eastern Anatolia. Fossils of 

pan-trionychids have been recoved from both Greece and Turkey, spanning from the 

Oligocene to the Pliocene, but always consisting of rather fragmentary remains, not 

permitting a more precise taxonomic allocation. However, pan-trionychids seem to be already 

present in the broader region by much older times, as it is testified by the type of Trionyx 

capellinii bulgaricus (an indeterminate pan-trionychid according to Georgalis and Joyce 

(2017 [Appendix 1]) from the late Eocene (Priabonian) of southern Bulgaria (Khosatzky et 

al. 1983). In their review of Old World pan-trionychids, Georgalis and Joyce (2017 
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[Appendix 1]) treated the Paleogene material from Turkey as indeterminate pan-trionychids, 

taking into consideration the diversity of lineages occurring at that time in Europe, whereas 

for the Neogene Aegean forms, they provided a more precise designation as indeterminate 

pan-trionychines, regarding that pan-cyclanorbines appear to be absent from that epoch in the 

continent. Unfortunately, there is of yet no cranial or adequate plastral material from Greek 

and Turkish localities that would permit a generic attribution of these fossils to either the 

lineages of Trionyx Geoffroy Saint-Hilaire, 1809 or Rafetus Gray, 1864, which occurred in 

Europe during the Neogene (Georgalis and Joyce 2017 [Appendix 1]). It is probable that the 

Oligocene pan-trionychid specimens from western Turkey also represent pan-trionychines 

and that all Aegean fossils of soft shelled turtles belong indeed to a single lineage, however, 

this theory is speculative for the moment. In any case, judging from the few only localities 

that yielded their fossil remains, pan-trionychids are infrequent in the Aegean 

palaeoecosystems, though this could be attributed to collection biases. The youngest fossil 

pan-trionychids from the area are known from the late Pliocene and around then was probably 

marked their total and final extinction from the continental eastern Europe, as extant 

individuals of Trionyx triunguis found in the Dodecanese Islands are believed to be simply 

products of occasional marine dispersals from adjacent Anatolian coasts (Taskavak et al. 

1999; Vlachos et al. 2015a; Georgalis and Joyce 2017 [Appendix 1]). Fossil pan-chelydrids 

were also infrequent in the Aegean herpetofauna, known by only two records from the 

Oligocene and Miocene of Turkey, though this scarceness of remains could be probably 

attributed as well to collection biases. The older record, from the Oligocene or early Miocene 

of Küçükdoğanca Köyü in the European part of Turkey, is rather fragmentary (Schleich 

1994), but the younger one, from the early Miocene of Bes-Konak, consists of well preserved 

and complete material (Paicheler et al. 1978). They are both considered to be members of 

Chelydropsis Peters, 1868, the sole valid pan-chelydrid from Eurasia and also among the 

southern records of that clade in the Old World (Joyce 2016). Emydids have a rather poor 

fossil record in the Aegean region, despite the currently wide distribution and abundance of 

these turtles in Greece and Turkey (Sindaco et al. 2000, 2013; Sindaco and Jeremčenko 2008; 

Valakos et al. 2008). Apart from a single, dubious, and poorly documented occurrence in the 

late Oligocene or early Miocene of Küçükdoğanca Köyü (Schleich 1994), the only verified 

record of that clade in the Aegean is known from material attributed to the extant Emys 

orbicularis (Linnaeus, 1758) from two late Quaternary localities in Peloponnese (Vlachos and 

Delfino 2016). The latter authors further suggested that southern Greece acted as a kind of 

refugium for emydids during the glacial times, with these aquatic turtles further recovering 

and expanding their distribution throughout Europe at the end of the Quaternary (Vlachos and 

Delfino 2016). As far as it concerns the Oligo-Miocene purported emydid from 

Küçükdoğanca Köyü, the poor quality of the figures and the inadequate original description of 

Schleich (1994) casts doubts on its exact taxonomic attribution. As such, this fragmentary 

material may well pertain to an indeterminate geoemydid or be conspecific with Mauremys 

rueckerti, which is known from the same locality. Afterall, the name “Emydidae” was used 

until relaively recently to also encompass Mauremys (e.g., Staesche et al. 2007), so it cannot 

be certain exactly which turtle clade Schleich (1994) was meaning. Ptychogasterids consist an 

extinct clade of pan-testudinoid turtles, which probably lie near or even within geoemydids 

(e.g., Hervet 2003, 2004; Luján et al. 2014). In any case, in the Aegean region, 

ptychogasterids are known solely by a single shell fragment from the middle Miocene of 

central Anatolia that was referred to Clemmydopsis cf. turnauensis by Staesche et al. (2007). 

The same authors also attributed to the same taxon an additional fragment from eastern 

Anatolia (Staesche et al. 2007), which, geographically speaking, is not taken into 

consideration here. Nevertheless, the central Anatolian material is too fragmentary for species 

level determination, but an attribution to Clemmydopsis Boda, 1927, is tentatively accepted 
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here. The extreme rareness of this lineage in the Aegean region, known only by a single 

specimen, seems to reflect a real absence from the fossil record of that area, however, the 

possibility that certain remains of ptychogasterids have been misidentified for geoemydids 

could also be the case. Geoemydids appear to be quite abundant in the fossil record of the 

Aegean region, being represented by the enigmatic Mauremys rueckerti, the extant Mauremys 

rivulata (Valenciennes, 1833), and Mauremys caspica (Gmelin, 1774), and several 

indeterminate forms of Mauremys (Malik and Nafiz 1933; Melentis 1966; Gad 1990; Schleich 

1994; Zwick and Schleich 1994; Staesche et al. 2007; Vlachos et al. 2015b; Georgalis et al. 

2016c [Appendix 6]; Vlachos and Delfino 2016; Vlachos and Tsoukala 2016). Mauremys 

rueckerti is a rather bizarre taxon, known only from a single locality, the late Oligocene or 

early Miocene Küçükdoğanca Köyü in Edirne region (Schleich 1994). If the herein proposed 

generic attribution of this species to Mauremys is correct, then it represents one of the earliest 

known occurrences of that genus. The extant species Mauremys rivulata, which is widely 

distributed in the Balkans and Anatolia today, is found in the fossil record of the Aegean 

region with confidence only in the Quaternary of two localities in Peloponnese and southern 

Anatolia (Melentis 1966; Zwick and Schleich 1994; Vlachos and Delfino 2016). The presence 

of Mauremys caspica in the fossil record has not been confirmed with certainty, with 

purported records from Greece (e.g., Melentis 1966) in fact representing the above-mentioned 

M. rivulata. Otherwise, there are plenty of fossil specimens from different localities in both 

Greece and Turkey, spanning between the middle Miocene and the late Pliocene, that pertain 

to indeterminate members of Mauremys (Malik and Nafiz 1933; Gad 1990; Staesche et al. 

2007; Vlachos et al. 2015b; Georgalis et al. 2016c [Appendix 6]; Vlachos and Tsoukala 

2016). Due to the incompleteness of the material, however, it is not possible to assess whether 

they represent multiple distinct species within Mauremys or are members of a single lineage. 

So far, no other fossil geoemydid genera have been described from the Aegean region, as is 

the case with other Eastern European regions, where, apart from Mauremys, other lineages 

have been described (e.g., the extant Melanochelys Gray, 1869, and the extinct Sakya 

Bogachev, 1960). In any case, geoemydids achieved a wide distribution in the Aegean region 

becoming one of the most prominent turtle clades in the area during the Neogene and 

Quaternary. Testudinidae consist by far the most abundant fossil turtles from the Aegean 

region (Georgalis and Kear 2013). This clade is also diverse in the extant herpetofauna of 

Greece and Turkey, especially depending the actual taxonomic content within the Testudo 

graeca species complex or the distinctive validity or not of the supposedly Peloponnese dwarf 

endemic taxon Testudo weissingeri Bour, 1995 (e.g., Bour 1995; Perälä 2002; Fritz et al. 

2005; Lapparent de Broin et al. 2006a, 2006b, 2006c; Parham et al. 2006; Fritz and Havaš 

2007). Aegean testudinids first appear at a relatively younger stage (middle Miocene [MN 5]) 

in comparison to the other previously mentioned turtle clades, but since then they have an 

almost continuous presence in the fossil record of the area. Two monophyletic lineages can be 

distinguished: small-sized forms belonging to the genus Testudo and large-sized ones 

pertaining to Titanochelon. The oldest confirmed occurrence of Testudo is documented in the 

middle Miocene (MN 5) of Thymiana, in Chios Island. Although the already described 

material has not been properly analyzed in order to evaluate its alpha taxonomy, distinct taxa 

have been identified or even named in the Neogene of the region. Testudo marmorum is the 

first described fossil tortoise from the region (Gaudry 1862a, 1862b, 1862–1867) and 

furthermore, its late Miocene (MN 12) age renders it as the stratigraphically oldest species of 

the Testudo sensu stricto lineage (Georgalis and Kear 2013; Vlachos and Rabi 2018). Rather 

similar or even conspecific forms have been recovered from slightly older (MN 11) sediments 

in Kücükçekmece, near Istanbul, and Nikiti-2, near Thessaloniki (Malik and Nafiz 1933; 

Garcia et al. 2016). The extant taxon Testudo graeca is confidently known from the Latest 

Pleistocene or early Holocene of the Karain Cave, Antalya (Zwick and Schleich 1994), 
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although this lineage dates back to the latest Miocene, as is suggested by a strongly similar 

specimen from Platania in northern Greece (Testudo cf. graeca of Vlachos and Tsoukala 

2014). Other, rather similar or even conspecific specimens are also known from the latest 

Miocene or earliest Pliocene of Allatini, near Thessaloniki (Testudo amiatae of Campana 

1917; Vlachos et al. 2015b), the Pliocene of Megalo Emvolon, also near Thessaloniki 

(Bachmayer et al. 1980), and the early Pleistocene of Lesvos (Testudo sp. of De Vos et al. 

2002; Testudo cf. graeca ibera of Lapparent de Broin 2002). Staesche et al. (2007) described 

several specimens from middle and late Miocene localities from Anatolia as Testudo cf. 

graeca. All of these specimens, however, are incomplete and although they provide a slight 

hint that the T. graeca lineage existed in the region already by the middle Miocene, their exact 

affinities cannot be reliably evaluated. A second taxon that still occurs in the area, Testudo 

hermanni Gmelin, 1789, is practically absent from the Aegean fossil record, with the 

exception of recently described, referred material from the late Quaternary of Peloponnese 

(Vlachos and Delfino 2016). Europe’s largest extant testudinid taxon, Testudo marginata, 

currently distributed ony in Greece, Albania, and historically introduced to Sardinia, is also 

respresented in the Aegean fossil record, denoting though a much wider range during the 

Quaternary (Georgalis and Kear 2013). In fact, the sole known mainland occurrences of T. 

marginata are known from the early Pleistocene of Makriyialos locality in Peloponnese 

(Schleich 1982), well within the range of the extant populations, whereas an additional 

incomplete specimen from Xerias, Eastern Macedonia, originally described as indeterminate 

species of Testudo (Tsoukala et al. 2011), was eventually referred to T. marginata (Vlachos 

and Tsoukala 2016). Interestingly, however, the majority of remains and the most complete 

material attributed to T. marginata has been recovered from the islands of Crete and Tilos 

(Georgalis and Kear 2013). The Cretan material consists of nicely preserved specimens from 

a number of Late Pleistocene caves across the island that were considered to represent a 

supposedly endemic subspecies, Testudo marginata cretensis (Bachmayer et al. 1975; 

Kotsakis 1977). The Tilos island finds originate from Charkadio cave and appear to be of 

more controversial affinities, as they are solely represented by appendicular remains 

(Bachmayer and Symeonidis 1975), thus providing no actual diagnostic traits for species 

determination. Whatever the exact identity of the Tilos finds may be, it is apparent that 

Testudo marginata achieved a much wider distribution in the immediate past, managing to 

colonize even the distant island of Crete. It is, however, yet unclear how T. marginata reached 

Crete. One scenario suggests a marine dispersal from southern Peloponnese to Crete during 

the Pleistocene, as tortoises are known to have successfully colonized distant oceanic islands 

(Rhodin et al. 2015). Alternatively, a possible land bridge may have existed between the areas 

of Peloponnese and Crete at around the culmination of the Glacial events during the 

Pleistocene. A further scenario involves a much older dispersal during the Miocene when 

Peloponnese and Crete were united, however, this is incogruent with the fossil record of both 

continental and insular Testudo marginata, which are confined to the Pleistocene. A closely 

similar species, Testudo brevitesta, was recently described from the late Pliocene of Milia in 

Western Macedonia (Vlachos and Tsoukala 2016). Accordingly, strong affinities of T. 

brevitesta and T. marginata are further supported by a phylogenetic analysis, confirming a 

wider expansion of that lineage in the southern Balkans in the late Neogene (Vlachos and 

Tsoukala 2016). The large to giant-sized tortoises constitute among the most impressive fossil 

finds from the Aegean region (Georgalis and Kear 2013). Initially regarded as belonging to 

the wastebasket genus Testudo (Arambourg and Piveteau 1929; Szalai 1931; Bachmayer 

1967; Bachmayer and Symeonidis 1976), then subsequently considered members of the 

wastebasket genus Cheirogaster (Lapperent de Broin 2002; Staesche et al. 2007; Georgalis 

and Kear 2013; Vlachos et al. 2014), they were subsequently referred to Titanochelon by 

Pérez-García and Vlachos (2014). At least two distinct species are known from the Aegean 
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region, namely Titanochelon schafferi and T. bacharidisi, plus several probably related but 

unnamed forms (Szalai 1931; Georgalis and Kear 2013; Vlachos et al. 2014). Titanochelon 

schafferi is by far the largest and is known with confidence exclusively from its late Miocene 

(MN 12) type locality in Samos (Szalai 1931), whereas additional, similar forms have been 

provisionally referred to the same taxon from the Neogene of Attica and Central Macedonia 

(Arambourg and Piveteau 1929; Bachmayer 1967; Bachmayer and Symeonidis 1976). 

Interestingly, fragmentary remains of a huge tortoise from the early Pleistocene of Lesvos 

were subsequently tentatively referred to this taxon, as cf. Cheirogaster aff. schafferi by 

Lapparent de Broin (2002). Whether all of these Neogene and early Quaternary giant tortoises 

truely belong to Titanochelon schafferi or multiple distinct species were present in the area 

remains yet to be found on the light of new fossil evidence and a comprehensive analysis. 

Titanochelon bacharidisi is a large-sized tortoise, though smaller than T. schafferi and is 

based on rather complete material from the Pliocene of Central Macedonia (Vlachos et al. 

2014). The Turkish material of large testudinids is, so far, less complete and understood, 

although specimens are known already for more than eighty years (Malik and Nafiz 1933). 

Staesche et al. (2007) described relatively nicely preserved carapacial, plastral, and 

appendicular remains of giant testudinids from the middle and late Miocene of Anatolia 

which they tentatively attributed to the Spanish taxon Titanochelon (their Cheirogaster) 

bolivari. I consider the resemblance of these Anatolian forms with Titanochelon bolivari 

(Hernández-Pacheco, 1917) to be only superficial and not to reflect taxonomic conspecificity. 

This Anatolian material is in need of a proper redescription under a modern phylogenetic 

perspective in order to clarify its exact affinities, but, nevertheless, it clearly attests the 

presence of giant tortoises in the Aegean region already by the middle Miocene. For the time 

being, I am treating the Anatolian material simply as Titanochelon sp. Other, indeterminate 

forms of Titanochelon are also known from Greece (Bachmayer et al. 1980; Vlachos and 

Tsoukala 2016), including large egg finds, which are probably attributable to that genus 

(Campana 1919; Mueller-Töwe et al. 2011). Lastly, the remains of indeterminate turtles from 

the late Oligocene/early Miocene of Küçükdoğanca Köyü (Edirne) (Schleich 1994) and the 

early Miocene of Karydia (Eastern Macedonia and Thrace) and Aliveri (Euboea Island) 

(Georgalis et al. 2018c [Appendix 11]) are too fragmentary to permit any further 

identification, but attest a wide presence of turtles in the Aegean region already by the late 

Paleogene and early Neogene. 

 Crocodylians are currently absent from the herpetofauna of the Aegean region. Their 

fossil record in the area is rather poor, consisting exclusively of isolated teeth from only four 

Oligo-Miocene localities, whereas crocodyliforms lying outside the crown crododylians have 

also been recently described from the Early Cretaceous of Anatolia (Jouve et al. 2017). The 

earliest Cenozoic record is the material described from the Oligocene or early Miocene of 

Küçükdoğanca Köyü in Edirne (Schleich 1994), followed by similar finds in the early 

Miocene of Lapsarna in Lesvos (Vasileiadou et al. 2017) and Aliveri in Euboea (Georgalis et 

al. 2018c [Appendix 11]), all confirming that crocodylians had a wide distribution in the area 

during the late Paleogene and early Neogene. After a long paucity of crocodylian remains, 

their youngest occurrence in the Aegean region is recorded from the late Miocene (MN 9) of 

Plakias in Crete (Georgalis et al. 2016c [Appendix 6]). It is yet unclear whether these last 

crocodylians from Crete represent relics of the same early Neogene lineage(s) or they simply 

managed to eventually disperse to Crete from nearby North Africa (Georgalis et al. 2016c 

[Appendix 6]), as was previously also suggested for coeval southern Italian material (Delfino 

et al. 2007). In any case, the final demise and extinction of crocodylians from the Aegean 

region during the late Miocene coincides with the similar pattern observed for that reptile 

clade in other parts of Mediterranean Europe (Delfino and Rook 2008; Delfino and Rossi 

2013; Georgalis et al. 2016c [Appendix 6]). 
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 The Aegean region is a diversity hotspot for Eurasian squamates (i.e, lizards, 

amphisbaenians, and snakes) with 75 different taxa present in the area (Appendix III). Lizards 

and amphisbaenians are abundant, being represented by gekkotans, chamaeleonids, agamids, 

lacertids, scincids, anguids, and blanids (Sindaco et al. 2000, 2013; Sindaco and Jeremčenko 

2008) (Appendix III). Snakes are also quite diverse and are represented by scolecophidians, 

erycids, colubrids, and viperids (Appendix III). Fossil specimens from various Aegean 

localities confirm the presence of almost all (gekkotans and probably scincids excluded) of 

these squamate clades in the area, in addition to the now locally extinct cordylids, varanids, 

and pythonids (Figure 19). However, fossil lizard and snake remains from the Aegean region 

are not abundant and only relatively few localities have yielded fossil squamates (Table 1; 

Appendix II). This is likely due the often-small size of lizard and snake specimens, but also 

the small amount of attention that squamate palaeontology has received in this part of the 

Mediterranean. It is characteristic that a large number of fossil squamates have only been 

recently identified, despite the fact that important specimens had already been recovered by 

the 19th century (Owen 1857; Römer 1870; Weithofer 1888). Being widely distributed 

throughout the Aegean and represented by two distinct families (Gekkonidae and 

Phyllodactylidae), gekkotans have never been recovered in the region’s fossil record. 

However, this certainly does not reflect a real absence of that group, as these tiny lizards are 

present in the Cenozoic of Western and Central Europe and are overall poorly represented in 

the global fossil record due to their extremelly small size and fragile skeletons that are only 

rarely fossilized or recovered (Daza et al. 2014). Chamaeleonids are currently distributed in 

the Aegean region with two species, Chamaeleo chamaeleon (Linnaeus, 1758) and 

Chamaeleo africanus Laurenti, 1768, with the latter probably being the product of human 

translocation from North Africa during the historic times (Dimaki et al. 2008). Chamaeleonids 

are among the rarest lizards in the Aegean fossil record, as they are exclusively known by 

three specimens representing cranial material from the early Miocene (MN 4) of Aliveri in 

Euboea Island (Central Greece) (Georgalis et al. 2016b [Appendix 5]). The best preserved 

specimen (a skull roofing bone) from Aliveri was referred to the otherwise Czech species 

Chamaeleo cf. andrusovi and the other two specimens (tooth bearing bones) could be only 

identified as indeterminate chamaeleonids, although a conspecific status with the former 

specimen seemed probable (Georgalis et al. 2016b [Appendix 5]). On the basis of this 

material and its probable affinities with the Czech species Chamaeleo andrusovi Čerňanský, 

2010, Georgalis et al. (2016b) suggested possible dispersal scenaria for chamaeleonids 

(Appendix 5). According to the most probable scenario, chamaeleonids dispersed from 

Africa to Europe via the “Gomphotherium Landbridge” and used the pathway towards 

Anatolia and Greece before subsequently colonizing and prospering in Central Europe 

(Georgalis et al. 2016b [Appendix 5]). With the limited available material at hand, it is 

difficult to make inferences about the evolutionary patterns of the Aegean Neogene 

chamaeleonids. Nevertheless, the resemblance of the Aliveri material with the Czech form 

rather than with Chamaeleo chamaeleon probably denotes that Neogene chamaeleonids were 

a short living lineage in the area which eventually became extinct and that the extant lineage 

dispersed much later to the Aegean region. Agamids are also poorly represented in the fossil 

record of Greece and Turkey, being known solely by material from the latest Miocene / 

earliest Pliocene of Maramena (Central Macedonia) (Richter 1995) and the late Quaternary of 

Karain Cave (Antalya) (Zwick and Schleich 1994). It is worth noting that Delfino et al. 

(2008) listed additional fossil agamids from several other Miocene and Pliocene localities 

from Greece, however, these lacked any kind of figures or/and descriptions and as such, they 

are not taken into consideration here. In fact, one of these supposed occurrences (from the 

Ano Metochi locality) has recently turned out to pertain to fish (Georgalis et al. 2017a 
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[Appendix 7]). In any case, affinities of the Maramena and Karain fossil specimens with the 

extant widespread Stellagama stellio 

 

 
Figure 19. Phylogenetic relationships of squamates after Pyron et al. (2013). Rectangles indicate the 

clades that have been recovered as fossil from the Aegean region. Numbers in brackets correspond to 

photographs of selected extant representatives from each clade. Photographs: (1), (5), (10), (12) from 

Wikipedia; (2), (3), (4), (6), (7), (9), (11), (13) from Ilias Strachinis archive; (8) by me. 

 

(Linnaeus, 1758) cannot be verified due to the insufficient knowledge of the skeletal anatomy 

of modern agamids (e.g., Delfino et al. 2008; Villa et al. 2017), although it seems probable for 
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the latter material on the basis of a stratigraphic rationale. However, apart from Stellagama, 

certain other agamid genera (Paralaudakia Baig et al., 2012, Phrynocephalus Kaup, 1825, 

and Trapelus Cuvier, 1817) currently inhabit eastern Anatolia, so it cannot be excluded that 

any of these lineages had a wider range during the earlier parts of the Quaternary. 

Nevertheless, affinities of the Maramena and Karain Cave specimens with Phrynocephalus 

and Trapelus can be tentatively excluded, as the cranial anatomy of these genera is relatively 

well known (e.g., Ananjeva 1986, 1998; Fathinia et al. 2011), at least for agamid standards, 

and seem to be quite distinct. The precise taxonomic identification of the Maramena material 

is further complexing, as agamids were quite abundant during the Miocene of Europe 

(Delfino et al. 2008), and thus it could represent a distinct, now extinct lineage or also belong 

to some African or Asian lineages. Nevertheless, the presence of agamids in the Neogene of 

continental Greece is interesting, especially considering that the extant populations of 

Stellagama stellio have a rather patchy and sporadic distribution in the mainland of Greece 

and it is as yet unclear whether they represent relics of a wider past distribution or simply 

products of anthropogenic transportation during antiquity (Valakos et al. 2008). It is further 

worth noting that the large-sized agamid Uromastyx Merrem, 1820, has been purportedly 

reported from the Aegean region (Mangilli 1980). This record is based on a single, non-

figured tibia from the Late Pleistocene of Simonelli Cave in Crete, which Mangilli (1980) 

referred to the extant Uromastix (sic) spinipes (Daudin, 1802), a species currently considered 

to be a junior synonym of the widely distributed Middle East taxon Uromastyx aegyptia 

(Forskål, 1775) (Wilms et al. 2009). With the original publication of Mangilli (1980) 

containing only a rather brief and generalized description and no figures, the currently 

unknown whereabouts of the single known tibia, and the fact that appendicular lizard remains 

usually offer no important taxonomic information, Georgalis et al. (2016b [Appendix 5]) 

discarded affinities of the Cretan specimen with Uromastyx, considering it instead as a 

probable large-sized lacertid. I herein follow this opinion and disregard the presence of 

Uromastyx from the Aegean fossil record. Lacertids are currently the most speciose and 

abundant clade of lizards in the Aegean region, being dominant in both continental and 

insular faunas (Sindaco et al. 2000, 2013; Sindaco and Jeremčenko 2008; Valakos et al. 

2008). Their earliest record in the Aegean region is marked by probable remains from the 

early Miocene (?MN 3) of Lapsarna (Lesvos) (Vasileiadou et al. 2017), but they are 

confidently identified only from the early Miocene (MN 4) of Aliveri and Karydia (Georgalis 

et al. 2018c [Appendix 11]). Lacertids are further identified in late Miocene, Pliocene, and 

Quaternary sediments across the Aegean region, but all consist of indeterminate specimens. 

The only lacertid material that has been identified beyond the family level, are remains 

probably attributable to Lacerta Linnaeus, 1758, from both the late Neogene and the 

Quaternary of Turkey (Zwick and Schleich 1994; Sen et al. 2017), and a fragmentary dentary 

from the Late Pleistocene of Crete, tentatively referred by Kotsakis (1977) to the extant 

Podarcis erhardii (Bedriaga, 1882). An unexpected lizard clade for the late Neogene of 

Greece is Cordylidae, commonly known as girdled lizards. Georgalis et al. (2017a) recently 

described fossil cordylids from the late Miocene (MN 13) of Ano Metochi (Central 

Macedonia), whereas they also reidentified a previously reported indeterminate scincoid from 

the nearby locality of Maramena (MN 14/15) (Richter 1995) as belonging to the same clade 

(Appendix 7). Considering that the previously described youngest occurrence of cordylids in 

Europe was only in the middle Miocene (MN 5), the unexpected occurrences of this lizard 

clade in the latest Miocene / earliest Pliocene of northern Greece imply a much longer 

survival and a significantly later extinction (Georgalis et al. 2017a [Appendix 7]). Scincid 

fossils are practically absent from the Aegean region, despite the fact that modern 

representatives of that clade are common in both Greece and Turkey and are relatively 

diverse, being represented by five distinct lineages (Ablepharus Fitzinger, 1824, Chalcides 
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Laurenti, 1768, Eumeces Wiegmann, 1834, Heremites Gray, 1845, and Ophiomorus Duméril 

and Bibron, 1839) (Sindaco et al. 2000, 2013; Kumlutas et al. 2007; Sindaco and Jeremčenko 

2008; Valakos et al. 2008; Karin et al. 2016). Their fossil remains have only been identified 

on the basis of a single humerus from the Pliocene of Çalta (Ankara) (Rage and Sen 1976), 

which, however, was never figured. I tentatively consider this specimen as an indeterminate 

scincomorph, along with other early Miocene (MN 4) cranial remains from Aliveri and 

Karydia (Georgalis et al. 2018c [Appendix 11]). The purported occurrence of Ablepharus 

kitaibelii (Bibron and Bory de Saint-Vincent, 1833) from the Late Pleistocene or Holocene of 

Vraona Cave made by Rauscher (1994) was not accompanied by any figure so it cannot be 

substantiated. Fossil anguids are abundant in the fossil record of the Aegean region and in 

fact, they represent the only reptile clade in the area for which a practically continuous fossil 

record exists from the Oligocene onwards (Figure 20). All their remains can be attributed to 

Anguinae, with not a single glyptosaurine find so far recovered from the Paleogene of the 

 

 
Figure 20. The stratigraphic and taxonomic distribution of reptiles in the Aegean region. Black colour 

for turtles, green for crocodylians, red for lizards and amphisbaenians, and blue for snakes. Current 

presence in the area of the respective clades are also indicated. 
 

area. Anguis Linnaeus, 1758 and Pseudopus Merrem, 1820 are currently widespread in the 

extant herpetofauna of the Aegean region and have been identified in the fossil record of the 

area as well. Fossils of Anguis have only been recovered from two middle and late Miocene 

Anatolian localities, namely Bağiçi (MN 7/8) and Süleymanli (MN 13) (Čerňanský et al. 

2017). Curiously, there is a paucity of Anguis fossil remains in the Pliocene and the 

Quaternary, but this absence is probably a taphonomic or a collection-bias, as this genus is 

currently widespread and relatively diverse in modern faunas of the area (Sindaco and 

Jeremčenko 2008; Gvoždík et al. 2010; Sindaco et al. 2013). The extant species Pseudopus 

apodus (Pallas, 1775) has been tentatively identified in the Middle Pleistocene of Emirkaya-2 

(Venczel and Sen 1994), whereas other, indeterminate remains of Pseudopus have also been 

described from the Pliocene of Çalta (Rage and Sen 1976) and the Late Quaternary of Karain 

Cave (Zwick and Schleich 1994). The most common anguine, however, in the Aegean fossil 

record is Ophisaurus (sensu lato), which currently does not inhabit Europe or western Asia. 

Fossils of Ophisaurus Daudin, 1803, in the area are first described from the late Oligocene or 

early Miocene (MP 30–MN 1) of Kargi 2, with several other remains found across the 

Miocene of both Turkey and Greece (Čerňanský et al. 2017; Georgalis et al. 2017a, 2018c 
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[Appendices 7, 11]). The last occurrence of Ophisaurus in the area is almost simultaneously 

recorded in the late Miocene (MN 13) of Ano Metochi and Süleymanli, and this is further 

relatively concordant with the general post-Miocene demise of that genus in Europe (Rage 

2013). Besides the above identifiable genera, there are plenty of remains from the Oligocene 

and throughout the Neogene of Turkey and Greece that can only be attributed to 

indeterminate anguines (Čerňanský et al. 2017; Sen et al. 2017; Georgalis et al. 2017a, 2018b, 

2018c [Appendices 7, 10, 11]). Most importantly, the anguines from the late Oligocene 

localities of Kocayarma and Kavakdere, both in the European part of Turkey, are the so far 

oldest lizard remains from the Aegean region (Čerňanský et al. 2017). Although represented 

only by isolated osteoderms, these finds from the two latter localities clearly document the 

presence of anguines in the late Paleogene of southeastern Europe (Čerňanský et al. 2017). 

Varanids are infrequent fossil components of the Neogene and Quaternary of the Aegean 

region and they are all assigned to the genus Varanus Merrem, 1820, although their exact 

alpha level taxonomy remains at a state of flux (Georgalis et al. 2018b [Appendix 10]). 

Varanids first appear relatively late in the Aegean fossil record in comparison with their 

respective early Miocene appearance in Western and Central Europe (Roger 1898, 1900; 

Hoffstetter 1943, 1969; Delfino et al. 2013). Characteristically, their oldest Aegean record has 

been only recently described from the late Miocene (MN 10) of Ravin de la Pluie (Central 

Macedonia) (Georgalis et al. 2018b [Appendix 10]). The few other records have been found 

only in the late Miocene (MN 12) of Pikermi and Samos (Gaudry 1862a, 1862b, 1862–1867; 

Weithofer 1888; Conrad et al. 2012), the Pliocene of Çeştepe (MN 14) and Çalta (MN 15) 

(Rage and Sen 1976; Sen et al. 2017), and the final one in the Middle Pleistocene of 

Tourkobounia 5, near Athens, the latter marking the youngest varanid from all over Europe 

(Georgalis et al. 2017b [Appendix 8]). In any case, most of the Aegean material consists of 

isolated vertebrae, which offer no further taxonomic insight (Georgalis et al. 2018b 

[Appendix 10]), whereas cranial material is only known from Pikermi, Samos, and 

Tourkobounia 5. As was mentioned above, the exact affinities of the Aegean varanids are 

clouded by a lack of a modern and comprehensive redescription of the type material of 

Varanus marathonensis from the late Miocene of Pikermi. Pending this, I cannot draw further 

conclusions about the species level diversity of the Aegean varanids, although it seems 

probable that at least two distinct taxa were present during the late Neogene. Amphisbaenians 

are today present in western and southern Anatolia and several adjacent Eastern Aegean 

Islands in the form of Blanus strauchi (Bedriaga, 1884) (Sindaco et al. 2014), but their fossil 

record denotes a much wider Neogene distribution with material from central Anatolia and 

Crete (Rage and Sen 1976; Georgalis et al. 2016c, 2018a [Appendices 6, 9]). However, their 

fossil material is extremely poor and up to recently consisted only of isolated vertebrae from 

the late Miocene (MN 9) of Plakias (Crete) and Çalta (Ankara), which are totally insufficient 

for species discrimination (Estes 1983; Georgalis et al. 2016c [Appendix 6]). As such, 

although on the basis of a biogeographic rationale they too could belong to the Blanus 

strauchi complex, this assignment cannot be supported by anatomical data. Only the recently 

described middle Miocene (MN 7/8) cranial material from Gebeceler (Afyon), which 

demonstrates a rather strong resemblance with the extant Anatolian amphisbaenians can be 

securely attributed to the Blanus strauchi complex (Georgalis et al. 2018a [Appendix 9]). 

 Scolecophidia, commonly known as worm snakes, are currently represented in the 

Aegean region by Typhlopidae (genus Xerotyphlops Hedges et al., 2014), whereas another 

typhlopid genus (Letheobia Cope, 1869) and another distinct scolecophidian, family, 

Leptotyphlopidae (genus Myriopholis Hedges, Adalsteinsson, and Branch in Adalsteinsson et 

al., 2009), are also present in Eastern Anatolia (Sindaco et al. 2000, 2013; Franzen and 

Wallach 2002; Sindaco and Jeremčenko 2008; Valakos et al. 2008). Due to their extremely 

small size, fossil scolecophidians are only rarely found and poorly represented at a global 
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scale (Mead 2013). Furthermore, whereas the characteristic vertebral anatomy of 

scolecophidians, with the dorsoventrally compressed vertebrae with no neural spines and 

haemal keel, renders them as readily identifiable, a more precise attribution even at the family 

level appears to be extremely challenging (Rage 1984b; Szyndlar 1991a; Georgalis et al. 

2017a [Appendix 7]). This is rather frustrating considering that typhlopids and 

leptotyphlopids are believed to have diverged from each other already during the Mesozoic 

(Adalsteinsson et al. 2009; Vidal et al. 2009). As such, all fossil finds from the Aegean region 

can only be identified as indeterminate scolecophidians and the distinguishment of any 

biogeographic and evolutionary pattern in typhlopids and leptotyphlopids is currently 

impossible. Whatever their exact affinities within either typhlopids or leptotyphlopids may be, 

scolecophidian fossils are found in Neogene and Quaternary localities of both Greece and 

Turkey, with their oldest so far record recovered from the late Miocene (MN 13) of Ano 

Metochi (Georgalis et al. 2017a [Appendix 7]). Pythonids are thermophilic reptiles that are 

absent in the modern Aegean fauna. Their fossil record though is comprised of a single known 

specimen, the holotype of Python euboicus from the early Miocene (MN 3/4) of Kymi 

(Römer 1870), which is also the largest, most complete, and most spectacular fossil snake 

from the whole area (see above for a discussion of this species). Pythonids of the genus 

Python were relatively frequent components of European early and middle Miocene 

herpetofaunas (Szyndlar and Rage 2003). It is still unclear if this single known occurrence of 

pythonids in Greece reflects indeed the rareness of these snakes in the area or if it is simply 

due to collecting or taphonomic biases. Erycids are currently widely distributed in continental 

and insular faunas in the Aegean region by the single species Eryx jaculus (Linnaeus, 1758). 

Fossils attributable to that taxon have been confidently recovered from the Quaternary of 

Chios and Kos islands respectively (Schneider 1975; Szyndlar 1991a). However, older 

remains pertaining to the genus Eryx Daudin, 1803, do exist from the Pliocene of Central 

Anatolia, Rhodes, and northern Greece (Rage and Sen 1976; Szyndlar 1991a) and although 

they cannot be attributed precisely to the species level, they all confirm the presence of 

erycids in the area already by the late Neogene. Colubrids are the most speciose snake clade 

today. Molecular and external morphological data have allowed herpetologists to identify 

distinct, monophyletic clades within colubrids, which are also occasionally elevated to the 

family level, such as Natricidae and Psammophiidae (e.g., Kelly et al. 2008; Vidal et al. 

2009). On the other hand, with no reliable external morphology and molecular data, 

palaeoherpetologists have to usually rely only on skeletal anatomy. Therefore, in the case of 

colubrids, identifications and taxonomic attributions are mostly based on vertebral anatomy 

and, in rarer cases, on certain cranial features. According to the traditional and prevailing 

practice, colubrids are usually divided into “colubrines” and “natricines”, an identification 

mostly based on the presence or absence respectively of a hypapophysis throughout the mid- 

and posterior trunk vertebrae (Szyndlar 1984, 1991a, 1991b). However, it is worth noting that 

absence of a hypapophysis throughout the trunk vertebrae occurrs occasionally also in 

distantly related to colubrines snake clades, and as such, it should only be dealt with extreme 

caution (Dowling and Duellman 1978; Pyron et al. 2013; Head et al. 2016). Indeed, the 

provisional distinction of fossil colubrids into “colubrines” and “natricines” should be 

considered as tentative, a fact that was in any case already also admitted by Szyndlar (1984, 

1991a, 1991b, 2005). Accordingly, I am herein following this provisional taxonomic opinion 

by referring the Aegean fossil colubrid material into “colubrines” and “natricines”, with 

quotation marks denoting the uncertainty and probable paraphyletic status of these lineages. 

Characteristically, a common member of Psammophiidae in the Aegean region, the genus 

Malpolon Fitzinger, 1826, known also from fossil remains, is herein lumped into 

“colubrines”. So far, indeterminate vertebral remains attributed to that genus have been found 

in the late Pliocene of Tourkobounia 1 (Szyndlar 1991a), confirming the presence of this 
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lineage in the area already by the latest Neogene. Several other of the extant genera which 

currently inhabit the Aegean region are also present in the fossil record of the area. One of the 

largest-sized taxa, Dolichophis caspius (Gmelin, 1789) is known from the Middle Pleistocene 

of Emirkaya-2 (Venczel and Sen 1994), whereas the lineage of Dolichophis Gistel, 1868, 

seems to go back to the late Miocene (MN 13), judging from vertebral material from Ano 

Metochi in Central Macedonia (Georgalis et al. 2017a [Appendix 7]). Another large-sized 

taxon, Elaphe quatuorlineata (Lacépède, 1789), has been described from the Middle 

Pleistocene of Tourkobounia 2 (Szyndlar 1991a), whereas a similar or even conspecific form 

is also known from coeval strata in Emirkaya-2 (Venczel and Sen 1994). Material resembling 

the extant Hierophis gemonensis (Laurenti, 1768) has been also recovered from the Late 

Pleistocene of Bate Cave in Crete (Kotsakis 1977). A related, extinct form, Hierophis 

hungaricus (Bolkay, 1913), originally described from the late Miocene of Hungary, seems to 

have ranged to coeval northern Greece, judging from vertebral material from the late Miocene 

/ early Pliocene (MN 13/14) of Maramena. This material, originally described by Szyndlar 

(1995) as an indeterminate “colubrine” was subsequently suggested to be probably referrable 

to Hierophis hungaricus by Venczel (1998), a view that convinced Szyndlar (2005) himself. I 

am here referring the Maramena “colubrine” to Hierophis cf. hungaricus, thus extending to 

the south the geographic range of that snake species. Trunk vertebrae tentatively assigned to 

Telescopus Wagler, 1830, have only been found in the Middle Pleistocene of Emirkaya-2 

(Venczel and Sen 1994), whereas Zamenis situla (Linnaeus, 1758) was described from the 

coeval Tourkobounia 2 (Szyndlar 1991a). In addition to the above-mentioned described 

“colubrines”, there are plenty of others that were simply mentioned without any 

accompanying figure or description that would allow a reevaluation of that statement. Among 

these are material that was provisionally referred to Zamenis longissimus (Laurenti, 1768) and 

Coronella Laurenti, 1768, both on the basis of Middle Pleistocene material from 

Tourkobounia 2, near Athens (Szyndlar 1991a). Pending a comprehensive description and 

figuring of that material, I am here not reproducing these statements and consider both Z. 

longissimus and Coronella as currently absent from the Aegean fossil record, although they 

are both frequent components of modern faunas of the area. Indeterminate “colubrine” finds 

do also occur in both sides of the Aegean, spanning from the late Miocene (MN 10) to the 

Late Quaternary (Venczel and Sen 1994; Zwick and Schleich 1994; Schneider 1975; 

Georgalis et al. 2017a, 2018b [Appendices 7, 10]). “Natricines” are less common in 

comparison with “colubrines,” in terms of both diversity and abundance. Both extant Aegean 

species, Natrix natrix (Linnaeus, 1758) and Natrix tessellata (Laurenti, 1768), have been 

tentatively described as fossils from Greece and Turkey, on the basis of incomplete and, 

admittedly, scant remains that are strictly confined between the Middle and the Late 

Pleistocene (Szyndlar 1991b; Venczel and Sen 1994). Nevertheless, the lineage of the genus 

Natrix Laurenti, 1768, in the Aegean region extends as far back as the late Miocene (MN 13), 

judging from both cranial and vertebral material from Ano Metochi in Central Macedonia 

(Georgalis et al. 2017a [Appendix 7]). Other, indeterminate occurrences of “natricines” are 

also known from the Neogene and Quaternary of the Aegean region (Schneider 1975; 

Szyndlar 1991b, 1995; Hoek Ostende et al. 2015; Georgalis et al. 2016c [Appendix 6]), 

extending probably as far back as the early Miocene (?MN 3) of Lapsarna in Lesvos 

(Vasileiadou et al. 2017). Beyond all these “colubrines” and “natricines,” there also appears to 

be a unique and bizarre colubrid that cannot be confidently attributed to either of these clades. 

This colubrid, based on few fragmentary vertebrae from the early Miocene (MN 4) of Karydia 

and maybe also Aliveri, is characterized by unique features, above all, a vertebral structure, 

named the “paracentral ridge” that has not been observed in any other extinct or extant snake 

(Georgalis et al. 2018c [Appendix 11]). It seems thus probable that this early Miocene Greek 

colubrid belongs to a now extinct lineage that was geographically and stratigraphically 
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confined, though this can be only speculative judging from the current fragmentary evidence. 

Elapids are not components of modern Aegean herpetofauna, though they are represented 

locally as fossils by large-sized cobras from few Miocene and Pliocene localities in Greece 

and Turkey (Rage and Sen 1976; Szyndlar and Zerova 1990; Szyndlar 1991b, 1995; Georgalis 

et al. 2018b [Appendix 10]). This elapid material consists only of incomplete vertebrae and 

can be assigned solely to the genus level (Naja sp.). The only exception is the so far oldest 

Aegean elapid, recovered from the late Miocene (MN 10) of Ravin de la Pluie, which was 

tentatively referred to the widespread European Neogene species Naja romani (Hoffstetter, 

1939) (Georgalis et al. 2018b [Appendix 10]). Extant viperids are diverse across both sides of 

the Aegean, including also insular endemics (Sindaco and Jeremčenko 2008; Valakos et al. 

2008; Sindaco et al. 2013; Georgalis et al. 2016a [Appendix 4]). Although morphological and 

molecular evidence have been applied in the past three decades in order to split modern 

genera into distinct monophyletic lineages (e.g., Nilson and Andrén 1986; Herrmann et al. 

1992; Nilson et al. 1999; Lenk et al. 2001; Mallow et al. 2003; Wüster et al. 2008), this luxury 

is not provided to palaeoherpetologists who mostly have to work with isolated vertebrae. As 

such, fossil viperids from Europe have been usually provisionally divided into informal 

groups, with the smaller ones representing the “European vipers” complex (comprising the 

“Vipera berus” and “Vipera ammodytes” complexes) and the larger ones the “Oriental vipers” 

complex (comprising the extant genera Macrovipera Reuss, 1927, and Montivipera Nilson et 

al., 1999), with both complexes being mostly differentiated on the basis of vertebral structurar 

characteristics (Szyndlar 1984, 1991b; Szyndlar and Rage 1999, 2002; Georgalis et al. 2016a 

[Appendix 4]; Stümpel et al. 2016). Notable exceptions to this general informal rule are a 

crotaline from the late Miocene (MN 9) of Ukraine, whose cranial remains allowed a clear 

referral outside Viperinae (Ivanov 1999), and the gigantic Laophis crotaloides which cannot 

be confidently referred to a more precise subclade within viperids (Georgalis et al. 2016a 

[Appendix 4]). In any case, Laophis crotaloides (see the respective entry above for more 

detailed information about this species), known only from its type locality, confirms the 

presence of giant viperids in the Aegean region during the Neogene (Owen 1857; Georgalis et 

al. 2016a [Appendix 4]). Large viperids, belonging to the “Oriental vipers” complex, though 

significantly smaller than L. crotaloides, have been sporadically identified across the Neogene 

and Quaternary of Greece and Turkey (Schneider 1975; Venczel and Sen 1994; Szyndlar 

1991b, 1995), confirming a wider range for these snakes in the preceding epochs. 

Assignement of fossil “Oriental Vipers” to the genus level is almost impossible, as distinction 

among the vertebrae of extant Macrovipera and Montivipera, is rather difficult due to the fact 

that their vertebrae are considered to be relatively similar (Szyndlar and Rage 1999). On the 

other hand, Codrea et al. (2017) argued that the identification of Macrovipera and 

Montivipera vertebrae could be feasible. However, these authors provided no characters for 

Montivipera, except the fact that its vertebrae are usually smaller than Macrovipera, whereas 

the vertebral characters they provided for Macrovipera are in fact rather generalized for 

viperids (Codrea et al. 2017). In any case, distinctive features among vertebrae of 

Macrovipera and Montivipera seem to do indeed exist (pers. observ.), but pending a detailed 

and comprehensive analysis of their vertebral anatomy, I provisionally follow previous 

workers and assign all European fossil occurrences of large-sized viperids to the “Oriental 

Vipers” complex. This taxonomic uncertainty about the alpha taxonomy of fossil “Oriental 

Vipers” further hinders an understanding of the biogeography and evolutionary patterns of 

these large snakes, especially considering that divergence dates on the basis of molecular data 

between Macrovipera and Montivipera suggest that the two lineages diversified already by 

around the middle Miocene (Langhian) (Stümpel et al. 2016). Curiously, although they 

constitute common elements of the extant Aegean snake faunas, no confirmed fossil material 

of the smaller taxa belonging to the “Vipera ammodytes” and the “Vipera berus” complexes 
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has been described or figured from the area. It is worth noting though that their presence in 

the area has been preliminarily mentioned by Szyndlar (1991b), who notably also indicated 

the presence of the Vipera berus complex in the Greek islands, far outside the modern range 

of this group. In any case, without any figure or detailed description the latter Szyndlar’s 

(1991b) suggestion cannot be confirmed. Even if scarce, it seems that viperids appear 

relatively early in the Aegean fossil record, judging from their oldest occurrence in the area, 

an isolated fang from the early Miocene of Aliveri (Georgalis et al. 2018c [Appendix 11]). 

Aegean viperids seem to appear significanly later in comparison with Central and Western 

Europe, where that clade is already known by the earliest Miocene (MN 1) (Szyndlar and 

Rage 1999, 2002; Kuch et al. 2006), but this could well be simply attributed to misscollection 

or taphonomical reasons. 

 

New finds, recent advances, and future perspectives 

As was a general trend during the 19th century, the few early studies that dealt with fossil 

reptiles from the Aegean region during that time provided only minor descriptions, brief 

comparisons, and, sometimes, erroneous figures (Owen 1857; Gaudry 1862a, 1862b, 1862–

1867; Römer 1870; Weithofer 1888). Publications with brief descriptions and preliminary 

comparisons, though provided with better and more accurate figuring, due to the advance of 

technology, continued also through most of the 20th century (e.g., Arambourg and Piveteau 

1929; Szalai 1931; Malik and Nafiz 1933). A more analytical approach, along with 

quantitative analysis, currently offers new insights for palaeoherpetological studies. The 

scarceness of fossil reptile remains which have so far been recovered from the Aegean region 

unfortunately allows little room for extensive analytical approach. Nevertheless, the herein 

enclosed new studies of reptile finds [Appendices 1–11] offer important implications about 

the evolution of herpetofaunas in western Eurasia. 

 In order to better understand the evolution of Aegean reptiles, a comprehensive 

analysis and evaluation of their taxonomy and phylogenetic affinities is quintessential. This 

also neccessitates a more detailed anatomical study and comparisons with multiple taxa, not 

only from the Aegean region, but at a global scale. Species level taxonomy of certain 

vertebrate groups appears to be a rather puzzling and tantalizing case. The case of soft shelled 

turtles (Pan-Trionychidae) is a prominent such example, as the almost uniform anatomy of 

these reptiles has rendered their precise identification in the fossil record as a difficult task. A 

vast plethora of pan-trionychid species had been described from Europe and adjacent areas 

during the past two centuries, mostly defined on the basis of fragmentary material and 

extremely vague and widespread features, rendering as such their systematics at a state of flux 

(e.g., Hummel 1929, 1932; Kuhn 1964; Broin 1977; Karl 1999; Danilov 2005). By 

consequence, although pan-trionychids are ubiquitous elements of European Cenozoic faunas, 

their fossils offered so far almost no usage to biostratigraphy and evolutionary and 

biogeographic studies. A detailed analysis and taxonomic review of all known fossil pan-

trionychid taxa, presented in Appendix 1 (Georgalis and Joyce 2017), allows now a better 

reinterpetation of extinct members of this turtle clade and provides better evidence for their 

systematics and their distribution through time. Accordingly, this broad analysis refers to all 

Paleogene Aegean pan-trionychids as Pan-Trionychidae indet., whereas a more accurate 

attribution can be made for the Neogene ones, which are considered as Pan-Trionychinae 

indet. Additionally, the evolution of insular fossil pan-trionychids is aided through the study 

and revision of a particular taxon, Procyclanorbis sardus Portis, 1901b, from the late Miocene 

of Sardinia, which is the most complete soft shelled turtle taxon from the Mediterranean 

Islands, presented in Appendix 2 (Georgalis et al. 2017c). Of course, any attempt to study the 

taxonomy of any animal group necessitates the comprehension and clarification of the 

nomenclature surrounding its inclusive taxa. A rather complexing nomenclatural and 
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taxonomic case is presented in Appendix 3 (Georgalis 2017), where the rules of ICZN (1999) 

are applied to showcase the availability or not of zoological names. Accordingly, this applies 

also to even some important names in palaeoherpetological literature, as is the case of the 

Necrosaurus / Palaeovaranus nomina presented therein and furthermore, this has additional 

implications about correcting the appropriate type material and emendment of names of more 

inclusive clades. Therefore, these new results presented in Appendix 3 hightlight the urgent 

need for evaluating the nomenclature and appropriate type material before proceeding to 

further taxonomic or phylogenetic analysis and study. 

 Detailed descriptions and analyses of the herein new fossil reptiles from selected 

localities across the Aegean region (Appendices 4–11) provide clues about the evolution of 

herpetofaunas in the Cenozoic of Western Eurasia. New reptile clades were identified for the 

first time in the fossil record of the Aegean region, such as chamaeleonids, cordylids, and 

blanids (Georgalis et al. 2016b, 2017a, 2018a [Appendices 5, 7, 9]). Additionally, the 

geographic and stratigraphic distributions of the previously known reptile clades were now 

broadly expanded by the study of the new finds (Georgalis et al. 2016c, 2017a, 2017b, 2018a, 

2018b, 2018c [Appendices 6, 7, 8, 10, 11]). Furthermore, the new descriptions of cranial and 

poscranial remains from the new Aegean fossil reptiles adds to the knowledge of the anatomy 

and clarifies the interrelationships among Cenozoic western Eurasian reptiles. Besides the 

taxonomic and systematic importance of these new descriptions, these studies (Appendices 

4–11) are also essential for general biogeographic studies, biostratigraphy, and 

palaeoenvironmental and palaeoecological reconstructions of the Eastern Mediterranean. 

Faunal dispersal and extinction events which occurred during the Neogene and the Quaternary 

are now further supported by the new fossil reptiles from the Aegean region. Among the most 

important among these events, occurred during the early Miocene, when the collision of the 

Afro-Arabian plate with Eurasia enabled a large number of dispersals between the two 

continents, via the so called “Gomphotherium Landbridge”. So far, certain reptile groups 

(e.g., cordylids and chamaeleonids) from the early Miocene of Europe had been suggested to 

have dispersed using that landbridge from Africa to Europe (Čerňanský 2010, 2012; Rage 

2013), but the exact route they used was so far hindered by the absence of their finds in the 

Balkans and Anatolia. The recovery of several mammal groups with African affinities in the 

early Miocene of the Aegean provide clues about these dispersals and possible directions 

(Koufos et al. 2003, 2005). Now, the newly described chameleons from the early Miocene of 

Aliveri and the additional herpetofauna from that locality and that of Karydia provide 

substantial evidence that these first immigrants could probably have used Anatolia and the 

southern Balkans as their first steps towards Europe (Georgalis et al. 2016b, 2018c 

[Appendices 5, 11]). Extinction events of European reptiles are now better assessed through 

the new finds. It is characteristic that among the new Greek fossil reptiles are the youngest 

records of Cordylidae (late Miocene of Ano Metochi and Maramena; Georgalis et al. 2017a 

[Appendix 7]) and Varanidae (Middle Pleistocene of Tourkobounia 5; Georgalis et al. 2017b 

[Appendix 8]) from Europe. Also, the crocodylians from the late Miocene of Plakias are 

among the youngest occurrences of that clade from Europe as well (Georgalis et al. 2016c 

[Appendix 6]). The presence of cordylids and varanids in Greece at a much younger age than 

their European relatives implies a much later extinction date and that this geographic area 

served as a kind of a “refugium” for these reptile during different stages of the Neogene and 

the Quaternary. This is in further concordance with various extant reptile clades that currently 

persist in Greek and Anatolian herpetofaunas but are now totally absent from the rest of 

Europe (pan-trionychids, agamids, scolecophidians, and “Oriental vipers”) or at least have 

now become extinct from most parts of the continent (geoemydids, chamaeleonids, scincids, 

large anguids of the genus Pseudopus, blanids, and erycids) (Georgalis et al. 2016a, 2016b, 

2016c, 2017a, 2017b, 2017c, 2018a; Appendices 3–9). Moreover, the ectothermic nature and 
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ecological “sensitivity” of most reptile clades, render the new finds as ideal for 

palaeoenvironmental and palaeoclimatic reconstructions of the Aegean localities. As such, 

different climates and multiple landscapes with either warm, humid, dry, forested, savannah, 

or wetland environments were suggested for the localities of Aliveri, Ano Metochi, 

Gebeceler, Karydia, Megalo Emvolon, Plakias, Ravin de la Pluie, and Tourkobounia 5 

(Georgalis et al. 2016a, 2016b, 2016c, 2017a, 2017b, 2018a, 2018b, 2018c [Appendices 4–

11]). These localities were already relatively well dated on the basis of geological data and/or 

associated mammal fauna and as such, the new reptile finds do not provide alternative age 

estimations. Nevertheless, for localities that cannot be geologically accurately dated or have 

not yielded mammal finds, then fossil reptile provide the only meaningful means for a precise 

biostatigraphic determination. Finally, the discovery of what seems to be the largest-sized 

viperid snake among the new finds, the referred vertebra of Laophis crotaloides from the 

Pliocene of Megalo Emvolon (Georgalis et al. 2016a [Appendix 4]), offers the opportunity to 

study patterns of gigantism among animal clades and possible correlations with climatic 

conditions and palaeonvironmens, as was also done for other large snakes (e.g., Head et al. 

2009). 
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Appendix I.  
Number of studies dealing with fossil reptiles from the Aegean region (1857–today) 

 
1851–1860: 1 (Owen 1857) 

1861–1870: 4 (Gaudry 1862a, 1862b, 1862–1867; Römer 1870) 

1871–1880: 1 (Calvert and Neumayr 1880) 

1881–1890: 2 (Weithofer 1888; Lydekker 1889) 

1891–1900: 0 

1901–1910: 2 (Woodward 1901; Nopcsa 1908) 

1911–1920: 2 (Campana 1917, 1919) 

1921–1930: 1 (Arambourg and Piveteau 1929) 

1931–1940: 2 (Szalai 1931; Malik and Nafiz 1933) 

1941–1950: 0 

1951–1960: 1 (Paraskevaidis 1955) 

1961–1970: 5 (Paraskevaidis 1961; Rückert-Ülkümen 1963; Melentis 1966; Bachmayer 1967; 

Bachmayer and Symeonidis 1970) 

1971–1980: 12 (Lebküchner 1974; Bachmayer et al. 1975; Kuss 1975; Bachmayer and 

Symeonidis 1975, 1976; Schneider 1975; Staesche 1975; Rage and Sen 1976; Kotsakis 1977; 

Paicherer et al. 1978; Bachmayer et al. 1980; Mangili 1980) 

1981–1990: 4 (Schleich 1982; Tuna 1988; Gad 1990; Szyndlar and Zerova 1990) 

1991–2000: 9 (Szyndlar 1991a, 1991b, 1995; Schleich 1994; Venczel and Sen 1994; 

Rauscher 1995; Zwick and Schleich 1994; Richter 1995; Brinkering 1996) 

2001–2010: 3 (De Vos et al. 2002; Lapparent de Broin 2002; Staesche et al. 2007) 

2011–today: 24 (Mueller-Töwe et al. 2011; Tsoukala et al. 2011; Conrad et al. 2012; 

Georgalis et al. 2013; Georgalis and Kear 2013; Vlachos and Tsoukala 2014, 2016; Vlachos 

et al. 2014, 2015a, 2015b; Hoek Ostende et al. 2015; Garcia et al. 2016; Georgalis et al. 

2016a, 2016b, 2016c, 2017a, 2017b, 2018a, 2018b, 2018c; Vlachos and Delfino 2016; 

Čerňanský et al. 2017; Sen et al. 2017; Vasileiadou et al. 2017) 
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Appendix II.  
Detailed Taxon / Locality data for fossil Aegean reptiles. Material which has been simply 

mentioned, without any figure, description, or detailed collection number, is omitted. 

Abbreviations: TL, Type Locality of a valid species. 

 

1. Kocayarma (= Kocayarmalar), Edirne (TR), late Oligocene (MP 25): 

Anguidae Anguinae indet. (Čerňanský et al. 2017) 

2. Kavakdere, Edirne (TR), late Oligocene (MP 26/27): 

Anguidae Anguinae indet. (Čerňanský et al. 2017) 

3. Ibribey, Tekirdağ (TR), Oligocene: 

  Pan-Trionychidae indet.  (Trionix [sic] sp. of Lebküchner 1974) 

4. Kargi 2, Çorum (TR), late Oligocene–early Miocene (MP 30–MN 1): 

Anguidae Ophisaurus sp. (Čerňanský et al. 2017) 

Anguidae Anguinae indet. (Čerňanský et al. 2017) 

5. Küçükdoğanca Köyü (= Küçükdoğanaca Kökü), Edirne (TR), late Oligocene or early 

Miocene: 

Pan-Chelydridae Chelydropsis sp. (Schleich 1994) 

Geoemydidae Mauremys rueckerti (Palaeochelys rueckerti of Schleich 

1994; including type of Palaeochelys turcica Schleich, 1994, and 

material referred to Palaeochelys turcica by Schleich 1994) (TL) 

?Emydidae indet.   (Schleich 1994) 

Testudines indet.   (Schleich 1994) 

Crocodylia indet.  (?Diplocynodon sp. of Schleich 1994) 

6. Kargi 3, Çorum (TR), early Miocene (MN 1): 

  Anguidae Anguinae indet. (Čerňanský et al. 2017) 

7. Kılçak 3b, Ankara (TR), early Miocene (MN 1): 

  Anguidae Anguinae indet. (Čerňanský et al. 2017) 

8. Sabuncubeli, Manisa (TR), early Miocene (MN 3): 

  Anguidae Anguinae indet. (Čerňanský et al. 2017) 

9. Keseköy, Ankara (TR), early Miocene (MN 3): 

Anguidae Ophisaurus sp. (Čerňanský et al. 2017) 

Anguidae Anguinae indet. (Čerňanský et al. 2017) 

10. Lapsarna, Lesvos (GR), early Miocene (?MN 3): 

Crocodylia indet.   (Vasileiadou et al. 2017) 

Lacertidae indet.   (Vasileiadou et al. 2017) 

Squamata indet.   (Vasileiadou et al. 2017) 

?Natricinae indet.   (Vasileiadou et al. 2017) 

Serpentes indet.   (Vasileiadou et al. 2017) 

11. Kymi (= Kumi = Koumi), Euboea (= Evia), Central Greece (GR), early Miocene (MN 

3/4):   

Pythonidae Python euboicus (Römer 1870) (TL) 

12. Aliveri, Euboea (= Evia), Central Greece (GR), early Miocene (MN 4a): 

Testudines indet.    (Georgalis et al. 2018c) 

Crocodylia indet.    (Georgalis et al. 2018c) 

Chamaeleonidae Chamaeleo cf. andrusovi (Georgalis et al. 2016b) 

Chamaeleonidae indet.   (Georgalis et al. 2016b) 

Lacertidae indet.    (Georgalis et al. 2018c) 

Scincomorpha indet.    (Georgalis et al. 2018c) 

Anguidae (non-Anguis) Anguinae indet.  (Georgalis et al. 2018c) 

Colubridae indet.    (Georgalis et al. 2018c) 



85 
 

Viperidae indet.    (Georgalis et al. 2018c) 

Serpentes  indet.    (Georgalis et al. 2018c) 

Squamata indet.    (Georgalis et al. 2018c) 

13. Karydia, Eastern Macedonia and Thrace (GR), early Miocene (MN 4a): 

  Testudines indet.   (Georgalis et al. 2018c) 

  Lacertidae indet.   (Georgalis et al. 2018c) 

  Scincomorpha indet.   (Georgalis et al. 2018c) 

  Anguidae cf. Ophisaurus sp. (Georgalis et al. 2018c) 

  Anguidae (non-Anguis) Anguinae indet.  (Georgalis et al. 2018c) 

  Colubridae indet.   (Georgalis et al. 2018c) 

  Serpentes indet.   (Georgalis et al. 2018c) 

  Squamata indet.   (Georgalis et al. 2018c) 

14. Nostimo, Western Macedonia (GR), early Miocene (Burdigalian): 

Podocnemidoidea Nostimochelone lampra (Georgalis et al. 2013) 

(TL) 

15. Bes-Konak (= Beşkonak), Ankara (TR), early Miocene: 

  Pan-Chelydridae Chelydropsis sp. (Paicheler et al. 1978) 

16. Thymiana, Chios (GR), middle Miocene (MN 5): 

Testudinidae Testudo sp. (Paraskevaidis 1955; including his sp. I and sp. II) 

17. Çandir, Ankara (TR), middle Miocene (MN 6): 

  Geoemydidae Mauremys sp. (Mauremys cf. caspica of Staesche et al. 2007) 

Testudinidae Testudo cf. graeca (Staesche et al. 2007) 

Testudinidae Titanochelon sp. (Cheirogaster cf. bolivari of Staesche et 

al. 2007) 

  Anguidae Ophisaurus sp. (Čerňanský et al. 2017) 

Anguidae Anguinae indet. (Čerňanský et al. 2017) 

18. Çandir HW, Ankara (TR), middle Miocene (MN 6): 

Anguidae Anguinae indet. (Čerňanský et al. 2017) 

19. Paşalar, Bursa (TR), middle Miocene (MN 6): 

Geoemydidae Mauremys sp. (Mauremys cf. caspica of Staesche et al. 2007) 

20. Uyurca, Ankara (TR), middle Miocene (MN 6): 

Ptychogasteridae Clemmydopsis sp.  (Clemmydopsis cf. turnauensis of 

Staesche et al. 2007) 

21. Karaçay, Çorum (TR), middle Miocene (Langhian): 

Geoemydidae Mauremys sp. (Mauremys cf. caspica of Staesche et al. 2007) 

22. Bağiçi (= Zivra), Ankara (TR), middle Miocene (MN 7/8): 

Anguidae Anguis sp.  (Čerňanský et al. 2017) 

Anguidae Ophisaurus sp. (Čerňanský et al. 2017) 

Anguidae Anguinae indet. (Čerňanský et al. 2017) 

23. Çatakbağyaka, Muğla (TR), middle Miocene (MN 7/8): 

Testudinidae Titanochelon sp. (Cheirogaster cf. bolivari of Staesche et 

al. 2007) 

24. Gebeceler, Afyon (TR), middle Miocene (MN 7/8): 

  Blanidae Blanus cf. strauchi (Georgalis et al. 2018a) 

25. Sofça, Kütahya (TR), middle Miocene (MN 7/8): 

Pan-Trionychidae Pan-Trionychinae indet. (Trionyx triunguis of 

Staesche et al. 2007) 

Geoemydidae Mauremys sp. (Mauremys cf. caspica of Staesche et al. 2007) 

Testudinidae Testudo cf. graeca (Staesche et al. 2007) 

25. Yaylacilar, Afyon (TR), middle Miocene (MN 7/8): 
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Geoemydidae Mauremys sp. (Mauremys cf. caspica of Staesche et al. 2007) 

Testudinidae Testudo cf. graeca (Staesche et al. 2007) 

26. Yeni Eskihisar, Muğla (TR), middle Miocene (MN 7/8): 

Pan-Trionychidae Pan-Trionychinae indet. (Trionyx triunguis of 

Staesche et al. 2007) 

Testudinidae Testudo cf. graeca (Staesche et al. 2007) 

27. Termeyenice, Ankara (TR), middle Miocene (Serravallian): 

Testudinidae Testudo cf. graeca (Staesche et al. 2007) 

28. İnönü, Ankara (TR), late Miocene (MN 9): 

Geoemydidae Mauremys sp. (Mauremys cf. caspica of Staesche et al. 2007) 

29. Plakias, Crete (GR), late Miocene (MN 9): 

Pan-Trionychidae Pan-Trionychinae indet. (Georgalis et al. 2016c) 

Geoemydidae Mauremys sp.   (Georgalis et al. 2016c) 

Crocodylia indet.    (Georgalis et al. 2016c) 

Amphisbaenia indet.    (Georgalis et al. 2016c) 

?Natricinae indet.    (Georgalis et al. 2016c) 

30. Bayraktepe, Çanakkale (TR), late Miocene (MN 9/10): 

Pan-Trionychidae Pan-Trionychinae indet. (Trionyx sp. of Tuna 

1988) 

31. Ravin de la Pluie, Central Macedonia (GR), late Miocene (MN 10): 

  Anguidae ?Anguinae indet. (Georgalis et al. 2018b) 

  Varanidae Varanus sp.  (Georgalis et al. 2018b) 

  Colubrinae indet.   (Georgalis et al. 2018b) 

  Elapidae Naja cf. romani (Georgalis et al. 2018b) 

32. Silivri Maden, Istanbul (TR), late Miocene (MN 10: 

Pan-Trionychidae Pan-Trionychinae indet. (Trionyx sp. of Rückert-

Ülkümen 1963) 

33. Sirti, Çankırı (TR), late Miocene (MN 10): 

Geoemydidae Mauremys sp. (Mauremys cf. caspica of Staesche et al. 2007) 

Testudinidae Testudo cf. graeca (Staesche et al. 2007) 

34. Garkin, Afyon (TR), late Miocene (MN 11): 

Testudinidae Titanochelon sp.  (Cheirogaster cf. bolivari of Staesche et 

al. 2007) 

35. Hatunsaray, Konya (TR), late Miocene (MN 11): 

Pan-Trionychidae Pan-Trionychinae indet. (Trionyx triunguis of 

Staesche et al. 2007) 

Testudinidae Testudo cf. graeca (Staesche et al. 2007) 

36. Kayadibi, Konya (TR), late Miocene (MN 11): 

Testudinidae Testudo cf. graeca (Staesche et al. 2007) 

Testudinidae Titanochelon sp.  (Cheirogaster cf. bolivari of Staesche et 

al. 2007) 

37. Kücükçekmece, Istanbul (TR), late Miocene (MN 11): 

Pan-Trionychidae Pan-Trionychinae indet. (Trionyx sp. of Malik and 

Nafiz 1933) 

Geoemydidae Mauremys sp.  (Emys sp. of Malik and Nafiz 1933) 

Testudinidae Testudo cf. marmorum  (Testudo marmoreum [sic] of 

Malik and Nafiz 1933) 

Testudinidae ?cf. Titanochelon sp. (Testudo sp. “Grand” of Malik and Nafiz 

1933) 

38. Nikiti 2, Central Macedonia (GR), late Miocene (MN 11): 
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Testudinidae Testudo cf. marmorum (Garcia et al. 2016) 

39. Kınık, Afyon (TR), late Miocene (MN 12): 

Testudinidae Testudo cf. graeca (Staesche et al. 2007) 

40. Mytilinii, Samos (GR), late Miocene (MN 12): 

Testudinidae Titanochelon schafferi (Testudo schafferi of Szalai 1931) 

(TL) 

Varanidae Varanus amnhophilis  (Conrad et al. 2012) (TL) 

41. Pikermi, Attica (GR), late Miocene (MN 12): 

Testudinidae Testudo marmorum (Gaudry 1862a, 1862b, 1862–1867; 

Bachmayer and Symeonidis 1970; Georgalis and Kear 2013) (TL) 

Testudinidae Titanochelon cf. schafferi (Testudo cf. schafferi of 

Bachmayer 1967) 

Varanidae Varanus marathonensis (Weithofer 1888) (TL) 

Varanidae Varanus sp. (“Reptile du groupe des Varans” of Gaudry 

1862a, 1862b, 1862–1867; type of Varanus atticus Nopcsa, 1908) 

42. Vathylakkos, Central Macedonia (GR), late Miocene (MN 12): 

Testudinidae Titanochelon cf. schafferi (Testudo sp. “forme de grande 

taille” of Arambourg and Piveteau 1929) 

43. Amasya, Aydın (TR), late Miocene (MN 13): 

Geoemydidae Mauremys sp. (Mauremys cf. caspica of Staesche et al. 2007) 

44. Ano Metochi 2, Central Macedonia (GR), late Miocene (MN 13): 

  Anguidae Ophisaurus sp.  (Georgalis et al. 2017a) 

Anguidae Anguinae indet.  (Georgalis et al. 2017a) 

Cordylidae indet.    (Georgalis et al. 2017a) 

Lacertidae indet.    (Georgalis et al. 2017a) 

Natricinae Natrix sp.   (Georgalis et al. 2017a) 

Serpentes indet.    (Georgalis et al. 2017a) 

45. Ano Metochi 3, Central Macedonia (GR), late Miocene (MN 13): 

Anguidae Ophisaurus sp.  (Georgalis et al. 2017a) 

Anguidae Anguinae indet.  (Georgalis et al. 2017a) 

Cordylidae indet.    (Georgalis et al. 2017a) 

Lacertidae indet.    (Georgalis et al. 2017a) 

Colubrinae cf. Dolichophis sp.  (Georgalis et al. 2017a) 

Colubrinae indet.    (Georgalis et al. 2017a) 

Natricinae Natrix sp.   (Georgalis et al. 2017a) 

Scolecophidia indet.    (Georgalis et al. 2017a) 

Serpentes indet.    (Georgalis et al. 2017a) 

46. Kavurca, Çankırı (TR), late Miocene (MN 13): 

Testudinidae Testudo cf. graeca (Staesche et al. 2007) 

47. Süleymanli, Çankırı (TR), late Miocene (MN 13): 

Testudinidae Testudo cf. graeca (Staesche et al. 2007) 

Anguidae Anguis sp.  (Čerňanský et al. 2017) 

Anguidae Ophisaurus sp. (Čerňanský et al. 2017) 

Anguidae Anguinae indet. (Čerňanský et al. 2017) 

48. Maramena, Central Macedonia (GR), late Miocene / early Pliocene (MN 13/14): 

  Geoemydidae Mauremys sp. (Mauremys caspica of Gad 1990) 

Agamidae indet.   (Agama sp. of Richter 1995) 

Anguidae Ophisaurus sp. (Richter 1995) 

Lacertidae indet.   (Lacerta sp. of Richter 1995) 

Cordylidae indet.   (Scincoidea indet. of Richter 1995) 
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Hierophis cf. hungaricus  (Colubrinae indet. of Szyndlar 1995) 

Elapidae Naja sp.  (Szyndlar 1991b, 1995) 

Natricinae indet.   (Szyndlar 1991b, 1995) 

Viperidae “Oriental vipers complex” sp.  (Szyndlar 1995) 

Serpentes indet.   (Szyndlar 1995) 

49. Platania, Eastern Macedonia and Thrace (GR), late Miocene: 

Testudinidae Testudo cf. graeca (Vlachos and Tsoukala 2014) 

50. Liossati (= Kiourka), Attica (GR), late Miocene or early Pliocene: 

Testudinidae Titanochelon cf. schafferi (Testudo spec. ind. [nov. spec.?] 

of Bachmayer and Symeonidis 1976; Cheirogaster cf. schafferi of 

Georgalis and Kear 2013) 

Testudinidae Testudo sp.  (Testudo spec. ind. (nov. spec.?) of 

Bachmayer and Symeonidis 1976) 

51. Allatini, Central Macedonia (GR), latest Miocene (or earliest Pliocene): 

Geoemydidae Mauremys sp.  (Vlachos et al. 2015) 

Testudinidae Testudo cf. graeca (Testudo amiatae of Bachmayer and 

Symeonidis 1970) 

52. Pylaia (= Pylea = Capudjlar), Central Macedonia (GR), latest Miocene (or earliest 

Pliocene): 

  Testudinidae Testudo cf. graeca (Testudo amiatae of Campana 1917) 

Testudinidae ?Titanochelon sp. (Testudoolithidae; Campana 1917, 1919) 

53. Çeştepe, Ankara (TR), early Pliocene (MN 14): 

Anguidae Anguinae indet. (Sen et al. 2017) 

Lacertidae cf. Lacerta sp.  (Sen et al. 2017) 

Varanidae Varanus sp.  (Sen et al. 2017) 

54. Maritsa, Rhodes (GR), early Pliocene (MN 14): 

Erycidae cf. Eryx sp.  (Szyndlar 1991a) 

Scolecophidia indet.   (Szyndlar 1991a) 

55. Akçaköy, Afyon (TR), early Pliocene (MN 15): 

Testudinidae Testudo cf. graeca (Staesche et al. 2007) 

56. Apollakia, Rhodes (GR), early Pliocene (MN 15): 

Testudinidae Titanochelon sp. (ootaxon, Testudoolithidae of Mueller-

Töwe et al. 2011) 

Testudines indet.   (Mueller-Töwe et al. 2011) 

57. Çalta, Ankara (TR), early Pliocene (MN 15): 

Anguidae Pseudopus sp. (Ophisaurus sp. of Rage and Sen 1976) 

Lacertidae indet.   (Rage and Sen 1976) 

Scincomorpha indet.  (Scincidae indet. of Rage and Sen 1976) 

Varanidae Varanus sp. (Varanus marathonensis of Rage and Sen 1976) 

Amphisbaenia indet.  (Amphisbaenidae indet. of Rage and Sen 1976) 

Elapidae Naja sp. (Palaeonaja sp. of Rage and Sen 1976) 

Erycidae Eryx sp. (Rage and Sen 1976) 

Scolecophidia indet.  (Rage and Sen 1976) 

58. Ericek, Denizli (TR), early Pliocene (MN 15): 

?Natricinae (or Elapidae) indet. (Hoek Ostende et al. 2015) 

Serpentes indet.   (Hoek Ostende et al. 2015) 

59. Megalo Emvolon (= Karabournou), Central Macedonia (GR), early Pliocene (MN 15):

  Testudinidae Testudo cf. graeca (Bachmayer et al. 1980)  

Testudinidae Testudo sp.  (Testudo sp. “forme de taille moyene” of 

Arambourg and Piveteau 1929) 
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Testudinidae Titanochelon sp. (“Riesenschilkröten” of Bachmayer et al. 

1980) 

Viperidae Laophis crotaloides (Owen 1857; Georgalis et al. 2016a) (TL) 

60. Epanomi, Central Macedonia (GR), late Pliocene (MN 16): 

Testudinidae Titanochelon bacharidisi  (Cheirogaster bacharidisi of 

Vlachos et al. 2014) (TL) 

61. Gefyra, Central Macedonia (GR), late Pliocene (MN 16): 

  Pan-Trionychidae Pan-Trionychinae indet. (Vlachos et al. 2015a) 

62. Milia, Western Macedonia (GR), late Pliocene (MN 16): 

Geoemydidae Mauremys sp.  (Vlachos and Tsoukala 2016) 

Testudinidae Testudo brevitesta (Vlachos and Tsoukala 2016) (TL) 

Testudinidae Titanochelon sp. (Vlachos and Tsoukala 2016) 

63. Nea Kallikratia, Central Macedonia (GR), late Pliocene (MN 16): 

Testudinidae Titanochelon bacharidisi (Cheirogaster bacharidisi of 

Vlachos et al. 2014) 

64. Nea Michaniona, Central Macedonia (GR), late Pliocene (MN 16): 

Testudinidae Titanochelon bacharidisi (Cheirogaster bacharidisi of 

Vlachos et al. 2014) 

65. Tourkobounia 1, Attica (GR), late Pliocene (MN 16): 

Elapidae Naja sp. (Szyndlar and Zerova 1990; Szyndlar 1991b) 

Psammophiidae Malpolon sp. (Szyndlar 1991a) 

Scolecophidia indet.  (Szyndlar 1991a) 

Viperidae “Oriental vipers complex” sp.  (Szyndlar 1991b) 

66. Akçayır, Eskişehir (TR), Pliocene: 

Testudinidae Testudo cf. graeca (Staesche et al. 2007) 

67. Vatera, Lesvos (GR), early Pleistocene (MN 17): 

Testudinidae Testudo cf. graeca ibera (Testudo sp. of De Vos et al. 

2002; Lapparent de Broin 2002)  

Testudinidae cf. Titanochelon aff. schafferi  (Chelonia indet. of De 

Vos et al. 2002; cf. Cheirogaster aff. schafferi of Lapparent de Broin 

2002) 

68. Makriyialos, Peloponnese (GR), early Pleistocene: 

Testudinidae Testudo marginata (Schleich 1982) 

69. Psychiko, Attica (GR), early Pleistocene: 

Testudinidae Testudo sp.  (Bachmayer and Symeonidis 1970) 

70. Emirkaya-2, Konya (TR), Middle Pleistocene: 

Anguidae Pseudopus cf. apodus  (Venczel and Sen 1994) 

Lacertidae Lacerta sp.   (Venczel and Sen 1994) 

Colubrinae Dolichophis caspius  (Coluber caspius of Venczel and Sen  

1994) 

  Colubrinae Elaphe cf. quatuorlineata (Venczel and Sen 1994) 

  Colubrinae indet.  (including Coluber sp. of Venczel and Sen 1994) 

  Colubrinae cf. Telescopus sp.  (Venczel and Sen 1994) 

Natricinae Natrix cf. natrix  (Venczel and Sen 1994) 

  Scolecophidia indet.    (Venczel and Sen 1994) 

Viperidae “Oriental vipers complex” sp. (Venczel and Sen 1994)  

71. Latomi, Chios (GR), Middle Pleistocene: 

Lacertidae indet.   (Schneider 1975) 

Colubrinae indet.   (Schneider 1975) 

Erycidae Eryx jaculus (Eryx turcicus of Schneider 1975) 
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Natricinae indet. (Schneider 1975; including ?Naja sp. of Schneider 

1975) 

Viperidae “Oriental vipers complex” sp.  (Schneider 1975)  

72. Tourkobounia 2, Attica (GR), Middle Pleistocene: 

  Colubrinae Elaphe quatuorlineata (Szyndlar 1991a) 

  Colubrinae Zamenis situla   (Szyndlar 1991a) 

  Scolecophidia indet.    (Szyndlar 1991a) 

73. Tourkobounia 5, Attica (GR), Middle Pleistocene: 

Varanidae Varanus sp.  (Georgalis et al. 2017b) 

Scolecophidia indet.   (Szyndlar 1991a) 

74. Bate Cave, Crete (GR), Late Pleistocene: 

  Testudinidae Testudo marginata cretensis (Kotsakis 1977) 

Lacertidae Podarcis cf. erhardii  (Lacerta cf. erhardi [sic] of 

Kotsakis 1977) 

Colubrinae Hierophis cf. gemonensis (Coluber cf. gemonensis of 

Kotsakis 1977) 

75. Charkadio Cave, Tilos (GR), Late Pleistocene: 

Testudinidae Testudo marginata (Bachmayer and Symenonidis 1975) 

76. Gerani Cave, Crete (GR), Late Pleistocene: 

Testudinidae Testudo marginata cretensis (Bachmayer et al. 1975) (TL) 

Natricinae Natrix cf. tessellata  (Szyndlar 1991b) 

77. Megalopolis, Peloponnese (GR), Late Pleistocene: 

Emydidae Emys orbicularis  (Vlachos and Delfino 2016) 

Geoemydidae Mauremys rivulata  (Clemmys caspica of Melentis 

1966; Vlachos and Delfino 2016) 

78. Simonelli Cave, Crete (GR), Late Pleistocene: 

Testudinidae Testudo marginata cretensis (Kotsakis 1977) 

?Lacertidae indet.  (Uromastix spinipes [sic] of Mangili 1980) 

79. Xerias, Eastern Macedonia and Thrace (GR), Late Pleistocene: 

Testudinidae Testudo marginata (Testudo sp. of Tsoukala et al. 2011) 

80. Zourida Cave, Crete (GR), Late Pleistocene: 

Testudinidae Testudo marginata cretensis (Bachmayer et al. 1975) 

81. Franchthi Cave, Peloponnese (GR), Late Pleistocene–Holocene: 

Emydidae Emys orbicularis  (Vlachos and Delfino 2016) 

Testudinidae Testudo hermanni  (Vlachos and Delfino 2016) 

82. Karain Cave, Antalya (TR), Late Pleistocene–Holocene: 

Geoemydidae Mauremys rivulata (Mauremys caspica of Zwick and 

Schleich 1994) 

Testudinidae Testudo graeca (Zwick and Schleich 1994) 

Agamidae indet.  (Agama sp. of Zwick and Schleich 1994) 

Anguidae Pseudopus sp. (Ophisaurus sp. of Zwick and Schleich 1994) 

Lacertidae indet.  (Lacerta s.l. sp. of Zwick and Schleich 1994) 

?Colubridae indet.   (Zwick and Schleich 1994) 

83. Pili B, Kos (GR), late Quaternary (probably Late Pleistocene): 

Erycidae Eryx jaculus  (Szyndlar 1991a) 

84. Korydallos, Attica (GR), “Tertiary”  (unknown exact age): 

Testudinidae indet.   (Paraskevaidis 1961) 

85. No locality specified (TR), “Tertiary” (unknown exact age): 

  Testudinidae Testudo sp.  (type of Testudo sloanei Lydekker, 1889) 
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Appendix III.  
List of extant reptile species from the Aegean region. Only species currently considered 

valid are mentioned. Numbers in brackets indicate number of species of Aegean reptiles 

for each clade. Taxa distributed in eastern Anatolia are omitted. Note that for 

convenience purposes, I am following the palaeontological perspective and include the 

psammophiid Malpolon into “Colubrinae”. Data compiled from Arnold et al. (2007), 

Baig et al. (2012), Bellati et al. (2014), Böhme and Joger (1984), Eiselt and Baran (1970), 

Gvoždík et al. (2010), Karin et al. (2016), Kornilios et al. (2018), Lymberakis et al. 

(2008), Mallow et al. (2003), Nilson and Andrén (1985, 1986, 1988), Sindaco and 

Jeremčenko (2008), Sindaco et al. (2000), Lymberakis et al. (2008), Mizsei et al. (2017), 

Psonis et al. (2017), Sindaco et al. (2014), Stümpel et al. (2016), Valakos et al. (2008), and 

Wallach et al. (2014). 

 

Testudines [11] 

Cheloniidae [3]: Caretta caretta (Linnaeus, 1758); Chelonia mydas (Linnaeus, 1758); 

Eretmochelys imbricata (Linnaeus, 1766). 

Dermochelyidae [1]: Dermochelys coriacea (Vandelli, 1761). 

Trionychidae [1]: Trionyx triunguis (Forskål, 1775). 

Emydidae [1]: Emys orbicularis (Linnaeus, 1758). 

Geoemydidae [2]: Mauremys caspica (Gmelin, 1774); Mauremys rivulata (Valenciennes, in 

Bibron and Bory de Saint-Vincent, 1833). 

Testudinidae [3]: Testudo graeca Linnaeus, 1758; Testudo hermanni Gmelin, 1789; Testudo 

marginata Schoepff, 1792. 

 

Squamata [75] 

Chamaeleonidae [2]: Chamaeleo chamaeleon (Linnaeus, 1758); Chamaeleo africanus 

Laurenti, 1768. 

Agamidae [2]: Stellagama stellio (Linnaeus, 1758); Trapelus lessonae (Filippi, 1865). 

Gekkota [3]: Hemidactylus turcicus (Linnaeus, 1758); Mediodactylus kotschyi (Steindachner, 

1870); Tarentola mauritanica (Linnaeus, 1758). 

Lacertidae [27]: Algyroides moreoticus (Bibron and Bory de Saint-Vincent, 1833); 

Algyroides nigropunctatus (Duméril and Bibron, 1839); Anatololacerta anatolica (Werner, 

1900); Anatololacerta budaki (Eiselt and Schmidtler, 1986); Anatololacerta danfordi 

(Günther, 1876); Anatololacerta pelasgiana (Mertens, 1959); Apathya cappadocica (Werner, 

1902); Darevskia praticola (Eversmann, 1834); Darevskia rudis (Bedriaga, 1886); Darevskia 

valentini (Boettger, 1892); Hellenolacerta graeca (Bedriaga, 1886); Lacerta agilis Linnaus, 

1758; Lacerta media Lantz and Cyrén, 1920; Lacerta pamphylica Schmidtler, 1975; Lacerta 

trilineata Bedriaga, 1886; Lacerta viridis Laurenti, 1768; Ophisops elegans Ménétries, 1832; 

Parvilacerta parva (Boulenger, 1887); Podarcis cretensis (Wettstein, 1952); Podarcis 

erhardii (Bedriaga, 1882); Podarcis gaigeae (Werner, 1930); Podarcis ionicus (Lehrs, 1902); 

Podarcis levendis Lymberakis, Poulakakis, Kaliontzopoulou, Valakos and Mylonas, 2008; 

Podarcis milensis (Bedriaga, 1882); Podarcis muralis (Laurenti, 1768); Podarcis 

peloponessiacus (Bibron and Bory de Saint-Vincent, 1833); Podarcis tauricus (Pallas, 1814). 

Scincidae [7]: Ablepharus budaki Göcmen, Kumlutaş and Tosunoglu, 1996; Ablepharus 

kitaibelii (Bibron and Bory de Saint-Vincent, 1833); Chalcides ocellatus (Forskål, 1775); 

Eumeces schneideri (Daudin, 1802); Heremites auratus (Linnaeus, 1758); Heremites vittatus 

(Olivier, 1804); Ophiomorus kardesi Kornilios, Kumlutaş, Lymberakis and Ilgaz, 2018; 

Ophiomorus punctatissimus (Bibron and Bory de Saint-Vincent, 1833). 

Anguidae [4]: Anguis cephallonica Werner, 1894; Anguis fragilis Linnaeus, 1758; Anguis 

graeca Bedriaga, 1881; Pseudopus apodus (Pallas, 1775). 
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Blanidae [1]: Blanus strauchi (Bedriaga, 1884). 

Scolecophidia [1]: Xerotyphlops vermicularis (Merrem, 1820). 

Erycidae [1]: Eryx jaculus (Linnaeus, 1758). 

“Colubrinae” [15]: Coronella austriaca Laurenti, 1768; Dolichophis caspius (Gmelin, 

1789); Dolichophis jugularis (Linnaeus, 1758); Dolichophis schmidti (Nikolsky, 1909); 

Eirenis modestus Martin, 1838; Elaphe quatuorlineata (Lacépède, 1789); Elaphe sauromates 

(Pallas, 1814); Hemorrhois nummifer (Reuss, 1834); Hierophis gemonensis (Laurenti, 1768); 

Malpolon insignitus Geoffroy Saint-Hilaire, 1827; Platyceps najadum (Eichwald, 1831); 

Telescopus fallax (Fleischmann, 1831); Zamenis hohenackeri (Strauch, 1873); Zamenis 

longissimus (Laurenti, 1768); Zamenis situla (Linnaeus, 1758). 

“Natricinae” [2]: Natrix natrix (Linnaeus, 1758); Natrix tessellata (Laurenti, 1768). 

Viperidae [10]: Macrovipera lebetina (Linnaeus, 1758); Macrovipera schweizeri (Werner, 

1935); Montivipera bulgardaghica (Nilson and Andrén, 1985); Montivipera xanthina (Gray, 

1849); Vipera ammodytes (Linnaeus, 1758); Vipera anatolica Eiselt and Baran, 1970; Vipera 

barani Böhme and Joger, 1984; Vipera berus (Linnaeus, 1758); Vipera graeca (Nilson and 

Andrén, 1988); Vipera transcaucasiana Boulenger, 1913. 
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ABSTRACT

Turtles of the clade Pan-Trionychidae have a rich fossil record in the Old World, ranging from the
Early Cretaceous (Hauterivian) to the Holocene. The clade most probably originated in Asia dur-
ing the Early Cretaceous but spread from there to the Americas and Europe by the Late Creta-
ceous, to India and Australia by the Eocene, and to Afro-Arabia by the Neogene. The presence of
a single pan-cyclanorbine in the Late Cretaceous (Maastrichtian) of Asia provides a minimum es-
timate for the age of the trionychid crown. As preserved, diversity was relatively high in Asia dur-
ing the Late Cretaceous, but the subsequent, strong decline is likely a preservational bias, as extant
faunas are relatively rich, especially throughout Asia. The range of trionychids contracted south-
ward in Europe over the course of the Neogene, and the group is now locally extirpated. The
group is now similarly absent from Arabia and Australia. A taxonomic review of the 180 named
Old World taxa finds 42 nomina valida, 38 nomina invalida, 88 nomina dubia, 11 nomina nuda,
and 1 nomen suppressum.
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Introduction

Pan-Trionychidae (see Vitek and Joyce [2015] for
definition) is a highly distinctive clade of turtles
characterized by a reduced shell that lacks periph-
erals, pygals, an ossified bridge, and scutes (Mey-
lan 1987; Vitek and Joyce 2015). Extant trionychids
have a relatively broad distribution across all trop-
ical to warm temperate portions of Africa, Asia,
New Guinea, and North America (Ernst and Bar-
bour 1989). Although the group does not perma-
nently inhabit any part of Europe, stray individuals
of Trionyx triunguis are occasionally found in
Greece, which wash in from the adjacent coasts of
Asia Minor (Taskavak et al. 1999; Corsini-Foka
and Masseti 2008). Because of the distinct sculp-
turing on the external surface of their shells, pan-
trionychids are readily recognized in the fossil
record. The primary goal of this contribution is to
document the rich fossil record of the group in the
Old World from the Early Cretaceous to the

Holocene. The fossil record of the group from the
New World was recently documented elsewhere
(Vitek and Joyce 2015).

The first description of fossil pan-trionychids
from the Old World was made by Cuvier (1812,
1821–1824, 1835–1836) on the basis of fragmen-
tary remains found throughout France. Soon after,
fossil pan-trionychids were also reported from
Germany (Meyer 1832; Kaupp 1834; Fitzinger
1836) and Italy (Sismonda 1836, 1839) and later
from Austria (Hörnes 1848; Peters 1855), England
(Owen in Owen and Bell 1849), Spain (Ezquerra
del Bayo 1850), Switzerland (Pictet and Humbert
1856), Croatia (Peters 1859), and Hungary (Peters
1859). Over the course of the second half of the
19th century and the beginning of the 20th cen-
tury, almost every new find from Europe was
treated as a new taxon (e.g., Laube 1900; Reinach
1900; Lörenthey 1903; Heritsch 1909; Teppner 1913,
1914c). This proliferation of names is well exempli-
fied by the Italian record. The fossil localities



of Monte Bolca and Monteviale in this country
yielded a series of pan-trionychid specimens that
were unusual for the time by being well preserved
and often complete (including skulls, shells, and
limb elements). However, strict application of
typological species concepts prompted early work-
ers to name a plethora of taxa, most of which
occurred sympatrically in these two localities
(Schauroth 1865; Negri 1892, 1893; Sacco 1894,
1895). We show here, however, that lineage-based
species concepts coupled with a better understand-
ing of intraspecific variation (Meylan 1987; Gard-
ner and Russell 1994; Vitek and Joyce 2015) reveal
that these localities only document the presence of
a single lineage. Hummel (1929, 1932) provided
the first complete lists of all fossil pan-trionychids
named to date and a first indication that many
species, especially those based on fragments,
should be considered dubious, but that did not
stop Bergounioux (1933, 1934b, 1935, 1936, 1938,
1953, 1954) from naming many more fossil taxa
based on fragmentary remains from localities
across France, Italy, and Spain. Of the taxa estab-
lished by the latter author, we here recognize all as
nomina dubia or junior synonyms of others.

Over the course of the second half of the 20th
century, only few additional taxa were named
from Europe (e.g., Hernández Sampelayo and
Bataller 1944; Gramann 1956; Moody and Walker
1970; Walker and Moody 1974; Broin 1977; Riep-
pel 1979; Gemel 2002). Instead, most new finds
were referred to already known species or recog-
nized as not being diagnostic at the species level
(Kuss 1958; Mottl 1967; Kotsakis 1977; Barbera
and Leuci 1980; Böhme 1995). The fossil record
of European pan-trionychids was partially or fully
summarized by Kuhn (1964), Ml⁄ynarski (1976),
Broin (1977), Lapparent de Broin (2001), and
Danilov (2005), but these workers did not try to
elucidate the interrelationships or the validity of
all named taxa, perhaps because of the daunting
nature of this task. This contrasts with a series of
papers provided by Karl (1993, 1998, 1999b), who
strongly simplified the taxonomy of European
pan-trionychids through explicit synonymies,
often with extant taxa.

The first fossil pan-trionychids from Asia were
reported by Clift (1828), followed by Falconer
(1831, 1859), Cautley (1836), Falconer and Caut-
ley (1837), Meyer (1865), Lydekker (1885, 1889b),
and Pilgrim (1912), all based on abundant material

from British India, now India and Pakistan. This
region has since yielded additional pan-trionychid
remains (Prasad 1974; West et al. 1978, 1991; Sahni
et al. 1981, 1984; Corvinus and Schleich 1994; Head
et al. 1999; Srivastava and Patnaik 2002), but most
are fragmentary. Jaekel (1911) reported new mate-
rial from Indonesia and erected new Quaternary
taxa from Java. Matsumoto (1918) described the
first fossil pan-trionychids from Japan, and addi-
tional finds have since been reported from this
country on a regular basis (Chitani 1925; Otsuka
1969, 1970; Okazaki and Yoshida 1977; Miura and
Uyama 1987; Hasegawa et al. 2007), including what
may be the remains of the most basal known pan-
trionychids (Hirayama et al. 2013). Gilmore (1931,
1934) reported the first fossil pan-trionychids from
deposits near the Chinese-Mongolian border, and
a wealth of new material has been unearthed and
described ever since from these two countries
(Chow and Yeh 1957, 1958; Yeh 1962, 1963, 1965,
1974; Khosatzky 1976; Shuvalov and Chkhikvadze
1979; Lei and Ye 1985; Chkhikvadze and Shuvalov
1988; Li, Joyce, and Liu 2015; Li, Tong et al. 2015).
In parallel, fossiliferous localities in Kazakhstan,
Kyrgyzstan, and Uzbekistan have yielded abundant
pan-trionychid material that resulted also in an
array of new taxa (e.g., Prinada 1927; Riabinin
1938; Khosatzky 1957; Chkhikvadze 1971, 1973,
2008a; Kuznetsov 1978; Nessov 1986, 1995b;
Kuznetsov and Chkhikvadze 1987). Most named
taxa from the Asian mainland lack adequate figur-
ing and rigorous description and the systematics of
these fossils therefore remains poorly understood.
The situation has improved dramatically over the
course of the last few years through a series of
papers (Vitek and Danilov 2010, 2012, 2013, 2014,
2015; Danilov and Vitek 2012, 2013; Danilov et al.
2014; Danilov, Sukhanov et al. 2015; Danilov, Vitek
et al. 2015) that revised many pan-trionychid fau-
nas from this region and established several new
taxa that are based on more complete material.

The fossil record of Afro-Arabian pan-triony-
chids remains obscured to date as most of the finds
are only poorly documented. The stage was already
set by Lydekker (1889a) who reported a large pan-
trionychid specimen from the Eastern Arabian
Desert but did not figure the remains. Additional
finds have since been reported from Arabia and the
Middle East by Bate (1934), Thomas et al. (1980),
Roger et al. (1994), Lapparent de Broin and van
Dijk (1999), and Beech and Hellyer (2005), but 
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fossils remain both scarce and poorly documented.
The first pan-trionychid remains from Africa per
se were reported by Andrews (1902, 1906), Reinach
(1903), and Dacqué (1912). Whereas relatively rich
material has since been documented from Kenya
that serves as the basis several pan-cyclanorbine
taxa (e.g., Andrews 1914; Broin 1979; Pickford
1986; Meylan et al. 1990), most new pan-trionychid
material from the remainder of that continent is rel-
atively fragmentary (Broin 1979; Wood 1987, 2013;
Hirayama 1992) or just listed as a side note (Aram-
bourg 1947; Bishop and Pickford 1975; Pickford
1975, 1986, 2008; Vignaud et al. 2002).

Australia has a scarce pan-trionychid fossil
record. As early as 1869, Clarke already reported
fossil pan-trionychids from that continent, but
these cannot be reevaluated, as they were not
described, figured, or deposited in a collection. Ver-
ifiable pan-trionychids were otherwise reported by
De Vis (1894) and more recently by Gaffney and
Bartholomai (1979), White (2001), and Louys and
Price (2015). It is characteristic of the scarcity of
remains that only two taxa have been named from
Australia (De Vis 1894; White 2001), of which we
here consider only one to be valid.

Some groups of fossil vertebrates have triony-
chid-like sculpturing and it is therefore not surpris-
ing that several fossils were historically attributed
to this group in error. Among fossil turtles, these
include Aspideretes planicostatus Riabinin, 1930,
which has since been reassigned to lindholmemy-
dids (recombined as Lindholmemys planicostata;
Danilov et al. 2002); Trionyx bakewelli Mantell,
1833, a helochelydrid (now recombined as
“Helochelydra” bakewelli; Joyce 2017); Trionyx man-
telli Gray 1831, a nomen nudum that is likely “senior
synonym” of the previously listed species; Trionyx
bellunensis Misuri, 1911, a cheloniid (junior syn-
onym of Trachyaspis lardyi; Chesi et al. 2007); Castre-
sia munieri De Stefano, 1902 and T. granosa Pomel
1847, now known to be pan-carettochelyids (the for-
mer a junior synonym of Allaeochelys parayrei; Joyce
2014; the other a nomen nudum); Trionyx
sansaniensis Bergounioux, 1935, a chelydrid (junior
synonym of Chelydropsis murchisoni; Joyce 2016);
Trionyx schlotheimii Fitzinger, 1836, most probably
an emydid (junior synonym of Emys orbicularis;
Geinitz 1877); and Kappachelys okurai Hirayama 
et al., 2013, which was recently shown to be an inde-
terminate pan-trionychian that lacks unambiguous
pan-trionychid characteristics (Nakajima et al. in

press). We here add Trionyx melitensis Lydekker,
1891, to this list. This middle Miocene turtle was
initially described as the best documented pan-tri-
onychid remain from Malta and was even reas-
signed to the cyclanorbine lineage (Lapparent de
Broin and Van Dijk 1999), but the unique sculptur-
ing of the holotype combined with the presence of
scute sulci clearly reveal that this is a marine turtle
reminiscent of Trachyaspis spp. Of special mention
here are furthermore Trionyx impressus, Trionyx
miliaris, Trionyx spinosus, and Trionyx sulcatus,
which were named by Kutorga (1835, 1837) based
on fragmentary material from the Devonian of
Estonia but have since been shown to be dermocra-
nial fragments of psammosteid heterostracans and
placoderms (Halstead Tarlo 1965; Denison 1978).

We here provide the first global overview of
the taxonomy and fossil record of pan-trionychids
from the Old World, which is complementary to
the review of Vitek and Joyce (2015) regarding the
taxonomy and fossil record of the group from the
New World. The enormity of the task prompts us
to be as succinct as possible. To accomplish this,
we firstly keep our taxonomic justifications to a
minimum, especially for the long list of taxa we
conclude to be nomina nuda and nomina dubia,
as lengthily discussions would be endlessly repet-
itive, given that we decline the validity of most
taxa for the same reasons. We here openly
acknowledge that many of the fossil taxa we here
deem to be valid do not display unique apomor-
phic features and therefore cannot be justified
globally, but rather only within a particular tem-
poral and regional context. We therefore keep our
diagnoses to a bare minimum by only highlight-
ing characters that are relevant within a certain
context (i.e., Paleogene pan-trionychids from
Europe), instead of providing long lists of unique
character combinations that overlap greatly with
those of other taxa. We finally do not discuss two
names that have been noted in the literature
briefly, but that only exist on museum labels, in
particular Trionyx gaudini, a name mentioned by
Lawley (1876) for material housed in Siena, Italy,
and T. miocenicus, a name mentioned by Broin
(1977) for specimens housed at MHNT (see
Appendix 1 for institutional abbreviations).

It is not unusual among fossil turtles that phy-
logenetic relationships remain poorly resolved,
but pan-trionychids are notable in that it is diffi-
cult to group fossil species into genera. Therefore,
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according to Vitek and Joyce (2015), we place
most of the valid taxa we recognize in the waste-
basket genus “Trionyx,” instead of maintaining a
plethora of monotypic genera. We here only make
exception for (1) fossil taxa that can be grouped
into genera (e.g., Khunnuchelys spp.), (2) fossil
taxa from the Mesozoic that most certainly will
never be assigned to any extant genus, (3) a
selected number of Cenozoic taxa with particu-
larly unique morphologies (e.g., Murgonemys
braithwaitei), and (4) fossil taxa that can be
assigned clearly to extant genera (e.g., Pelodiscus
gracilia). Although the usage of a wastebasket
taxon is suboptimal, we find this approach prefer-
able to the extensive use of monotypic genera, as
these do not encode additional information.

For institutional abbreviations, see Appendix
1. Named Old World pan-trionychid genera are
listed in Appendix 2.

Skeletal Morphology of Pan-Trionychids

The bizarre nature of the shell of pan-trionychids
makes them readily distinguishable from other
turtles, a condition that has also rendered their
monophyly as “de facto.” Moreover, the highly dis-
tinctive shell sculpturing preserved in almost all
fossil specimens of the group renders them easily
identifiable among fossil remains even as frag-
ments. The large amount of variation that is
apparent in this sculpturing unfortunately
prompted many early chelonian workers to diag-
nose many species on the basis of shell sculptur-
ing pattern only, but this character has since been
shown to be highly variable, although some
species can be recognized regionally using their
sculpturing (Vitek and Joyce 2015). For the skele-
tal morphology of Pan-Trionychidae, including
descriptions of the cranium, carapace, plastron,
and the postcranium, we here refer the reader to
the recent summary of Vitek and Joyce (2015).

Among fossil taxa from the Old World, mean-
ingful cranial descriptions are available for Axeste-
mys vittata (Walker and Moody 1985), Kuhnemys
orlovi (Danilov et al. 2014), Khunnuchelys erin-
hotensis (Brinkman et al. 1993), Khunnuchelys
kizylkumensis (Brinkman et al. 1993), Khun-
nuchelys lophorhothon (Danilov, Vitek et al. 2015),
Perochelys lamadongensis (Li, Joyce, and Liu 2015),
“Trionyx” gregarius (Gilmore 1934), “T.” ikoviensis
(Danilov et al. 2011), “T.” messelianus (Cadena

2016), “T.” silvestris (Walker and Moody 1974;
Broin 1977), and T. vindobonensis (Broin 1977).

Important descriptions of the shells of fossil
Old World taxa are available for Kuhnemys bre-
viplastra (Danilov et al. 2014), Kuhnemys orlovi
(Danilov et al. 2014), Kuhnemys palaeocenica
(Danilov, Sukhanov et al. 2015), Perochelys lamadon-
gensis (Li, Joyce, and Liu 2015), Rafetus bohemicus
(Liebus 1930), “Trionyx” capellinii (Kotsakis 1977),
“T.” gregarius (Gilmore 1934), “T.” kansaiensis
(Vitek and Danilov 2010), “T.” messelianus (Hum-
mel 1927; Cadena 2016), “T.” ninae (Vitek and
Danilov 2015), “T.” riabinini (Vitek and Danilov
2010), and “T.” shiluutulensis (Danilov et al. 2014).

Useful descriptions pertaining to ontogenetic
variation have finally been provided for Kuhne-
mys spp. (Danilov et al. 2014), “Trionyx” gregar-
ius (Gilmore 1934), and “T.” riabinini (Vitek and
Danilov 2010).

Phylogenetic Relationships

The phylogenetic relationships of pan-trionychids
were recently discussed in detail by Vitek and
Joyce (2015). Under the absence of a phylogenetic
analysis that includes most of the taxa listed as
valid herein, we only presume that valid genera
are monophyletic and that fossil taxa related with
extant trionychids concur with topologies
retrieved from phylogenetic analyses based on
molecular data (Engstrom et al. 2002; Le et al.
2014; Figure 1).

Paleoecology

Extant pan-trionychids occur globally today in all
suitable tropical to temperate regions. Although
we are unaware of studies explicitly exploring this
issue, it seems that the northern distribution of the
group is not necessarily limited by winter temper-
atures, but rather by the availability of suitable non-
frozen habitat for hibernating in combination with
summers of sufficient length to allow the hatch-
lings to emerge prior to the winter, as exemplified
by pan-trionychids naturally occurring in cold
continental regions of North American and Asia
today (Ernst and Barbour 1989). The presence of
pan-trionychids in the fossil record therefore does
not reveal much about the paleoenvironment in
which they occur beyond the presence of perma-
nent bodies of water. Some Old World fossil 
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Figure 1. The phylogenetic relationships and stratigraphic and biogeographic distribution of valid pan-triony-
chid taxa. Black lines indicate temporal distribution based on type material. Gray lines indicate temporal distri-
bution based on referred material. The topology presumes that genera are monophyletic and that fossil taxa
referable to extant genera follow the molecular topology of Engstrom et al. (2002) and Le et al. (2014).



trionychids have been inferred to have been
marine tolerant or marine adapted, such as the
Eocene Drazinderetes tethyensis (Head et al. 1999),
but mostly because they were found in estuarine
to marine sediments. Although this is a reasonable
speculation given that some extant trionychids are
known to venture into the marine realm, in par-
ticular Trionyx triunguis (Taskavak et al. 1999;
Corsini-Foka and Masseti 2008) and Pelochelys
cantorii (Fritz et al. 2014), only geochemical evi-
dence should be able to distinguish rigorously if
any fossil taxon genuinely lived in marine habitat,
instead of being occasionally washed into the sea
pre- or postmortem.

Gilmore (1934) suggested that the Eocene
“Trionyx” gregarius was gregarious, as more than
a dozens individuals were found in a single block
of matrix, but it seems more likely to us that these
individuals were brought together by a drought
(Wings et al. 2012), as no extant turtle displays
herding behavior. Taking into account their cra-
nial anatomy, Brinkman et al. (1993) assumed that
the large Khunnuchelys spp. from the Cretaceous
of Asia may have preyed on mollusks or even
dinosaur eggs. Sacco (1895) and Kotsakis (1977)
speculated that the Eocene “T.” capellinii may have
preyed on juvenile crocodilians and been preyed
on by the adults, but under the absence of posi-
tive evidence that would support either hypothe-
sis, such as the bite marks reported by Wood
(1987) for trionychid material from the Miocene
of Africa, such ideas are purely speculative.

The eggs of pan-trionychids are rigid shelled
(Lawver and Jackson 2014), and fossil eggs tenta-
tively attributed to this clade have been recovered
from the Miocene of Germany (Meyer 1860,
1867) and questionably from the Cretaceous of
Japan (Obata et al. 1972).

Paleobiogeography

The oldest unequivocal pan-trionychid fossils are
known from the Early Cretaceous of Asia (Nessov
1995b; Hirayama et al. 2013; Li, Joyce, and Liu
2015; Li, Tong et al. 2015), and an Asiatic origin
for the group seems to be all but certain (Joyce 
et al. 2013). Even older pan-trionychid remains
had previously been reported in the form of Tri-
onyx primoevus Bergounioux, 1937 from the Late
Jurassic of France and Sinaspideretes wimani
Young and Chow, 1953 from the Late Jurassic or

Early Cretaceous of China, but these have since
been shown to lack trionychid characteristics
(Meylan and Gaffney 1992; Tong et al. 2014). At
present, the Early Cretaceous record consists of
Perochelys lamadongensis from the Aptian of
Liaoning, China, (Li, Joyce, and Liu 2015); “T.” jix-
iensis from the Aptian/Albian (slashes used herein
connote “or”) of Heilongjiang, China (Li, Tong 
et al. 2015); and Petrochelys kyrgyzensis from the
Albian of Kyrgyzstan (Nessov 1995b; Danilov and
Vitek 2013). Additional, indeterminate material
has furthermore been reported from the Early
Cretaceous of Inner Mongolia, China (Gilmore
1931), Japan (Hirayama et al. 2013; Nakajima 
et al. in press), Mongolia (Shuvalov and Chkhik-
vadze 1979; Khosatzky 1999; Suzuki and Narman-
dakh 2004; Scheyer et al. 2017), and Uzbekistan
(Nessov 1977, 1984), revealing that the group was
widely distributed across the continent early in its
history, though notably absent from its southern
rim. We recognize in the Late Cretaceous 15 dis-
tinct species across central Asia, in particular
Kazakhstan, Mongolia, Uzbekistan, and Inner
Mongolia, China, (Figures 1 and 2), with addi-
tional, fragmentary material being reported from
Japan, Kazakhstan, Mongolia, Uzbekistan, and
Inner Mongolia, Fujian Province, and Jilin
Province, China (Figure 3; see Appendix 3 for
complete summary of localities and references).
Notably high levels of diversity are apparent by the
end of the Late Cretaceous, as is documented by
the presence of at least five distinct forms in the
Maastrichtian of Mongolia (Danilov et al. 2014), a
phenomenon reminiscent of the high diversity
observed in the late Late Cretaceous of North
America (Vitek and Joyce 2015). The phylogenetic
position of many fossil pan-trionychids remains
unresolved, and it is therefore unclear if most of
the Cretaceous forms represent the trionychid
stem or crown (Li, Joyce, and Liu 2015; Vitek and
Joyce 2015), although a potential assignment to
the crown is consistent with molecular dating
analyses (Joyce et al. 2013).

It is unclear how well pan-trionychids sur-
vived the Cretaceous-Tertiary (K/T) extinction
event in Asia, as only a single reliable fossil, the
type of Kuhnemys palaeocenica, has been described
from the Paleocene of this continent (Danilov,
Sukhanov et al. 2015). Significantly richer material
has been reported from the Eocene and Oligocene
of the Asian main continent, but we are here only
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able to recognize the validity of six, in particular
“Trionyx” linchuensis from the early Eocene of
Shandong Province, China (Yeh 1962); “T.” gre-
garius and “T.” johnsoni from the middle Eocene
of Inner Mongolia, China (Gilmore 1934; Yeh

1965); “T.” impressus from the late Eocene of
Guangdong Province, China (Yeh 1963); and “T.”
minusculus and “T.” ninae from the late Eocene to
early Oligocene of Kazakhstan (Chkhikvadze
1973; Vitek and Danilov 2015). Often rich, 
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Figure 2. The stratigraphic and biogeographic distribution of valid pan-trionychid taxa herein referred to the
wastebasket taxon “Trionyx.” Black lines indicate temporal distribution based on type material, including select
extant taxa for reference. Gray lines indicate temporal distribution based on referred material.



fragmentary material has otherwise been reported
from the Eocene and Oligocene of Kazakhstan
(Bazhanov and Kostenko 1961; Chkhikvadze
1970, 1971, 1973, 1984, 1999b, 2007, 2008a,
2008b; Kordikova 1994b; Kordikova and Mavrin
1996; Kuznetsov and Chkhikvadze 1987); the
Eocene of Inner Mongolia (Gilmore 1934; Yeh
1965) and Guangdong (Yeh 1965), Henan (Chow
and Yeh 1957), Hubei (Lei and Ye 1985), Shan-
dong (Yeh 1962), and Zhejiang Provinces (Yeh
1962), China; and the Oligocene of Japan
(Hasegawa et al. 2007) and Vietnam (Böhme et al.
2011). In concert with its collision with the Asian
mainland, the first trionychids also appear on the
Indian subcontinent, but with the exception of
Drazinderetes tethyensis from Pakistan (Head 
et al. 1999), most of the material from India (Sahni
and Mishra 1975; Sahni et al. 1981, 1984; Smith

et al. 2016), Myanmar (Hutchison et al. 2004), and
Pakistan (Broin 1987) is fragmentary.

Although pan-trionychids are most speciose
in Asia today (Ernst and Barbour 1989), only few
remains have been reported from the Neogene of
that continent. We here only recognize two valid
species, “Trionyx” miensis from the Pliocene of
Japan (Okazaki and Yoshida 1977) and Pelodiscus
gracilia from the Pliocene of Shanxi Province,
China (Yeh 1963). Fragmentary remains are oth-
erwise documented from the Neogene of India
(Tripathi 1964; Prasad 1974; Srivastava and Pat-
naik 2002), Indonesia (Lydekker 1889a; Jaekel
1911; Hooijer 1954), Kazakhstan (Bazhanov and
Kostenko 1961; Chkhikvadze 1989), Malaysia
(Pritchard et al. 2009), Myanmar (Chhibber 1934;
Jaeger et al. 2011), Nepal (West et al. 1978, 1991;
Corvinus and Schleich 1994), Pakistan (Lydekker
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Figure 3. The geographic distribution of fossil pan-trionychids from the Cretaceous to the Neogene of the south-
eastern portions of Asia. Stars mark the type localities of valid taxa. Locality numbers are cross listed in Appen-
dix 3. Abbreviations: ID, Indonesia; JP, Japan; KG, Kyrgyzstan; MM, Myanmar; MY, Malaysia; NP, Nepal; PK,
Pakistan; TH, Thailand; TJ, Tajikistan; UZ, Uzbekistan; VN, Vietnam.



1885, 1889a, 1889b; Pilgrim 1912), Sri Lanka
(Deraniyagala 1953), Thailand (Mudar and
Anderson 2007; Claude et al. 2011), and Inner
Mongolia, Shanxi, and Taiwan, China (Gilmore
1931; Chow and Yeh 1958; Tao 1986). For simplic-
ity, the Georgian and Turkish record will be dis-
cussed below together with that of Europe. The
Asian record of Pan-Cyclanorbinae is restricted to
the Indian subcontinent, which mirrors its extant
distribution completely.

Pan-trionychids are absent from Europe in
the Mesozoic, with the exception of a recently
found indeterminate form from the Late Creta-
ceous (Campanian) of southern Sweden (Scheyer
et al. 2012). This find refutes the until recently pre-
vailing theory that pan-trionychids dispersed to
Europe no earlier than the Paleocene (e.g., Lap-
parent de Broin 2001), a conclusion previously
supported by the notable absence of pan-triony-
chids in the richly sampled vertebrate faunas of
France, Spain, Hungary, and Romania. Given the
fragmentary nature of the Campanian material,
however, it unfortunately remains unclear if the
group dispersed to Europe from Asia or North
America and if this early find is the precursor of
later forms (Scheyer et al. 2012).

Fragmentary pan-trionychid remains have
been reported from the early Paleocene of Den-
mark (Rosenkrantz 1923; Karl and Lindow 2012)
and from the late Paleocene of Belgium (Broin
1977; Groessens van Dyck and Schleich 1988),
France (Bergounioux 1932; Smith et al. 2014), and
the United Kingdom (White 1931), but these are
too fragmentary to allow rigorous attribution to
any particular species or lineage. The situation
improves dramatically in the Eocene and
Oligocene. Although a long list of taxa have been
named from these time periods (see Systematic
Paleontology), we here only recognize seven as
valid, in particular the early Eocene Axestemys vit-
tata (Pomel 1847; Moody and Walker 1970; Broin
1977) and “Trionyx” silvestris (Walker and Moody
1974; Broin 1977) from Belgium, France, and the
United Kingdom; the middle Eocene “T.” mes-
selianus from Germany (Reinach 1900; Cadena
2016) and “T.” ikoviensis from Ukraine (Danilov
et al. 2011); the middle Eocene to early Oligocene
“T.” capellinii from Italy (Negri 1893; Sacco 1895;
Bergounioux 1954; Kotsakis 1977; Barbera and
Leuci 1980); the middle to late Eocene “T.” henrici
from France and the United Kingdom (Owen and

Bell 1849; Lydekker 1889a; Boulenger 1891; Lap-
parent de Broin et al. 1993); and “T.” boulengeri
from the late Eocene to early Oligocene of Ger-
many and Romania (Reinach 1900; Lörenthey
1903). Of these, the largest one, Axestemys vittata,
is notable, as it is clearly referable to the North
American taxon Axestemys, thereby revealing a
positive faunal link between North American and
Europe during the early Paleogene, similarly to
the case suggested for several coeval continental
squamates (Rage 2013), mammals (Rose 2006),
and birds (Mayr 2009). Fragmentary remains are
otherwise known from the Eocene and Oligocene
of Austria, Belgium, Bulgaria, Croatia, Czechia,
France, Germany, Hungary, Italy, Romania, Slove-
nia, Spain, Switzerland, and nearby Turkey (Fig-
ure 4; see Appendix 3 for extensive list of localities
and citations). Several fragmentary finds from the
Oligocene of Kaliningrad, Russia (Koken 1892;
Dames 1894), were never figured or adequately
described, and their pan-trionychid affinities are
of dubious status.

Over the course of the Neogene, the distribu-
tion of pan-trionychids contracts southward (Karl
1999a), perhaps because of climatic cooling (Kot-
sakis 1980), and the clade is now extinct in
Europe, with the exception of Trionyx triunguis,
which occasionally reaches some of the Dode-
canese Islands in Greece near the coast of Asia
Minor (Taskavak et al. 1999; Corsini-Foka and
Masseti 2008). Although an enormous number of
taxa were named from this time interval, we only
recognize in the Neogene two lineages that are
referable to the extant Trionyx and Rafetus, much
as partially proposed by Karl (1999a) and Chkhik-
vadze (1999b). The first lineage includes the
species T. vindobonensis from the Miocene of Aus-
tria (e.g., Peters 1855, 1859; Hoernes 1881;
Arthaber 1898; Heritsch 1909), Germany (Win-
kler 1869a; Reinach 1900), and France (Broin
1977) and T. pliocenicus from the Pliocene of Italy
(Fucini 1912), whereas the other is only repre-
sented by R. bohemicus from the Miocene of
Czechia (Liebus 1930) but may have been more
widely distributed (see Systematic Paleontology).
The above-mentioned contraction of the range is
well documented by fragmentary remains from
the Miocene of Austria, Cyprus, Czechia, France,
Georgia, Greece, Hungary, Italy, Moldova, Portu-
gal, Romania, western Russia, Slovakia, Slovenia,
Spain, Switzerland, Turkey, and Ukraine, whereas
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Pliocene remains are restricted to Greece, Italy,
France, and Romania (Figure 4; see Appendix 3
for extensive list of localities and literature). We
here ignore fossils reported from the Miocene of
Malta as these either remain poorly figured or not
figured at all (Gulia 1843; Cooke 1890) or do not
represent pan-trionychids (contra Lydekker 1891;
also Introduction). The last fossil occurrence in
Europe is known from the early Pleistocene of
Italy (Portis 1890; Kotsakis 1980).

The presence of pan-trionychids on the Aus-
tralian continent is not well documented, mostly
because of a lack of fossiliferous localities. The
oldest Australian pan-trionychid is the bizarre and
highly autapomorphic Murgonemys braithwaitei
from the early Eocene of southeastern Queens-
land (White 2001; Figure 5) that shows no clear
relationships with any other group of pan-triony-
chids, despite being well preserved. Although
pan-trionychids are now restricted to Papua
(Ernst and Barbour 1989), fragmentary finds are
known from Queensland, Australia, from as

recently as the Plio-Pleistocene (Gaffney and
Bartholomai 1979), thereby indicating that their
local extirpation occurred relatively recently. Pan-
trionychids have not been recovered from neigh-
boring Antarctica and New Zealand, although
connections were available with these landmasses
during the Paleogene (Scanlon 1993; Hand et al.
2015).

Fossil pan-trionychids have been reported
from Neogene sediments from across Africa and
Arabia (Lapparent de Broin 2000), but many of
the finds have not been figured, and it is therefore
difficult to rigorously assess most such claims.
Fossil pan-trionychids are notably absent from the
Paleogene of that continent, with the notable
exception of a single carapace fragment that ques-
tionably originated from the Eocene Fayum
deposits of Egypt, but more likely is Holocene
(Wood 1979), an assertion supported by more
than one century of intensive collecting in the
Fayum that otherwise did not yield a single bona
fide pan-trionychid. This lack of Paleogene 
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Figure 4. The geographic distribution of fossil pan-trionychids from the Cretaceous to the Neogene of Europe
and adjacent portions of Asia. Stars mark the type localities of valid taxa. Locality numbers are cross listed in
Appendix 3. Abbreviations: AU, Austria; BE, Belgium; BG, Bulgaria; CH, Switzerland; CZ, Czechia; DE, Germany;
DK, Denmark; ES, Spain; FR, France; GB, United Kingdom; GE, Georgia; GR, Greece; HR, Croatia; HU, Hun-
gary; IT, Italy; MD, Moldova; PT, Portugal; RO, Romania; SE, Sweden; SK, Slovakia; TR, Turkey; UA, Ukraine.



material contradicts the prediction of Le et al.
(2014) that cyclanorbines should have migrated
to that continent in the Eocene. Instead, we sug-
gest that Le et al. (2014) overinterpreted their data
by conflating the likely divergence date between
African and Asian cyclanorbines with a possible
dispersal date, but we readily admit that the Pale-
ogene record from Africa is highly incomplete.
We here recognize three valid species from Africa
that are all based on well-preserved material from
the Rift Valley of Kenya, in particular the early
Miocene Cycloderma victoriae and the early
Pliocene Cyclanorbis turkanensis and Cycloderma
debroinae (Andrews 1914; Broin 1987; Lapparent
de Broin 2000; Meylan et al. 1990). Including also
the Arabian Peninsula and the Middle East, we
here otherwise recognize fragmentary remains
from Algeria, Chad, the Democratic Republic of
Congo, Egypt, Ethiopia, Iraq, Israel, Kenya, Libya,
Malawi, Oman, Saudi Arabia, Tanzania, Tunisia,
Uganda, and the United Arab Emirates (Figure 6;
see Appendix 3 for extensive list of localities and

literature). There is no indication that pan-triony-
chids ever colonized nearby Madagascar.

Systematic Paleontology

Valid Taxa
See Appendix 4 for the hierarchical taxonomy of
Old World Pan-Trionychidae used in this work.

Pan-Trionychidae Joyce et al., 2004

Phylogenetic definition. In accordance with Joyce et al. (2004),
the name Pan-Trionychidae is herein referred to the total-clade
of Trionychidae, which, in return, is defined as the crown clade
that includes all extant turtles that are more closely related to
Trionyx triunguis (Forskål, 1775) than Carettochelys insculpta
Ramsay, 1887.

Diagnosis. Representatives of Pan-Trionychidae are currently
diagnosed relative to other turtles, among others, by a reduced
quadratojugal that does not contact the postorbital or maxilla,
exclusion of the fused premaxillae from the apertura narium
externa, the presence of sculpturing that covers all metaplastic
portions of the shell bones, the absence of peripherals, pygals,
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suprapygals, and shell scutes, a boomerang-shaped entoplastron,
a plywood-like micro-structure in the metaplastic portions of
the shell, absence of central articulation between the eighth cer-
vical and the first thoracic vertebra, hyperphalangy, and the pres-
ence of three claws in the manus and pes.

Axestemys Hay, 1899

Type species. Axestemys byssinus (Cope, 1872).

Diagnosis. Axestemys can be diagnosed as a representative of
Pan-Trionychidae by the full list of characters provided for that
clade above. Axestemys is currently differentiated from other

pan-trionychids by large size, sculpturing on the skull roof, pres-
ence of a preneural, and a single lateral hyoplastral process.

Axestemys vittata (Pomel, 1847), comb. nov.
(� Eurycephalochelys fowleri Moody and

Walker, 1970)

Taxonomic history. Trionyx vittatus Pomel, 1847 (new species);
Palaeotrionyx vittatus � [T. erquelinnensis] Broin 1977 (new
combination, incorrect spelling of genus name, and senior 
synonym); Eurycephalochelys vittatus Augé et al. 1997 (new
combination).
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Type material. MNHN (holotype), a carapace (Gervais 1859, pl.
52), now lost (Broin 1977).

Type locality. Muirancourt, Oise, France (Pomel 1847; Figure
4); Muirancourt Lignites, Paris Basin, early Ypresian, early
Eocene (Broin 1977).

Referred material and range. Early Eocene (early Ypresian),
Hainaut, Belgium (material of Trionyx erquelinnensis Dollo
1909; referred material of Broin 1977); early Eocene (early Ypre-
sian), Trieu de Leval, Hainaut, Belgium (material of T. levalen-
sis Dollo 1909); early Eocene (early Ypresian), Île-de-France,
France (referred material of Broin 1977); early Eocene (early
Ypresian), Champagne-Ardenne, France (referred material of
Broin 1977); early Eocene (late Ypresian), West Sussex, United
Kingdom (hypodigm of Eurycephalochelys fowleri Walker and
Moody 1985); early Eocene (late Ypresian), Prémontré, Aisne,
Hauts-de-France (referred material of Augé et al. 1997).

Diagnosis. Axestemys vittata can be diagnosed as a member of
Pan-Trionychidae and Axestemys by the full list of characters
provided above for those clades. At present, biogeographic con-
siderations most clearly differentiate the European Axestemys
vittata from all North American representatives of this clade (see
comments below).

Comments. Four names are associated with the remains of
large-bodied pan-trionychids from early Eocene deposits
throughout Belgium, southern England, and northern France,
in particular Trionyx vittatus Pomel, 1847, T. erquelinnensis
Dollo 1909, T. levalensis Dollo 1909, and Eurycephalochelys fow-
leri Moody and Walker, 1970. Although T. erquelinnensis and T.
levalensis are based on beautifully preserved specimens, we agree
with Moody and Walker (1970) and Broin (1977) that these are
nomina nuda (see below), and we therefore disregard them from
consideration. Broin (1977) already noted that all European
material is closely related and that it shows great similarities with
Paleotrionyx quinni Schmidt, 1945, a large-bodied pan-triony-
chid from the late Paleocene of North America, but she never-
theless maintained two valid species, Axestemys (her
Palaeotrionyx) vittata and Eurycephalochelys fowleri. Augé et al.
(1997) preferred synonymy within the available European mate-
rial and therefore attributed vittata to Eurycephalochelys.

Vitek (2012) recently concluded that several large-bodied
trionychids from the Late Cretaceous to Eocene of North Amer-
ica form a monophyletic lineage referable to Axestemys Hay,
1899. Earlier representatives of this lineage from the Late Creta-
ceous generally resemble other pan-trionychines, but the Pale-
ocene and Eocene representatives acquire a peculiar shell that is
characterized most notably by presence of a preneural, poorly
developed carapacial callosities that often only cover the proximal
two-thirds of the rib, carapacial ornamentation that is restricted
to the proximal third of the costals, suprascapular fontanelles,
plastra almost completely devoid of surficial sculpturing, and sin-
gle lateral hyo- and hypoplastral processes. The skull, on the other
side, is characterized by being notably short snouted and by often
showing an expanded triturating surface. In all regards, the shell
and skull material from Europe correspond to these derived rep-
resentatives of Axestemys from North America, and we therefore
refer all to Axestemys with confidence, but additional work is
needed to render a meaningful diagnosis.

Broin (1977) believed that two species are apparent among
the European assemblages, but we find that all described mate-
rial only shows variation sufficient to warrant one species. We
therefore here synonymize vittatus with fowleri but await a more
detailed analysis of all material, perhaps that from Belgium. The
type material of Axestemys vittata has been reported to be lost
(Broin 1977), but we find the figures provided by Gervais (1859)
to be informative, and a cast of the holotype is held at MNHN.
We therefore see no need either to declare Axestemys vittata a
nomen dubium or to designate a neotype specimen. Further-
more, the original spelling of the species epithet “vittatus” is
herein emended to “vittata” in order to conform with the fem-
inine gender of the genus name Axestemys.

Shell fragments of a large pan-trionychid originating from
the late Paleocene (MP 6) of Rivecourt-Petit Pâtis, Oise, Hauts-
de-France, Paris Basin, France (Smith et al. 2014), could even-
tually belong to Axestemys vittata as well. However, this material
was not figured and was only preliminarily described. There-
fore, conspecificity with Axestemys vittata, although possible,
cannot be confirmed.

Drazinderetes tethyensis Head et al., 1999

Taxonomic history. Drazinderetes tethyensis Head et al., 1999
(new species).

Type material. GSP UM3195 (holotype), a nearly complete cara-
pace (Head et al. 1999, figs. 3–5).

Type locality. Bari Nadi, west of Satta Post, Punjab, Pakistan (Fig-
ure 3); Drazinda Formation, middle Bartonian, middle Eocene
(Head et al. 1999).

Referred material and range. No specimens have been referred
to date.

Diagnosis. Drazinderetes tethyensis can be diagnosed as a mem-
ber of Pan-Trionychidae by the absence of central articulation
between the eighth cervical and first thoracic vertebra and the
full list of carapacial characters provided for that clade above.
Drazinderetes tethyensis can be differentiated from all remaining
representatives of Pan-Trionychidae by rather large size, pres-
ence of a preneural, a single pair of costiform processes, and
anteriorly oriented costals I.

Comments. Drazinderetes tethyensis is based on a large, nearly
complete carapace from the Eocene of Pakistan, which Head et
al. (1999) reconstructed as originating from an individual that
may have reached a shell length of up to 150 cm. In addition to
the type, Head et al. (1999) also reported from the type locality
an isolated carapace fragment, an incomplete right hypoplas-
tron, and a gigantic entoplastron with a lateral length of 57.3 cm
that they estimated to have originated from an individual with
a shell length of up to 220 cm, which reveals this specimen to be
not only the largest known pan-trionychid, but also among the
largest known turtles. These size estimates, however, must be
viewed with caution as they were calculated by direct compari-
son to the North American Apalone spinifera, which is notable
by having a relatively small carapace relative to a large nonossi-
fied flap. Although the presence of two sympatric giant pan-tri-
onychids in the same sedimentary basin seems improbable, we
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agree that it is prudent not to refer all to one taxon pending the
discovery of more complete material. Head et al. (1999) dis-
cussed possible affinities of Drazinderetes tethyensis with the
extant Nilssonia (their Aspideretes) on the basis of geographic
proximity and the presence of a preneural and several other
characters, but we note that the posterior constriction of the
carapace combined with the poor development of the free rib
ends furthermore show similarities with pan-cyclanorbines. As
it seems clear that Drazinderetes tethyensis is not nested within
either of these clades, we here make an exception and maintain
the monotypic genus to which it was referred.

The type of Drazinderetes tethyensis was recovered from
marine sediments, and Head et al. (1999) therefore suggested
that this animal may have been fully adapted to marine envi-
ronments. Although it is true that some extant trionychids ven-
ture into the marine realm from nearby freshwater to brackish
habitats (Taskavak et al. 1999), we note that these excursions
seem to be short lived, as sightings are relatively rare. We there-
fore believe it to be more likely that this animal was washed into
the sea from the nearby coast.

Khunnuchelys Brinkman et al., 1993

Type species. Khunnuchelys erinhotensis Brinkman et al., 1993.

Diagnosis. Khunnuchelys can be diagnosed as a member of Pan-
Trionychidae by the presence of a reduced quadratojugal that
does not contact the postorbital or maxilla and exclusion of the
fused premaxillae from the apertura narium externa. Khun-
nuchelys can be differentiated most notably from other pan-tri-
onychids by having a thick skull roof, an external narial opening
that is located ventral to the orbits, anteriorly oriented orbits,
high maxillae, a vaulted palate, maxillae that meet at the midline
of the palate to form a midventral ridge and secondary palate, a
large contribution of palatines to the triturating surface, and an
exclusion of the jugal from the margin of the orbit.

Comments. Khunnuchelys is a strange pan-trionychid taxon that
has been suggested to bear affinities, among others, with the
large Paleocene North American taxon “Trionyx” admirabilis,
the Eocene European Axestemys vittata, or even Pan-
Cyclanorbinae (Brinkman et al. 1993; Vitek and Danilov 2013;
Danilov, Vitek et al. 2015), but a rigorous phylogenetic analysis
is still not available that would clarify its affinities. Brinkman et
al. (1993) hypothesized that the highly vaulted palate was con-
sistent with a durophagous diet and that the rugose middorsal
ridge formed by the maxillae may have served as a pressure
point for crushing shells. Along those lines, hard-shelled inver-
tebrates, such as snails, clams, or even dinosaur eggs, have been
suggested as prey items for Khunnuchelys (Brinkman et al. 1993).

Khunnuchelys erinhotensis Brinkman et al., 1993

Taxonomic history. Khunnuchelys erinhotensis Brinkman et al.,
1993 (new species); Kunhuchelys erinhotensis Kordikova 2002
(incorrect spelling of genus name).

Type material. IVPP V9535 (holotype), partial skull missing
ventral margin of maxilla and jugal, posterior portion of cheek
region, and supraoccipital crest (Brinkman et al. 1993, figs.

1–3; Brinkman et al. 2008, fig. 79; Danilov and Vitek 2013, 
fig. 23.2h).

Type locality. 13 km northeast of Erinhot, Xilin Gol, Inner Mon-
golia, China (Figure 3); Iren Dabasu Formation (Brinkman et al.
1993), Campanian, Late Cretaceous (Xing et al. 2012).

Referred material and range. No specimens have been referred
to date.

Diagnosis. Khunnuchelys erinhotensis can be diagnosed as a
member of Khunnuchelys based on the full list of characters pro-
vided for that clade above. Khunnuchelys erinhotensis can be dif-
ferentiated most readily from other members of Khunnuchelys
by the presence of a formed posterior jugular foramen.

Comments. Khunnuchelys erinhotensis is known only from a
single, highly distinctive skull from the Late Cretaceous (Cam-
panian) of China (Brinkman et al. 1993; Danilov and Vitek
2013). Similar skulls have since been described from other Late
Cretaceous deposits, but these have all been diagnosed as other
species (see Khunnuchelys kizylkumensis and Khunnuchelys
lophorhothon below). Although the postcranial anatomy of this
species remains uncertain, its taxonomic validity is uncontro-
versial.

Khunnuchelys kizylkumensis
Brinkman et al., 1993

Taxonomic history. Khunnuchelys kizylkumensis Brinkman et
al., 1993 (new species).

Type material. CCMGE 8/12458 (holotype), a braincase and
skull roof (Nessov 1986, pl. 1.9; Brinkman et al. 1993, figs. 4–8;
Nessov 1997, pl. 13.18; Danilov and Vitek 2013, fig. 23.2i).

Type locality. Site CBI-28, Dzharakuduk (� Dzharakuduk II of
Nessov 1997), 35 km southwest of Mynbulak, Navoiy Region,
Uzbekistan (Brinkman et al. 1993; Figure 3); Bissekty Forma-
tion, late Turonian, Late Cretaceous (Brinkman et al. 1993; Vitek
and Danilov 2013).

Referred material and range. Late Cretaceous (late Turonian) of
type area, Navoiy Region, Uzbekistan (Vitek and Danilov 2013).

Diagnosis. Khunnuchelys kizylkumensis can be diagnosed as a
member of Khunnuchelys on the basis of all characters listed for
that taxon above. Khunnuchelys kizylkumensis can be differen-
tiated from Khunnuchelys erinhotensis by the presence of an
open foramen jugulare posterius and from Khunnuchelys
lophorhothon by lacking a flooring of the internal nares that is
formed by the palatines.

Comments. Khunnuchelys kizylkumensis is based on a partial
skull from the Late Cretaceous (late Turonian) of Uzbekistan
that was estimated to have exceeded 20 cm in length (Brinkman
et al. 1993; Vitek and Danilov 2013). The type locality also
yielded fragmentary shell remains of a large trionychid that may
reasonably be referred to this species as well (Brinkman et al.
1993; Vitek and Danilov 2013), but an actual association is still
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lacking. Another distinct but indeterminate skull-based taxon
has been described from the same locality (Trionychini indet.
of Vitek and Danilov 2013).

Khunnuchelys lophorhothon
Danilov, Vitek et al., 2015

Taxonomic history. Khunnuchelys lophorhothon Danilov, Vitek
et al., 2015 (new species); Khunnuchelys lorhophoton Li, Tong 
et al. 2015 (incorrect spelling of species epithet).

Type material. ZIN PH 5/55 (holotype), a partial skull (Danilov,
Vitek et al. 2015, fig. 2; Averianov et al. 2016, fig. 4i).

Type locality. Baybishe, Kyzylorda Region, Kazakhstan (Figure
3); Bostobe Formation, Santonian or early Campanian, Late
Cretaceous (Danilov, Vitek et al. 2015).

Referred material and range. Late Cretaceous (Santonian–early
Campanian), Bostobe Formation, Baykhozha, Kyzylorda Region,
Kazakhstan (referred material of Danilov, Vitek et al. 2015).

Diagnosis. Khunnuchelys lophorhothon can be diagnosed as a
member of Khunnuchelys on the basis of the full list of charac-
ters provided for that clade above. Khunnuchelys lophorhothon
can be differentiated from Khunnuchelys erinhotensis by the
presence of an open foramen jugulare posterius and from Khun-
nuchelys kizylkumensis by showing a flooring of the internal
nares that is formed by the palatines.

Comments. The holotype of Khunnuchelys lophorhothon, a par-
tial skull from the Late Cretaceous of Kazakhstan, was initially
identified as perhaps representing Lophorhothon, an ornithopod
dinosaur otherwise known from the USA (Nessov 1995a), but
actually represents the skull of a pan-trionychid (Danilov, Vitek
et al. 2015). Khunnuchelys lophorhothon may perhaps be synony-
mous with the shell based taxon “Trionyx” kansaiensis, which
also occurs in the Bostobe Formation (Vitek and Danilov 2010;
Danilov, Vitek et al. 2015). If correct, the species name should be
combined as Khunnuchelys kansaiensis. However, pending the
discovery of associated material, “T.” kansaiensis and Khun-
nuchelys lophorhothon are herein treated as distinct, valid species.

Kuhnemys Chkhikvadze, 1999b

Type species. Aspideretes maortuensis Yeh, 1965.

Diagnosis. Kuhnemys can be diagnosed as a member of Pan-
Trionychidae by the full list of characters provided for that clade
above. Kuhnemys can be differentiated from other Cretaceous to
Paleogene pan-trionychids by the unique combination of shell
characters: absence of a preneural, ratio of nuchal width to
length greater than four, small or absent costals VIII, unfused
hyo-hypoplastra, and two lateral hyoplastral processes.

Comments. Danilov et al. (2014) recently grouped three Late
Cretaceous to Paleocene trionychids from Asia into a clade that
they fittingly named Gobiapalone. We here confirm that the type
of Trionyx maortuensis, as described, does not fit the diagnosis
of Gobiapalone (Danilov et al. 2014), but personal observations
of this specimen lead us to conclude that it should be placed in

Gobiapalone as well. As described, T. maortuensis has a com-
plete row of eight neurals that potentially separate the costal
series completely, but our observations reveal the presence of
only seven neurals and a midline contact of costals VII and VIII,
as in Gobiapalone. Trionyx maortuensis furthermore resembles
Gobiapalone by having greatly reduced costals VIII (damage to
the posterior margin is only minor), open suprascapular
fontanelles, and poorly developed plastral callosities. New
insights into the age of T. maortuensis reveals that it is likely Late
Cretaceous (Turonian) in age, not late Early Cretaceous (Apt-
ian/Albian), and therefore the same age as Gobiapalone orlovi.
These species greatly resemble one another, but we nevertheless
confirm their validity herein.

Trionyx maortuensis is the type species of Kuhnemys
Chkhikvadze, 1999b, which has priority over Gobiapalone
Danilov et al., 2014. This is somewhat unfortunate, because the
name Kuhnemys is similar to Khunnuchelys, the other valid
genus we use herein, and because we find Gobiapalone to be
more euphonious. We are nevertheless forced to propose new
combinations for all taxa previously assigned to Gobiapalone.

Kuhnemys breviplastra (Danilov et al., 2014),
comb. nov.

Taxonomic history. Gobiapalone breviplastra Danilov et al., 2014
(new species).

Type material. PIN 4694-3 (holotype), a partial shell (Danilov 
et al. 2014, fig. 10f, g).

Type locality. Ulan Khushu (� Ulan Bulak), Ömnögovi (�
Umunugovi) Aimag, Mongolia (Figure 3); Nemegt Formation,
Maastrichtian, Late Cretaceous (Danilov et al. 2014).

Referred material and range. Late Cretaceous (Campanian),
Barungoyot Formation, Nogon Tsav and Bugin Tsav,
Bayankhongor and Ömnögovi Aimag, respectively, Mongolia
(referred material of Danilov et al. 2014); Late Cretaceous
(Maastrichtian), Nemegt Formation, Bugin Tsav, Ömnögovi
Aimag, Mongolia (referred material of Danilov et al. 2014).

Diagnosis. Kuhnemys breviplastra can be diagnosed as a mem-
ber of Pan-Trionychidae and Kuhnemys by the full list of charac-
ters provided for those clades above. Kuhnemys breviplastra can
be differentiated from Kuhnemys orlovi and Kuhnemys
maortuensis by having open suprascapular fontanelles in large
specimens, more massive epiplastra, entoplastron, and
xiphiplastra, an angle of more than 80° between the arms of the
entoplastron, and a reduced count of medial hyoplastral
processes. It can be differentiated from Kuhnemys palaeocenica
by having a square neural V and shorter anterior epiplastral
processes.

Comments. Kuhnemys breviplastra is known from several cara-
paces, plastra, and postcranial elements from the Late Creta-
ceous of Mongolia (Danilov et al. 2014). The availability of adult
and juvenile individuals enables the study of intraspecific and
ontogenetic variation for this taxon. Given the high quality of
the available material, the validity of this species is not contro-
versial.
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Kuhnemys maortuensis (Yeh, 1965)
(� Trionyx alashanensis Yeh, 1965)

Taxonomic history. Aspideretes maortuensis Yeh, 1965 (new
species); Axestemys maortuensis Kordikova 1994a (new combi-
nation); Kuhnemys maortuensis Chkhikvadze 1999b (new com-
bination); Dogania maortuensis Karl 1999b (new combination).

Type material. IVPP V2864 (holotype), incomplete postcranium
with parts of carapace, plastron, and girdles, two cervical verte-
brae, and the right pes (Yeh 1965, fig. 1, pls. I–II).

Type locality. Dashukou, Maortu (� Maorty), Alxa (�
Alashan), Inner Mongolia, China (Yeh 1965; Brinkman et al.
2008; Figure 3); Ulansuhai Formation, Turonian, Late Creta-
ceous (Brusatte et al. 2009).

Referred material and range. Late Cretaceous (Turonian) of the
type locality, Inner Mongolia, China (type material of Aspideretes
alashanensis; Yeh 1965).

Diagnosis. Kuhnemys maortuensis can be diagnosed as a mem-
ber of Pan-Trionychidae by the full list of shell characters pro-
vided for that clade above and of Kuhnemys by absence of a
preneural, small costals VIII, and unfused hyo-hypoplastra.
Kuhnemys maortuensis can be differentiated from Kuhnemys
breviplastra by having an angle of less than 100° between the
arms of the entoplastron and from Kuhnemys palaeocenica and
Kuhnemys orlovi by having additional medial hyo- and
hypoplastral processes and the reversal at neural VI.

Comments. Kuhnemys maortuensis is based on a partial skele-
ton that most notably lacks the nuchal and the lateral aspects of
the plastron (Yeh 1965). The same locality also yielded the type
of Trionyx alashanensis (Yeh 1965). The age of the holotype has
variously been reported as Early Cretaceous or Late Cretaceous
(e.g., Yeh 1965; Brinkman et al. 2008), but without much dis-
cussion. The rich dinosaur fauna from the locality of Maortu
has been reported as originating from the Ulansuhai Formation,
and we here presume that the holotype of Kuhnemys maortuen-
sis was collected from that formation as well. This formation was
initially believed to be Early Cretaceous (Aptian/Albian) based
on the dinosaur fauna it contained, but we here concur with
Brusatte et al. (2009) by accepting a Late Cretaceous (Turonian)
age, as established by radiometric dating of basalt flows below
the formation.

Over the course of the decades, Kuhnemys maortuensis was
variously referred to Aspideretes, Axestemys, or Dogania (Yeh
1965; Kordikova 1994a; Karl 1999b). The holotype of Kuhne-
mys maortuensis was initially reported as having eight neurals
and perhaps lacking a midline contact of the costals, but our
personal observation of the type specimen reveals that this spec-
imen shows a more usual arrangement of seven neurals and a
midline contact of costals VII and VIII. Using a stratigraphic
rationale, Yeh (1965) furthermore presumed that a preneural
may have been present, but we see no evidence for its former
presence. A thorough redescription of the type specimen would
certainly help to anchor these observations into the literature.
The validity of this taxon is nevertheless uncontroversial (see
Kuhnemys above for additional comments). We here also syn-
onymize Trionyx alashanensis with Kuhnemys maortuensis, as

the type material corresponds in all important aspects (see T.
alashanensis below).

Kuhnemys orlovi (Khosatzky, 1976), comb. nov.

Taxonomic history. Amyda orlovi Khosatzky in Sochava 1975
(nomen nudum); Amyda orlovi Khosatzky, 1976 (new species);
Gobiapalone orlovi Danilov et al. 2014 (new combination).

Type material. PIN 557-132/1 (formerly PIN 557-1/1) (holo-
type), incomplete carapace (Khosatzky 1976, no figure;
Sukhanov 2000, fig. 17.27; Danilov and Vitek 2013, fig. 23.2b1;
Danilov et al. 2014, fig. 7f).

Type locality. Bayn Shire, Dornogovi Aimag, Mongolia (Khosatzky
1976; Figure 3); lower part of the Baynshire Formation, Cenoman-
ian–early Turonian, Late Cretaceous (Danilov et al. 2014).

Referred material and range. Late Cretaceous (Cenomanian–
Santonian), Baynshire Formation, Burkhant, Unegetu Ula, and
Khongil, Dornogovi Aimag, Mongolia (referred material of
Danilov et al. 2014).

Diagnosis. Kuhnemys orlovi can be diagnosed as a member of
Pan-Trionychidae and Kuhnemys by the full list of characters
provided for those clades above. Kuhnemys orlovi can be differ-
entiated from Kuhnemys breviplastra and Kuhnemys
palaeocenica by having closed suprascapular fontanelles in large
specimens, more slender epiplastra, entoplastron, and xiphiplas-
tra, and an angle of less than 80° between the arms of the ento-
plastron. It can be differentiated from Kuhnemys maortuensis
by possessing a square sixth neural and more pectinate medial
hyo- and hypoplastral processes.

Comments. The early Late Cretaceous Baynshire Formation in
Mongolia has yielded rich remains of trionychids, of which
most, including nearly complete skeletons that include well-pre-
served crania, are referable to Kuhnemys orlovi (Danilov et al.
2014). Kuhnemys orlovi is therefore well diagnosed, and the
validity of this species uncontroversial.

Kuhnemys palaeocenica (Danilov, Sukhanov 
et al., 2015), comb. nov.

Taxonomic history. Gobiapalone palaeocenica Danilov, Sukhanov
et al., 2015 (new species).

Type material. PIN 3639/13 (holotype), an incomplete articu-
lated skeleton of a juvenile individual, including an almost com-
plete shell, two or three posterior cervical vertebrae, limb girdles,
both humeri, hind limbs, and anterior caudal vertebrae
(Danilov, Sukhanov et al. 2015, fig. 1).

Type locality. Site 3, Ömnögovi (� Umunugovi) Aimag, Mon-
golia ( Danilov, Sukhanov et al. 2015; Figure 3); lowermost part
of the Naran Member, Naranbulak Formation, late Paleocene
(Danilov,  Sukhanov et al. 2015).

Referred material and range. No specimens have been referred
to date.
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Diagnosis. Kuhnemys palaeocenica can be diagnosed as a mem-
ber of Pan-Trionychidae and Kuhnemys by the full list of charac-
ters provided for those clades above. Kuhnemys palaeocenica can
be differentiated from other members of Kuhnemys by a square
neural IV and simplified medial hyoplastral processes.

Comments. Kuhnemys palaeocenica is based on a nearly complete
skeleton from the Paleocene of Mongolia that Danilov, Sukhanov
et al. (2015) speculated to be a juvenile, as it only has a CL of 12.5
cm and confluent suprascapular fontanelles. Although we nor-
mally discourage the use of juveniles as the basis for taxa, we make
an exception here, as the specimen is well preserved. Kuhnemys
palaeocenica constitutes the only valid and only reliable record of
a pan-trionychid in the Paleocene of Asia, as all other occurrences
from this epoch are based on indeterminate material. Further-
more, this taxon indicates the survivorship of the genus Kuhnemys
across the K/T boundary ( Danilov, Sukhanov et al. 2015).

Murgonemys braithwaitei White, 2001

Taxonomic history. Murgonemys braithwaitei White, 2001 (new
species).

Type material. QM F41129 (holotype), a nearly complete cara-
pace and a left xiphiplastron (White 2001, figs. 1, 3, 5).

Type locality. Tingamarra, Murgon, Queensland, Australia (Fig-
ure 5); Oakdale Sandstone Formation, early Eocene (White
2001).

Referred material and range. Early Eocene of the type locality,
Queensland, Australia (referred material of White 2001).

Diagnosis. Murgonemys braithwaitei can be diagnosed as a
member of Pan-Trionychidae by the presence of sculpturing that
covers all metaplastic portions of the shell bones and the absence
of peripherals, pygals, suprapygals, and shell scutes. Murgone-
mys braithwaitei can be differentiated from other pan-triony-
chids by the presence of an expanded trapezoidal preneural,
which is more than twice as wide as the neurals, and a xiphiplas-
tron with a six-pronged medial flange.

Comments. Murgonemys braithwaitei is based on a well-pre-
served carapace and an associated left xiphiplastron from the
Eocene of Australia. This is a rather bizarre taxon whose
anatomy seems to be a mosaic of different pan-trionychid clades.
White (2001) originally considered pan-trionychine affinities
for his new species on the basis of the anterior process of the
xiphiplastron being lateral to the posterior process of the
hypoplastron. We note here, however, that the presence of
costals that cover most of the underlying ribs, a large, unusually
shaped preneural, the absence of neural series reversal, and the
posterior tapering of the carapace are reminiscent of cyclanor-
bines, although there is no evidence of split costiform processes,
large costals VIII, or well-developed plastral callosities, thereby
contradicting the association with this group at the same time
(Meylan 1987; Vitek and Joyce 2015). The origins of Murgone-
mys braithwaitei are totally unclear as all other pan-trionychids
recovered from Australia, including the only other named taxon,
Trionyx australiensis, are from the Plio-Pleistocene and are too
fragmentary to allow rigorous identification beyond the family

level (Gaffney and Bartholomai 1979). A possible origin from
South America, much like coeval meiolaniids (Sterli 2015), can
be ruled out, however, as pan-trionychids are not known from
the Paleogene of that continent (Vitek and Joyce 2015). The
validity of Murgonemys braithwaitei is uncontroversial, and its
morphologically, geographically, and temporally isolated nature
prompts us to retain the species within its own monotypic genus.

Perochelys lamadongensis Li, Joyce, and Liu, 2015

Taxonomic history. Perochelys lamadongensis Li, Joyce, and Liu,
2015 (new species).

Type material. IVPP V18048 (holotype), a nearly complete
skeleton, comprising cranium, carapace, plastron, vertebrae, and
limb elements (Li, Joyce, and Liu 2015, figs. 1–3).

Type locality. Xiaotaizi locality, Lamadong, Jianchang County,
Liaoning Province, China (Li, Joyce, and Liu 2015; Figure 3);
Jiufotang Formation, Aptian, Early Cretaceous (Li, Joyce, and
Liu 2015).

Referred material and range. No specimens have been referred
to date.

Diagnosis. Perochelys lamadongensis can be diagnosed as a
member of Pan-Trionychidae by the full list of shell characters
provided for that clade above. Among Early Cretaceous pan-
trionychids, Perochelys lamadongensis can be differentiated
from “Trionyx” jixiensis and Petrochelys kyrgyzensis by having
a poorly developed nuchal that is only lightly attached to the
remaining carapacial disk, a continuous neural series that fully
separates the costals from one another, and greatly reduced
costals VIII.

Comments. Perochelys lamadongensis is based on a single, nearly
complete skeleton from the Early Cretaceous (Aptian) Jehol
Fauna of China (Li, Joyce, and Liu 2015). Given the complete
nature of the type specimen, the validity of this species is not
controversial, because it can be readily distinguished from all
other named pan-trionychids. Even though P. lamadongensis is
one of the oldest known pan-trionychids, its skeletal morphol-
ogy corresponds to that of crown trionychids in all major
aspects, thereby documenting the evolutionary stasis of the
group. The phylogenetic placement of Perochelys lamadongen-
sis within Pan-Trionychidae therefore remains opaque, appar-
ently because of the high levels of homoplasy within
pan-trionychids (Meylan 1987; Li, Joyce, and Liu 2015; Vitek
and Joyce 2015).

Petrochelys kyrgyzensis (Nessov, 1995b)

Taxonomic history. Trionyx kyrgyzensis Nessov, 1995b (new
species); Kuhnemys kyrgyzensis Chkhikvadze 1999b (new com-
bination); Petrochelys kyrgyzensis Vitek et al. 2017 (new combi-
nation).

Type material. CCMGE 186/12458 (holotype), an incomplete
isolated xiphiplastron (Nessov 1995b, figs. 3gg; Danilov and
Vitek 2013, fig. 23.3b.1).
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Type locality. Left bank of Sarykungoi Spring, Kylodzhun (�
Klaudzin), Osh Province, Kyrgyzstan (Nessov 1995b; Vitek and
Danilov 2010; Figure 3); Alamyshik Formation, Albian, Early
Cretaceous (Danilov and Vitek 2013).

Referred material and range. Early Cretaceous (Albian) of type
locality, Osh Province, Kyrgyzstan (referred material of Nessov
1995).

Diagnosis. Petrochelys kyrgyzensis can be diagnosed as a mem-
ber of Pan-Trionychidae by the full list of shell characters listed
for that clade above. Among Early Cretaceous pan-trionychids,
Petrochelys kyrgyzensis can be differentiated from Perochelys
lamadongensis by exhibiting a fully formed nuchal and enlarged
costals VII and VIII that have a midline contact. Among Creta-
ceous pan-trionychids known from cranial material, Petrochelys
kyrgyzensis can be differentiated by the presence of a single
hypoglossal foramen, a confluent foramen jugulare posterius
and fenestra postotica, and the presence of a triturating surface
separate from the rest of the palate. Only geographic consider-
ations allow us to distinguish “Trionyx” jixiensis from Petrochelys
kyrgyzensis (see below).

Comments. Petrochelys kyrgyzensis is based on a xiphiplastron
from the Albian of Kyrgyzstan and represents one of the earli-
est known pan-trionychids. Additional material from the type
locality, including shell and appendicular elements, vertebrae, a
braincase, and a lower jaw have also been referred to this taxon
(Nessov 1995b). Like many other Cretaceous Asian pan-triony-
chids, the affinities of this taxon remain unclear (e.g., Chkhik-
vadze 1999b), mostly because high levels of homoplasy make it
difficult to discern phylogenetic relationships in pan-triony-
chids, although a recent phylogenetic analysis retrieved it well
within pan-trionychines (Vitek et al. 2017). The cranium of the
holotype was recently described in detail (Vitek et al. 2017) but
a thorough review of the postcranium is still outstanding. We
nevertheless tentatively accept the validity of this taxon.

Pan-Cyclanorbinae New Clade Name

Phylogenetic definition. The name Pan-Cyclanorbinae is herein
referred to the total clade of Cyclanorbinae, which in return is
defined as the crown clade of all extant turtles that are more
closely related with Cyclanorbis senegalensis (Duméril and
Bibron, 1835) than Trionyx triunguis (Forskål, 1775).

Diagnosis. Pan-Cyclanorbinae can be diagnosed as a member of
Pan-Trionychidae based on the full list of characters provided
above for that clade. Pan-Cyclanorbinae can be differentiated
from other pan-trionychids by the unique combination of the
following shell characters: presence of concave posterolateral
margin of the carapace, split costiform processes, costal ossifica-
tions that fully cover the ribs, large costals VIII, preneural, and
seven large neurals, fusion of the hyo-hypoplastra soon after
hatching, hypoplastra lateral to the xiphiplastra at the hypo-
xiphiplastral suture, and the presence of extensive epiplastral,
entoplastral, and xiphiplastral callosities.

Comments. The fossil record of pan-cyclanorbines is rather
poor and was restricted until recently to the Neogene of Africa

and India (Lydekker 1885; Meylan et al. 1990) in an area that
roughly approximates their current distribution in Africa and
the Indian subcontinent (Ernst and Barbour 1989). The recent
reinterpretation of North American plastomenids as potential
stem cyclanorbines (Joyce and Lyson 2010a) combined with the
identification of an unambiguous Late Cretaceous pan-
cyclanorbine from Mongolia (Danilov et al. 2014) radically
changed our understanding of the evolution of these turtles,
implying a rather large ghost lineage and a formerly more exten-
sive distribution. Given that pan-cyclanorbines are mostly
known from shell material, we here only diagnose this taxon
using shell characters. A more extensive list of characters is avail-
able in Meylan (1987).

Cyclanorbis Gray, 1854

Type species. Cyclanorbis petersii Gray, 1854 (� Cryptopus sene-
galensis Duméril and Bibron, 1835).

Diagnosis. Cyclanorbis can be diagnosed as a member of Pan-
Trionychidae and Pan-Cyclanorbinae based on the full list of
characters provided for those clades above. Cyclanorbis can be
differentiated from other cyclanorbines by lacking split costi-
form processes and a variable tendency of the costals to divide
the neural series by meeting along the midline.

Comments. Dacqué (1912) reported a large shell fragment from
the Miocene of Egypt that he attributed to Cyclanorbis, but this
fragment has since been shown to be a carettochelyid (Lappar-
ent de Broin 2000; Joyce 2014). Meylan et al. (1990), Lapparent
de Broin and Gmira (1994), and Karl (2012) reported rich
remains from the Mio-Pleistocene of Kenya, Uganda, and
Malawi, respectively, that they variously attributed to Cyclanor-
bis or the extant species Cyclanorbis elegans and Cyclanorbis sene-
galensis, but given that most remains are not figured and that
detailed stratigraphic data are not reported for most localities, we
are only able to partially confirm these identifications (Appen-
dix 3). Lapparent de Broin (2000) listed several Cyclanorbis
occurrences throughout Africa, but none of the relevant mate-
rial seems to be figured, and we therefore dismiss these occur-
rences herein. We here once again restrict our diagnosis to
characters that pertain to the shell, as only this region is relevant
for the available fossil material.

Cyclanorbis turkanensis Meylan et al., 1990

Taxonomic history. Cyclanorbis turkanensis Meylan et al., 1990
(new species).

Type material. NMK KP17196 (holotype), a carapace, missing
costals VIII and the lateral portions of all left costals (Meylan 
et al. 1990, fig. 2).

Type locality. Kanapoi, Rift Valley Province, Kenya (Figure 6);
Bed E, Zanclean, early Pliocene (Meylan et al. 1990).

Referred material and range. No specimens have been referred
to date.

Diagnosis. Cyclanorbis turkanensis can be diagnosed as a mem-
ber of Pan-Trionychidae, Pan-Cyclanorbinae, and Cyclanorbis by
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the full list of carapacial characters provided for those clades
above. Cyclanorbis turkanensis can be differentiated from other
Cyclanorbis species by large size (CL of about 62 cm) and hyper-
trophied and distinctly V-shaped dorsal centra.

Comments. Cyclanorbis turkanensis is based on a partial shell
from the early Pliocene of Kenya that can be easily diagnosed as
a representative of Cyclanorbis by lacking subdivided costiform
processes. This species convincingly documents the former dis-
tribution of the Cyclanorbis lineage outside its current range
along the Ivory Coast of the African continent. The validity of
this species is not controversial.

Cycloderma Peters, 1854

Type species. Cycloderma frenatum Peters, 1854

Diagnosis. Cycloderma can be diagnosed as a member of Pan-
Trionychidae and Pan-Cyclanorbinae based on the full list of
characters provided above for those clades. Cycloderma can be
differentiated from other pan-cyclanorbines by the presence of
I-shaped epiplastra, combined with the symplesiomorphic
retention of split costiform processes and a continuous neural
series.

Comments. Similarly to Cyclanorbis, several fossil specimens
from the Pliocene until the Holocene of Africa have been attrib-
uted to Cycloderma (Lapparent de Broin 2000). Only a thorough
redescription of these remains, along with a reevaluation of the
taxonomic characters of cyclanorbines, will clarify whether these
taxonomic assignments are valid. Among the most important
finds that were figured and described, and can be therefore con-
fidently assigned to Cycloderma, are the extinct taxa Cycloderma
victoriae and Cycloderma debroinae from the Miocene and
Pliocene, respectively, of Kenya (Meylan et al. 1990), a carapace
from the Pleistocene of Uganda (Arambourg 1947), and mate-
rial from the Plio-Pleistocene of Kenya and Malawi (Wood 1979;
Meylan et al. 1990; Karl 2012).

Cycloderma debroinae Meylan et al., 1990

Taxonomic history. Cycloderma debroinae Meylan et al., 1990
(new species); Cycloderma debrionae Wood 2013 (incorrect
spelling of species epithet).

Type material. NMK LT17200 (holotype), nearly complete
skeleton including most of the carapace and plastron, complete
girdles, significant portions of all four limbs, portions of the cer-
vical and caudal vertebral columns, and fragments of the skull
and hyoid (Meylan et al. 1990, figs. 9–10).

Type locality. Lothagam Hill, Turkana District, Rift Valley
Province, Kenya (Figure 6); Pliocene (Meylan et al. 1990).

Referred material and range. No specimens have been referred
to date.

Diagnosis. Cycloderma debroinae can be diagnosed as a mem-
ber of Pan-Trionychidae, Pan-Cyclanorbinae, and Cycloderma
by the full list of shell characters provided for those clades above.

Cycloderma debroinae can be differentiated from Cycloderma
aubryi, by lacking well-developed entoplastral callosities, and
from Cycloderma frenatum by having a deep nuchal notch and
expanded distal margin of costals II. Cycloderma debroinae can
currently only be distinguished from Cycloderma victoriae using
temporal considerations.

Comments. Cycloderma debroinae is based on a well-pre-
served, nearly complete skeleton from the early Pliocene of
Kenya (Meylan et al. 1990), whereas Cycloderma victoriae is
based on a relatively complete carapace from the early
Miocene of the same country (Andrews 1914). Phylogenetic
analysis places Cycloderma debroinae and Cycloderma vic-
toriae as sisters to the extant Cycloderma aubryi, which
occurs in the same region today, though with a notably dif-
ferent morphology (Meylan et al. 1990). We can only distin-
guish Cycloderma victoriae from Cycloderma debroinae
using stratigraphic arguments, as the carapaces of both taxa
only show a minimal amount of variation. Given that Cyclo-
derma debroinae differs substantially from the extant Cyclo-
derma aubryi in the development of its plastron, however,
we speculate that future finds may also reveal a unique mor-
phology for the Miocene taxon as well, and we therefore
retain both taxa for the moment.

Cycloderma victoriae Andrews, 1914

Taxonomic history. Cycloderma victoriae Andrews, 1914 (new
species).

Type material. BMNH R4105 (holotype), almost complete cara-
pace (Andrews 1914, pl. 27.1–3; Meylan et al. 1990, fig. 8).

Type locality. Bed 21 at Kachuku, adjacent to the eastern shore
of Lake Victoria, Nyanza Province, Kenya (Andrews 1914; Mey-
lan et al. 1990; Figure 6); Burdigalian, early Miocene (Drake et
al. 1988; Joyce et al. 2013).

Referred material and range. No specimens have been referred
to date.

Diagnosis. Cycloderma victoriae can be diagnosed as a represen-
tative of Pan-Trionychidae, Pan-Cyclanorbinae, and Cycloderma
by the full list of carapacial characters provided for those clades
above. Cycloderma victoriae can be differentiated from Cyclo-
derma frenatum by having a deep nuchal notch and expanded
distal margin of costals II. Cycloderma victoriae can currently
only be distinguished from Cycloderma debroinae using tempo-
ral considerations.

Comments. For a brief discussion on fossil Cycloderma species,
see Cycloderma debroinae above.

Nemegtemys conflata Danilov et al., 2014

Taxonomic history. Nemegtemys conflata Danilov et al., 2014
(new species).

Type material. ZIN PH 1/157 (holotype), lateral fragment of left
hyo-hypoplastra (Danilov et al. 2014, figs. 3, 17f).
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Type locality. Nemegt, Ömnögovi (� Umunugovi) Aimag,
Mongolia (Figure 3); Nemegt Formation, Maastrichtian, Late
Cretaceous (Danilov et al. 2014).

Referred material and range. Late Cretaceous (Maastrichtian),
Nemegt Formation, Bugin Tsav, Ömnögovi (� Umunugovi)
Aimag, Mongolia (referred material of Danilov et al. 2014).

Diagnosis. Nemegtemys conflata can be diagnosed as a member
of Pan-Trionychidae and Pan-Cyclanorbinae by all characters
listed above for those clades that pertain to the hyo-hypoplas-
tron. Nemegtemys conflata can be differentiated from other pan-
cyclanorbines by its small size and the presence of a small
hyoplastral lappet.

Comments. Nemegtemys conflata is based on a partial hyo-
hypoplastron that represents the oldest unambiguous pan-
cyclanorbine in the Old World. The remaining fossil record of the
group in the Old World is restricted to the Neogene of Africa and
the Indian subcontinent, implying a significant ghost lineage and
dispersal outside the original ancestral area in central Asia (Danilov
et al. 2014). The validity of this taxon is not controversial.

Pan-Trionychinae New Clade Name

Phylogenetic definition. The name Pan-Trionychinae is herein
referred to the total clade of Trionychinae, which in return is
defined as the crown clade arising from the common ancestor
of all extant turtles more closely related to Trionyx triunguis
(Forskål, 1775) than Cyclanorbis senegalensis (Duméril and
Bibron, 1835).

Diagnosis. Pan-Trionychinae can be diagnosed as a member of
Pan-Trionychidae based on the full list of characters provided
above for that clade. Among extant trionychids, representatives
of Pan-Trionychinae can be easily differentiated from represen-
tatives of Pan-Cyclanorbinae by an extensive list of characters,
but it remains unclear which of these characters are derived, as
opposed to plesiomorphies.

Comments. Extant trionychids form two monophyletic clades,
Cyclanorbinae and Trionychinae, that are easily distinguished
from one another by an extensive list of characters (Meylan
1987). If the characters that diagnose the extant groups are
applied to the fossil record literally, one must conclude that
nearly all known Cretaceous and Paleogene must be represen-
tatives of the trionychine lineage (with the notable exception of
Nemegtemys conflata and Murgonemys braithwaitei) and that no
trionychid stem lineage is apparent. Although this may be the
true signal, it seems plausible that the trionychine morphotype
may be ancestral to the crown (Joyce and Lyson 2010a). We
herein therefore only refer those fossils to Pan-Trionychinae that
are attributable to extant trionychine genera. This section there-
fore is mostly restricted to the Neogene.

Pelodiscus Fitzinger, 1836

Type species. Trionyx sinensis Wiegmann, 1835.

Diagnosis. Pelodiscus can be diagnosed as a member of Pan-Tri-
onychidae by the presence of all characters listed for that clade

above. Pelodiscus can be differentiated from all other pan-tri-
onychids by small size, absence of a preneural, suprascapular
fontanelles that only close in mature adults, extremely elongate
anterior epiplastral processes, seven callosities, and xiphiplastra
that are broader than long.

Pelodiscus gracilia (Yeh, 1963), comb. nov.

Taxonomic history. Amyda gracilia Yeh, 1963 (new species); Tri-
onyx sinensis � T. gracilis Ml⁄ ynarski 1976 (new combination,
junior synonym, incorrect spelling of species epithet).

Type material. IVPP V1038 (holotype), a carapace, with left
costals I–IV, right costals I and VII, and the last two neurals
damaged, seven cervical vertebrae, complete left pectoral girdle,
right coracoid, complete left and right pelvic girdles, left
xiphiplastron and additional fragments of the plastron (Yeh
1963, figs. 33, 34, pl. 21.1–7; Ye 1994, fig. 76).

Type locality. Yushe County, Shanxi (� Shansi) Province, China
(Figure 3); Pliocene (Yeh 1963).

Referred material and range. No specimens have been referred
to date.

Diagnosis. Pelodiscus gracilia can be diagnosed as a member of
Pan-Trionychidae by the full list of shell characters provided for
that clade above and Pelodiscus by small size, absence of a pre-
neural, suprascapular fontanelles that only close in mature
adults, and xiphiplastra that are broader than long. Pelodiscus
gracilia can be differentiated from Pelodiscus sinensis by larger
costals VIII.

Comments. Pelodiscus gracilia is based on a partial skeleton from
the Pliocene of Yushe County, China (Yeh 1963), within the cur-
rent range of the extant Pelodiscus sinensis (TTWG 2014). Yeh
(1963) already noted strong resemblance with Pelodiscus sinen-
sis but nevertheless referred this species to Amyda. Ml⁄ynarski
(1976), on the other side, confirmed close resemblance with
Pelodiscus sinensis but suggested synonymy with it instead. We
herein agree that both Pelodiscus gracilia and Pelodiscus sinensis
are extremely similar by being small sized, having a broad
nuchal, possessing open suprascapular fontanelles, and having
broad xiphiplastra, but we note that the type of Pelodiscus gra-
cilia possesses much larger costals VIII than the extant Pelodis-
cus sinensis. We therefore confirm the validity of this species. A
second species with clear affinities with the Pelodiscus lineage,
Trionyx sinuosus Chow and Yeh, 1958, was named from this
region that could have priority over Pelodiscus gracilia, but we
here disregard this taxon, as it is based on fragmentary material
(see below).

Rafetus Gray, 1864

Type species. Testudo euphratica Daudin, 1801.

Diagnosis. Rafetus can be diagnosed as a representative of Pan-
Trionychidae by the full list of characters provided for that clade
above. Using shell characters, Rafetus is most readily differenti-
ated from other pan-trionychids by the combined absence of a
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preneural, presence of seven neurals of which neural V or VI is
square, highly reduced costals VIII, a reduced count of medial
hyo- and hypoplastral processes, and poorly developed callosi-
ties that are restricted to the hyo-hypoplastron.

Rafetus bohemicus (Liebus, 1930), comb. nov.

Taxonomic history. Trionyx bohemicus Liebus, 1930 (new
species); T. triunguis � [Aspidonectes gergensi] � T. aspidi-
formis � T. bohemicus � T. brunhuberi � T. croaticus � T.
elongatus � T. hilberi � T. hoernesi � [T. oweni] � [T.
partschii] � T. peneckei � T. petersi � T. petersi trifailensis �
[T. pliocenicus] � T. pontanus � T. preschenensis � T.
pseudovindobonensis � T. senckenbergianus � T. septemcosta-
tus � T. siegeri � T. sophiae � T. stadleri � T. stiriacus � T. tey-
leri � T. vindobonensis Karl 1998 (junior synonym); Rafetus
pontanus � T. aspidiformis � T. bohemicus � T. elongatus � T.
preschenensis Chkhikvadze 1999b (junior synonym).

Type material. The syntype series consists of the following spec-
imens: MMUL 633/2a/G 12908 and MMUL 633/2b/G 12941, a
complete carapace with its imprint (Liebus 1930, pl. 1.1); NMP
1485, a carapace (Liebus 1930, pl. 2.1); MMUL 1444/G 12927,
an entoplastron (Liebus 1930, pl. 2.2); MMUL 1447/G 12931,
an epiplastron (Liebus 1930, pl. 2.3); NMP P9640, an epiplas-
tron (Liebus 1930, pl. 2.4); MMUL 1486/G 12939, a hyoplastron
(Liebus 1930, pl. 2.5); MMUL 1035/G 12915, a right hypoplas-
tron (Liebus 1930, pl. 2.6); MMUL 1038/G 12918, a xiphiplas-
tron (Liebus 1930, pl. 3.1); MMUL 1036/G 12916 and MMUL
1041/G 12921, a partial pelvic girdle and its imprint (Liebus
1930, pl. 3.2); MMUL 1442/G 10193, a complete skull (Liebus
1930, pl. 3.3); MMUL 631/G 12912, a partial pectoral girdle
(Liebus 1930, pl. 3.4); MMUL 1451/G 12933, a cervical vertebra
(Liebus 1930, pl. 3.5); MMUL 1461/G 12937, a partial epiplas-
tron; MMUL 1037/G 12917, a xiphiplastron; MMUL 1443/G
12926, a skull; MMUL 1048/G 10194, a skull; MMUL 1037/G
12917 and MMUL 1042, a skull and xiphiplastron and their
imprints; MMUL 1043/G 12923, a skull; MMUL 1045/G 12925,
a mandible; MMUL 1450/G 12932, a radius and an ulna;
MMUL 1453/G 12935, a fibula; MMUL 1446/G 12929 and
MMUL 1445/G 12930, a tibia with and epiplastron fragment
and its imprint; MMUL 1462/G 12938, a left femur.

Type locality. Břestány (� Preschen), near Bilina, Ústí nad
Labem, Czechia (Liebus 1930; Figure 4); Most Formation, MN
3, Burdigalian, early Miocene (Aguilar et al. 1997).

Referred material and range. No specimens are referred herein.

Diagnosis. Rafetus bohemicus can be diagnosed as a member of
Pan-Trionychidae and Rafetus by the full list of shell characters
listed for those clades. Rafetus bohemicus is differentiated from
Rafetus swinhoei by being significantly smaller and from Rafe-
tus euphraticus by having a more pronounced constriction to
the xiphiplastra.

Comments. Liebus (1930) established Rafetus bohemicus on the
basis of abundant skeletal material from the early Miocene of
Břestány, Czechia. Like most fossil trionychids, the phylogenetic
affinities and taxonomic validity of this taxon were mostly
ignored over the course of the subsequent decades, but Karl

(1998) more recently proposed that this species is synonymous
with Trionyx triunguis, whereas Chkhikvadze (1999b) suggested
junior synonymy with the coeval T. pontanus, which he referred
to Rafetus.

We here conclude that the described pan-trionychid
remains from the Miocene of Europe can be grouped into two
morphotypes that broadly agree with the extant Trionyx triun-
guis and Rafetus euphraticus, but also that representatives of
these two lineages can only be differentiated rigorously using
plastral remains. Whereas many Miocene pan-trionychids can
be attributed to the T. triunguis lineage, only a single find, the
type material of bohemicus, can be attributed to the Rafetus
euphraticus lineage with confidence based on the absence of
plastral callosities on the xiphiplastra. We therefore agree with
Chkhikvadze (1999b) that the Rafetus lineage was present dur-
ing the Miocene in Europe but consider bohemicus to be valid,
not pontanus, as the latter taxon is not represented by plastral
material. The T. triunguis and Rafetus euphraticus lineages can
furthermore be distinguished by the relative size of the costals
VIII, but this character shows much variation and should there-
fore be used with caution, the primary reason why we herein
disregard all Miocene taxa that are based on carapacial material
alone. Along those lines, we note that the types of T. moldavien-
sis, T. pontanus, and T. rostratus show the reduced costals VIII
more typical of the Rafetus euphraticus, thereby hinting at the
possibility that this lineage may have been more widespread in
the Miocene than is alluded to by the isolated type of Rafetus
bohemicus. The relative scarcity of plastral material that would
more rigorously document the presence of this lineage, how-
ever, may be caused by various taxonomic filters that disfavor
bones with poorly developed callosities. Several skulls have been
collected from the type locality of Rafetus bohemicus (Liebus
1930) that might be able to test our assertion that this taxon is
referable to the Rafetus lineage, but they are poorly preserved
and seem to be uninformative. We here note that three other
pan-trionychid species have been established from the type
locality of Rafetus bohemicus: Trionyx aspidiformis and T. presch-
enensis by Laube (1900) and T. elongatus by Liebus (1930).
Although the former two taxa were described well before Rafe-
tus bohemicus, we consider all of these names to be nomina
dubia, as they are based on nondiagnostic material. For a more
extensive discussion, see T. vindobonensis (below).

Rafetus bohemicus has otherwise been reported from the
middle Miocene (Serravallian) of Viehhausen (Trionyx bohemi-
cus jaegeri of Fuchs 1939) and Sandelzhausen (T. aff. bohemicus
of Schleich 1981), Bavaria, Germany, but this material lacks plas-
tral material and is therefore herein identified as an indetermi-
nate pan-trionychine.

Trionyx Geoffroy Saint-Hilaire, 1809

Type species. Testudo triunguis Forskål, 1775.

Diagnosis. Trionyx can be diagnosed as a representative of
Pan-Trionychidae by the full list of characters provided for that
clade above. Using shell characters, Trionyx is most readily dif-
ferentiated from other pan-trionychids by the combined
absence of a preneural, presence of seven neurals of which
neural V or VI is square, a broadly developed medial fan of
hypoplastral processes, and four pairs of well-developed plas-
tral callosities.
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Comments. We herein refer many fossil pan-trionychids to “Tri-
onyx” as this genus has historically served as a wastebasket for
fossil taxa with uncertain affiliation. However, we herein also
refer two species to Trionyx as we believe that these are fossil rel-
atives of the extant Trionyx triunguis. We highlight the two dif-
ferent meanings through the usage of quotation marks.

Trionyx pliocenicus Fucini, 1912

Taxonomic history. Trionyx pliocenica Lawley 1876 (nomen
nudum); T. pliocenicus Fucini, 1912 (new species); T. hilberi �
T. pliocenicus Teppner 1914b (junior synonym); T. pliopedemon-
tanus � T. blayaci � T. pliocenicus � T. pompignanensis � T.
rotundiformis Broin 1977 (junior synonym); T. triunguis � [T.
pliocenicus] � 24 others Karl 1998 (junior synonym, nomen
dubium, see Rafetus bohemicus for complete synonym); T. plio-
caenicus Karl 1998 (incorrect spelling of species epithet).

Type material. A relatively complete skeleton, including most of
skull, carapace, plastron, vertebrae, and appendicular elements
(holotype) (Fucini 1912, pls. 1–5), unknown whereabouts (G.
Bianucci and C. Sorbini, pers. comm., 2016).

Type locality. Mapesi (� Malpessi) near Poggio Alle Monache,
Tuscany, Italy (Lawley 1876; Fucini 1912; Figure 4); Pliocene
(Kotsakis 1985).

Referred material and range. No specimens are referred herein.

Diagnosis. Trionyx pliocenicus can be diagnosed as a represen-
tative of Pan-Trionychidae and Trionyx by the full list of charac-
ters provided for those clades above. Trionyx pliocenicus can be
differentiated from T. triunguis and T. vindobonensis by having
more extensive plastral callosities, a hypo-xiphiplastral suture
outlined by callosities, and a midline contact of the xiphiplas-
tral callosities.

Comments. Lawley (1876) provided the name Trionyx plioceni-
cus for beautifully preserved material from the Pliocene of Italy,
but this contribution was not accompanied by a description or
a definition, and Lawley’s name must therefore be considered a
nomen nudum (Kotsakis 1985). The specimen was much later
described by Fucini (1912) and the name thereby made avail-
able. Teppner (1914b) soon after hypothesized that T. plioceni-
cus is conspecific with T. hilberi, but Broin (1977) and Kotsakis
(1980, 1985) more recently argued for synonymy with the spa-
tially and temporally close T. pliopedemontana. We herein regard
both T. hilberi and T. pliopedemontana to be nomina dubia, as
they are solely known by carapacial material.

The holotype of Trionyx pliocenicus is the only known par-
tial trionychid skeleton from the northern shores of the Mediter-
ranean Sea and therefore of particular relevance to the taxonomy
and evolutionary history of Neogene trionychids. The postcra-
nium, in particular the shell, is fully consistent with the mor-
phology of the extant T. triunguis and notably distinct from the
geographically close Rafetus euphraticus, in particular in regard
to the size of the nuchal, number and arrangement of neurals,
the number of lateral processes, and the number and dimen-
sions of the plastral callosities (Meylan 1987). This specimen
therefore firmly establishes the presence of the T. triunguis lin-
eage in the Neogene of southern Europe. Given that all other

known material from the same region is highly fragmentary, it
is unclear to us if T. pliocenicus shared its habitat with other tri-
onychids. The lack of quality material therefore precludes us
from assuming that it is the only trionychid in the region (con-
tra Karl 1999a). The type and only known specimen was origi-
nally deposited in the private collection of R. Lawley (Fucini
1912), a collection that was partly destroyed during WWII and
now is scattered accross Italy (G. Bianucci and C. Sorbini, pers.
comm., 2016). We were not able to locate the holotype of T.
pliocenicus and therefore consider this specimen to be lost.

Trionyx vindobonensis Peters, 1855
(� T. brunhuberi Ammon, 1911 � T. gergensi
Reinach, 1900 � T. hoernesi Heritsch, 1909 �

T. peneckei Heritsch, 1909 � T. petersi Hoernes,
1881 � T. rostratus Arthaber, 1898 �

T. septemcostatus Hoernes, 1881 �
T. teiritzbergensis Gemel, 2002 �

T. teyleri Winkler, 1869a)

Taxonomic history. Trionyx vindobonensis Peters, 1855 (new
species); T. vindibonensis Lawley 1876 (incorrect spelling of
species epithet); Tryonix vindobonensis Portis 1879 (incorrect
spelling of genus name); T. vindobonensis � T. partschi (sic)
Glaessner 1933 (senior synonym); T. triunguis � T. vindobonen-
sis � 24 others Karl 1998 (junior synonym, see Rafetus bohemi-
cus for complete synonym).

Type material. NHMW 1853/0016/0003 (holotype), partial
skeleton, including fragments of the carapace, plastron, and
limbs (Peters 1855, pls. 1.1, 2.1, 3.1–3; Peters 1859, pl. 1).

Type locality. Hernals, Vienna, Austria (Peters 1855; Figure 4);
MN 7+8, Serravallian, middle Miocene (Aguilar et al. 1997).

Referred material and range. Early Miocene (Aquitanian),
Rhineland-Palatinate, Germany (type material of Trionyx ger-
gensi; Reinach 1900); early Miocene (Burdigalian), Lower Aus-
tria, Austria (type material of T. teiritzbergensis; Gemel 2002);
early Miocene (Burdigalian), Centre-Val de Loire, France (mate-
rial previously referred to T. stiriacus by Broin 1977); middle
Miocene (Langhian), Styria, Austria (type material of T. septem-
costatus, T. hoernesi, T. petersi, and T. peneckei; Hoernes 1881;
Heritsch 1909); middle Miocene (Langhian), Bavaria, Germany
(type material of T. brunhuberi; Ammon 1911; referred mate-
rial of Fuchs 1939); middle Miocene (Serravallian), Vienna, Aus-
tria (referred material of Peters 1859); middle Miocene
(Serravallian), Baden-Württemberg, Germany (type material of
T. teyleri; Winkler 1869a); late Miocene (Tortonian), Burgen-
land, Austria (type material of T. rostratus; Arthaber 1898); late
Miocene (Tortonian), Lower Austria, Austria (referred material
of Papp et al. 1953).

Diagnosis. Trionyx vindobonensis can be diagnosed as a repre-
sentative of Pan-Trionychidae and Trionyx by the full list of char-
acters provided for those clades above. Trionyx vindobonensis
can be differentiated from T. triunguis and T. pliocenicus by hav-
ing plastral callosities that are more extensive than T. triunguis,
but less extensive than T. pliocenicus.
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Comments. For reasons beyond our comprehension, a total of
29 trionychid names were provided for specimens recovered
from Miocene sediments exposed in Europe north of the Alpide
belt, in particular Trionyx hilberi Hoernes, 1892, T. hoernesi Her-
itsch, 1909, T. partschii Peters, 1855, T. peneckei Heritsch, 1909,
T. petersi Hoernes, 1881, T. rostratus Arthaber, 1898, T. septem-
costatus Hoernes, 1881, T. siegeri Heritsch, 1909, T. sophiae Her-
itsch, 1909, T. stiriacus Peters, 1855, T. teiritzbergensis Gemel,
2002, and T. vindobonensis Peters, 1855 from Austria; T. aspidi-
formis Laube, 1900, T. bohemicus Liebus, 1930, T. elongatus
Liebus, 1930, T. pontanus Laube, 1895, and T. preschenensis
Laube, 1900 from Czechia; T. aquitanicus Delfortrie, 1869 and
T. lockardi Gray 1831 from France; T. bohemicus jaegeri Fuchs,
1939, T. brunhuberi Ammon, 1911, T. gergensi Reinach, 1900,
T. münzenbergensis Hummel 1927, T. oweni Reinach, 1900, and
T. teyleri Winkler, 1869a from Germany; T. pseudovindobonen-
sis Szalai, 1934 from Hungary; T. moldaviensis Khosatzky, 1986
from Moldova; T. nopcsai Szalai, 1934 from Romania; and T.
reticulatus Rieppel, 1979 from Switzerland. Five additional taxa
are based on poorly dated late Oligocene to early Miocene sed-
iments exposed in France, in particular T. acutiformis
Bergounioux, 1935, T. chaubeti Bergounioux, 1935, T. ciryi
Bergounioux, 1935, T. manouri Gray, 1831, and T. mourieri
Bergounioux, 1935, and will be discussed here for simplicity as
well.

We conclude after reviewing all available shell material
from Miocene localities north of the Alps that only two mor-
photypes are apparent that can be attributed to the stem line-
ages of Rafetus euphraticus and Trionyx triunguis. Extant
representatives of these two species can readily be distinguished
by their plastral morphology, as T. triunguis possesses four well-
developed callosities that cover the hyo-hypoplastra and
xiphiplastra, whereas R. euphraticus only possesses two poorly
developed callosities that cover just the hyo-hypoplastra (Mey-
lan 1987). The carapaces of both taxa resemble one another
greatly by being well ossified, by having a surface texture that
varies from netted to pitted, by lacking a preneural, and by typ-
ically possessing seven neurals, of which the fifth is squared and
that allow for medial contact of costals VII and VIII. The pri-
mary carapacial difference between the two is that Rafetus
euphraticus possesses smaller costals VIII than T. triunguis, but
extensive variation makes it impractical to use this character to
rigorously distinguish the two lineages.

Of the 34 taxa listed above, we immediately are able to dis-
regard 8 from consideration, because they represent either nom-
ina nuda or unambiguous nomina dubia. These include Trionyx
aquitanicus (a nomen dubium based on two costal fragments
that may well be referable to a marine turtle), T. lockardi (a
nomen nudum), T. manouri (a nomen dubium based on frag-
mentary, now lost material), T. münzenbergensis (a nomen
nudum), T. nopcsai (a nomen dubium based on a partial dentary
and carapace fragment), T. oweni (a nomen dubium based on
unfigured costal fragments), T. pseudovindobonensis (a nomen
dubium based on a femur), and T. partschii (a nomen dubium
based on two costal fragments). We similarly disregard 4 addi-
tional taxa a priori, as they are based on juvenile specimens (e.g.,
T. aspidiformis, T. elongatus, T. preschenensis, and T. sophiae). As
we find no evidence of cyclanorbines in the Neogene north of
the Alps, despite previous claims to the contrary (Portis 1901),
we refer all indeterminate material from this region to Pan-Tri-
onychinae indet.

We can confirm based on the available material that the
two morphotypes we recognize cannot be distinguished rigor-
ously using carapacial material alone, much as their recent rel-
atives Rafetus euphraticus and Trionyx triunguis. We therefore
disregard 11 further taxa from nomenclatural considerations
that are based on carapacial material alone. These include T. acu-
tiformis, T. chaubeti, T. ciryi, T. moldaviensis, T. mourieri, T.
siegeri, and T. stiriacus, which are based on partial carapaces, and
T. bohemicus jaegeri, T. hilberi, T. pontanus, and T. reticulatus,
which are based on complete carapaces.

Of the 11 remaining taxa, 10 can be attributed to the Tri-
onyx triunguis lineage based on the presence of four well-devel-
oped plastral callosities that broadly cover the hyo-hypoplastra
and xiphiplastra. These are T. brunhuberi, T. gergensi, T. hoernesi,
T. peneckei, T. petersi, T. rostratus, T. septemcostatus, T. teiritzber-
gensis, T. teyleri, and T. vindobonensis. Of these, T. vindobonensis
was named first and therefore serves as the senior synonym. The
sole remaining taxon, T. bohemicus, possesses a highly reduced
plastron that lacks xiphiplastral callosities, and we therefore par-
tially agree with Chkhikvadze (1999b) that this taxon is referable
to the Rafetus lineage, but as a valid species and not a junior syn-
onym of T. pontanus (a nomen dubium, as it is based solely on
carapace material) (see Rafetus bohemicus above).

Apart from the aforementioned type specimens, we here
refer material from the Miocene of Carinthia, Austria, which
had previously been attributed to Trionyx petersi siegeri (Mottl
1967) to T. vindobonensis based on the presence of four well-
developed plastral callosities. To the contrary, Miocene speci-
mens that are known solely by carapacial material and have in
the past been variously assigned to T. petersi and T. stiriacus are
herein considered to be indeterminate pan-trionychines as they
lack plastral remains. These include carapacial material from the
middle Miocene of Carinthia (T. petersi of Wank 1977 and T.
petersi siegeri of Mottl 1967), Styria (T. hilberi of Teppner 1914a;
T. petersi of Heritsch 1910), and Slovakia (T. rostratus of Holec
and Schlögl 2000).

The holotype of Trionyx vindobonensis does not include cra-
nial material, but many specimens that are referred based on their
plastral anatomy do. The most notable remains are a complete
skull and mandible from the late Miocene of Austria (part of the
type of T. rostratus, Arthaber 1898) and the anterior half of a skull
from the middle Miocene of Austria (the lectotype of T. petersi,
Hoernes 1881), which already show much variation, as the com-
plete skull has a narrow palate, whereas the partial skull shows a
broad palate with incipient secondary palate. Although the early
Miocene locality of Artenay, France, only yielded disassociated
material (T. stiriacus of Broin 1977), we find it prudent to refer all
to T. vindobonensis, as the plastral material is diagnostic of this
taxon. The beautifully preserved skulls known from Artenay
(Broin 1977) once again display an extremely broad palate, much
like the partial skull from Austria. On the other hand, we do not
attribute the nicely preserved skull from the early Pliocene of
Leobersdorf, Austria (Trionyx sp. aff. rostratus of Glaessner 1933),
to T. vindobonensis, as it is not associated with diagnostic plastral
material and because its morphology is insufficiently described
to allow referral by comparison with the other skulls. Although
the narrow and extremely broad skull morphotypes apparent in
the available material could be used to justify the presence of two
closely related taxa in the Miocene of Europe, we note that the
narrow skull originates from a subadult individual, at least 
as inferred from its postcranium, whereas the broad skulls 

A Review of the Fossil Record of the Clade Pan-Trionychidae • Georgalis and Joyce 137



originate from larger individuals. We here therefore attribute the
apparent differences to ontogenetic variation, as has otherwise
been extensively documented for some extant and extinct triony-
chids (Dalrymple 1977; Joyce et al. 2016). A meaningful com-
parison with skulls likely referable to the coeval Rafetus
bohemicus is not possible, as these are poorly preserved (see Rafe-
tus bohemicus above).

The idea that most of the fossil pan-trionychids from
Europe form a single lineage attributable to the extant Trionyx
triunguis is not novel. Reinach (1900) was the first to propose
that most Tertiary pan-trionychids from Europe form a single
lineage with many concurrent species that he named the “Tri-
onyx protriunguis succession” (die Reihe des Trionyx protriunguis
in German). Teppner (1914c) went further by providing a den-
drogram depicting ancestor-descendant relationships among all
named taxa and by suggesting that all are representatives of a
single species. However, as Hummel (1927, 1929) already noted,
Teppner (1914c) apparently did not heed his own conclusions,
as he did not formally propose any synonymies and even named
yet another taxon. Hummel (1927, 1929) also agreed with the
conclusions of Reinach (1900) as he too saw great similarities
between all named pan-trionychids from the Tertiary of Europe
and the extant T. triunguis, but he nevertheless felt that all named
morphotypes represent true species and that the lineage is not
necessary restricted to Europe and therefore does not lead only
to the extant T. triunguis. According to the classification scheme
of Hay (1908), he assigned all relevant taxa, including the extant
T. triunguis, to the subgenus Amyda. In a series of papers, Karl
(1998) partially revived Reinach’s (1900) “Trionyx protriunguis
succession” by explicitly synonymizing most of the Miocene to
Pleistocene soft-shelled turtles from central Europe with the
extant T. triunguis. Karl (1999a) soon united all known fossil
pan-trionychids from the Tertiary of Europe into T. triunguis,
but an explicit synonym list is lacking. Although we here arrive
at the conclusion that at least two lineages are apparent in the
Neogene of Europe, we agree that the T. triunguis lineage is only
represented by a single morphotype at any given time interval.
If one were to employ a lineage species concept, Karl (1998)
would certainly be right to synonymize so many fossil taxa with
T. triunguis. However, given that a rigorous phylogenetic analy-
sis is still outstanding and that the apparent T. triunguis lineage
shows evidence of anagenesis, we here conform to the paleon-
tological convention of establishing chronospecies, while explic-
itly acknowledging that these are paraphyletic.

Pan-Trionychidae Incertae Sedis

Comments. We consider the following list of fossil pan-triony-
chid taxa to be valid, but given that their relationships with
extant trionychids and with other fossil trionychids are unclear,
we refer them to the wastebasket taxon “Trionyx.” The poly-
phyletic nature of “Trionyx” is highlighted with the use of quo-
tation marks, in contrast to Trionyx without quotation marks,
which refers to the monophyletic group associated with the
extant T. triunguis.

“Trionyx” baynshirensis Danilov et al., 2014

Taxonomic history. “Trionyx” baynshirensis Danilov et al., 2014
(new species).

Type material. PIN 557-134 (formerly PIN 557-130) (holotype),
medial fragment of right hyo-hypoplastra (Danilov et al. 2014,
fig. 13a, b).

Type locality. Bayn Shire, Dornogovi Aimag, Mongolia (Figure
3); Baynshire Formation, Cenomanian/Santonian, Late Creta-
ceous (Danilov et al. 2014).

Referred material and range. No specimens have been referred
to date.

Diagnosis. “Trionyx” baynshirensis can be diagnosed as a mem-
ber of Pan-Trionychidae by the presence of sculpturing that cov-
ers all metaplastic portions of the shell bones and the absence of
shell scutes. “Trionyx” baynshirensis can be differentiated from
all other early Late Cretaceous pan-trionychids by having a hyo-
hypoplastral callosity with an expanded, blunt medial edge that
fully covers the medial processes.

Comments. The early Late Cretaceous Baynshire Formation has
yielded rich trionychid material. Danilov et al. (2014) noted that
most of the specimens can be assigned to Kuhnemys orlovi (see
above), but that a second, less prominent taxon is available as
well that can be diagnosed easily based on a single plastral frag-
ment that shows many similarities with the Santonian “Trionyx”
kansaiensis in terms of overall shape of the hyo-hypoplastra and
sculpturing pattern (Danilov et al. 2014). We provisionally
accept the validity of this species herein.

“Trionyx” boulengeri Reinach, 1900
(� T. clavatomarginatus Lörenthey, 1903)

Taxonomic history. Trionyx boulengeri Reinach, 1900 (new
species); Amyda boulengeri � T. borkenensis Karl 1993 (new
combination, senior synonym); T. triunguis � T. boulengeri �
24 others Karl 1998 (junior synonym, see Rafetus bohemicus for
complete synonym).

Type material. BMNH 36765 (holotype), a complete carapace
(Lydekker 1889a, unnumbered figure; Reinach 1900, pl. 38; Karl
2007, pl. 2).

Type locality. Alzey, Rhineland-Palatinate, Germany (Reinach
1900; Figure 4); Rupelian, early Oligocene (Karl 1999a).

Referred material and range. Late Eocene or Oligocene, Cluj,
Romania (lectotype of Trionyx clavatomarginatus; Lörenthey
1903).

Diagnosis. “Trionyx” boulengeri can be diagnosed as a member
of Pan-Trionychidae by the full list of carapacial characters pro-
vided for that clade above. Among Paleogene pan-trionychids
from Europe, “T.” boulengeri can be differentiated from Axeste-
mys vittata by size, more extensive development of the carapa-
cial callosities, and the absence of a preneural, and from all
others by having reduced costals VIII and sinuous carapacial
margins.

Comments. “Trionyx” boulengeri is based on a nearly complete
carapace from the Oligocene of Alzey, Germany, that had 
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originally been referred to T. gergensi (Lydekker 1889a) but was
later used for the basis of a new species (Reinach 1900). The type
is notable among Oligocene pan-trionychids from north of the
Alps, as it is relatively complete and therefore displays at least
some traits that can be considered diagnostic. However, given
that “T.” boulengeri lacks plastral material (see T. vindobonensis
above for more extensive discussion), it is difficult to diagnose
this taxon rigorously once temporal and biogeographic concerns
are omitted. We here nevertheless recognize two valid taxa in
the Oligocene of Europe, “T.” boulengeri north of the Alps and
“T.” capellinii south of the Alps, which can be differentiated using
relative nuanced characters apparent in the carapace. However,
whereas “T.” capellinii seems to be restricted to the Eocene to
Oligocene of Italy, we here attribute the lectotype of T.
clavatomarginatus from the late Eocene of Romania to “T.”
boulengeri, as this specimens also shows reduced costals VIII
and sinuous carapacial margins. The future finding of more
completely material, especially associated plastral remains, will
allow more rigorously diagnosing the taxon “T.” boulengeri rel-
ative to other pan-trionychids from Europe.

Karl (1993, 1996) attributed fragmentary remains from the
early Eocene of Salzburg, Austria, and the Eocene and Oligocene
of Germany, respectively, to Amyda cf. boulengeri, but we believe
that these specimens are too fragmentary to allow identification
at the species level. On the other side, we here reluctantly refer
the well-preserved lectotype of T. clavatomarginatus to “T.”
boulengeri as it displays the sinuous carapacial margin that is
diagnostic for this taxon.

“Trionyx” capellinii Negri, 1892
(� T. affinis Negri, 1892 � T. capellinii conju-

gens Sacco, 1894 � T. capellinii gracilina Sacco,
1895 � T. capellinii perexpansa Sacco, 1895 �
T. gemmellaroi Negri, 1892 � T. intermedius

Bergounioux, 1954 � T. insolitus Bergounioux,
1954 � T. capellinii montevialensis Negri,

1892 � T. schaurothianus Negri, 1893)

Taxonomic history. Trionyx capellinii Negri, 1892 (new species);
T. capellinii � T. schaurothianus Sacco 1895 (senior synonym);
T. capellini Teppner 1913 (incorrect spelling of species epithet);
T. c. capellinii � T. c. affinis � T. c. conjugens Kotsakis 1977 (sen-
ior synonym); T. c. capellinii � T. c. affinis � T. c. conjugens �
T. gemmellaroi � T. intermedius Broin 1977 (senior synonym).

Type material. MGP-PD 12883 (syntype), a partial skeleton con-
sisting of parts of the cranium, the complete carapace, a hyo-
hypoplastron, a humerus, and a femur (Negri 1892, pl. 2;
Bergounioux 1954, fig. 9, pl. 1.7; Kotsakis 1977, fig. 3c); MGP-
PD 12882 (syntype), a carapace (Negri 1892, pl. 3).

Type locality. Monte Bolca (� Purga di Bolca), Veneto, Italy
(Negri 1892; Figure 4); Prati Valeno Horizon, Lutetian, middle
Eocene (Giusberti et al. 2014).

Referred material and range. Middle Eocene (probably Lutet-
ian) of the type locality, Veneto, Italy (type material of Trionyx
affinis, T. capellinii conjugens, T. gemmellaroi, T. intermedius;
Negri 1892; Sacco 1894; Bergounioux 1954; and referred mate-

rial of Kotsakis 1977); early Oligocene (early Rupelian), Veneto,
Italy (type material of T. capellinii gracilina, T. capellinii monte-
vialensis, T. capellinii perexpansa, T. insolitus, and T. schaurothi-
anus; Negri 1893; Sacco 1895; Bergounioux 1954; material
referred to T. capellinii montevialensis and T. c. schaurothianus by
Barbera and Leuci 1980).

Diagnosis. “Trionyx” capellinii can be diagnosed as a member
of Pan-Trionychidae by the full list of characters listed for that
clade above. Among pan-trionychids from the Paleogene of
Europe, “T.” capellinii can be differentiated readily from Axeste-
mys vittata by smaller size, more extensive development of all
callosities, and the absence of a preneural, and from “T.” boulen-
geri, “T.” henrici, and “T.” messelianus by having larger costals
VIII. A rigorous diagnosis is not possible relative to “T.” silvestris
and “T.” ikoviensis, as these are mostly based on cranial material.

Comments. The middle Eocene (Lutetian) locality of Monte
Bolca and the nearby early Oligocene (early Rupelian) locality of
Monteviale in the Region of Veneto, Italy, have yielded a rich pan-
trionychid fauna that serves as the basis of 11 taxa. For Monte
Bolca, these names are Trionyx affinis Negri, 1892, T. capellinii
Negri, 1892, T. capellinii conjugens Sacco, 1894, T. intermedius
Bergounioux, 1954, and T. gemmellaroi Negri, 1892, and for
Monteviale, T. capellinii gracilina Sacco, 1895, T. italicus Schau-
roth, 1865, T. capellinii montevialensis Negri, 1892, T. capellinii
perexpansa Sacco, 1895, T. insolitus Bergounioux, 1954, and T.
schaurothianus Negri, 1893. In contrast to similar accumulations
of names from other regions in Europe, most of these names are
based on partial skeletons, although crushing prohibits studying
the nonshell anatomy in detail. The proliferation of names is nev-
ertheless baffling, as there always was universal agreement that all
named taxa are closely related. Indeed, four species were already
named as subspecies or varieties of T. capellinii (i.e., conjugens,
gracilina, montevialensis, and perexpansa), whereas two others
were secondarily denoted to subspecies of T. capellinii (i.e., affi-
nis and schaurothianus). In his review of this material, Kotsakis
(1977) concluded that all material from both localities represent
a single species, T. capellinii, although he retained the validity of
two subspecies, one for each locality. Broin (1977), on the other
hand, preferred recognizing two separate species, although she
did not provide a justification for this preference. Barbera and
Leuci (1980) soon after provided morphometric evidence to sup-
port the presence of one subspecies in each locality, but this study
cannot be considered statistically significant, as only four speci-
mens were used. Kotsakis (1985) nevertheless used this study to
change his previous taxonomic opinion and conclude that each
locality is characterized by its own species, T. capellinii for the
Eocene of Monte Bolca and T. italicus for the early Oligocene of
Monteviale. We were initially inclined to recognize the validity of
two species as well because of stratigraphic concerns, but after
our firsthand observation of all type specimens (except for the
now lost holotype of Trionyx capellinii perexpansa) and several
referred specimens from both Monte Bolca and Monteviale, we
ultimately concluded that the differences between the two pop-
ulations are so minor, while variation remains so great, that a rig-
orous diagnosis is impossible. We therefore only see evidence for
a single taxon in this region with uncertain generic affinities.
Given that we disregard T. italicus from consideration (see
below), we conclude that “T.” capellinii is the valid name for this
Italian pan-trionychid.
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“Trionyx” dissolutus Vitek and Danilov, 2014

Taxonomic history. “Trionyx” dissolutus Vitek and Danilov, 2014
(new species).

Type material. ZIN PH 51/86 (holotype), external and visceral
impressions of posterior part of carapace of one individual
(Nessov 1984, figs. 6, 7, 9; Nessov 1997, pls. 34.17, 35.7; Vitek
and Danilov 2014, fig. 5).

Type locality. Itemir locality, Central Kizylkum Desert, Navoiy
Region, Uzbekistan (Figure 3); Khodzhakul Formation, Ceno-
manian, Late Cretaceous (Vitek and Danilov 2014).

Referred material and range. Late Cretaceous (early Cenoman-
ian), Khodzhakul Formation, Kizylkum Desert area,
Karakalpakstan, Uzbekistan (referred material of Vitek and
Danilov 2014).

Diagnosis. “Trionyx” dissolutus can be diagnosed as a member
of Pan-Trionychidae by the presence of sculpturing that covers
all metaplastic portions of the shell bones and the absence of
shell scutes. Among early Late Cretaceous pan-trionychids, “T.”
dissolutus can be differentiated from all by the presence of an
epiplastral notch on the hyoplastron and an extensive medial
contact between the hyo- and hypoplastra.

Comments. Vitek and Danilov (2014) recently described the
pan-trionychid fauna from the Cenomanian Khodzhakul For-
mation of Uzbekistan. Although this fauna is mostly known
from fragments, Vitek and Danilov (2014) were able to docu-
ment the presence of two morphotypes, of which one displays a
less ossified shell that resembles the slightly younger Petrochelys
kyrgyzensis, whereas the other is better ossified that resembles
the younger “T.” kansaiensis and North American plastomenids.
Vitek and Danilov (2014) provided the name “T.” dissolutus for
the latter morphotype and designated a partial shell as the holo-
type.

We generally agree that “Trionyx” dissolutus is a valid
species, but we disagree on the exact interpretation of the
holotype. In all trionychids that we are aware of that are
known from complete shells, costals IV are the widest ele-
ments and situated at the midpoint of the specimen. As
interpreted by Vitek and Danilov (2014), costals IV of the
holotype of “T.” dissolutus are clearly positioned at the pos-
terior half of the shell, and the more posterior elements are
unusually crowded toward the back. We are able to confirm
the presence of most sutures in this specimen in high-qual-
ity photographs we were able to obtain, but we are not fully
convinced that the last pair of minute costals is actually pres-
ent. We therefore favor that this specimen consists of more
usually proportioned costals V–VIII and that costals VIII
are rather large, conclusions that are more in line with a plas-
tomenid-like morphotype. Our assertions will hopefully be
tested in the near future by additional finds.

“Trionyx” gilbentuensis Danilov et al., 2014

Taxonomic history. “Trionyx” gilbentuensis Danilov et al., 2014
(new species).

Type material. ZIN PH T/M46-2 (holotype), incomplete left
hyo-hypoplastra (Danilov et al. 2014, fig. 13c, d).

Type locality. Gilbentu, Ömnögovi (� Umunugovi) Aimag,
Mongolia (Figure 3); Nemegt Formation, Maastrichtian, Late
Cretaceous (Danilov et al. 2014).

Referred material and range. No specimens haven been referred
to date.

Diagnosis. “Trionyx” gilbentuensis can be diagnosed as a mem-
ber of Pan-Trionychidae by the presence of sculpturing that cov-
ers all metaplastic portions of the shell bones. Among late Late
Cretaceous pan-trionychids from Asia, “T.” gilbentuensis can
most readily be differentiated by its large size, with an estimated
CL of about 50 cm.

Comments. “Trionyx” gilbentuensis is based on a partial hyo-
hypoplastron. Although we herein generally do not support the
validity of a pan-trionychid species based on a single plastral ele-
ment, we feel that this species is well justified, as the rich pan-tri-
onychid fauna of the Nemegt Formation is well described
(Danilov et al. 2014) and thereby highlights the uniqueness of
this taxon within this assemblage. We nevertheless hope that
additional finds will soon confirm the validity of this taxon and
clarify its phylogenetic relationships.

“Trionyx” gobiensis Danilov et al., 2014

Taxonomic history. “Trionyx” gobiensis Danilov et al., 2014 (new
species).

Type material. PIN 4064-2 (holotype), an incomplete carapace
(Danilov et al. 2014, fig. 14).

Type locality. Bamba Khuduk (� Eastern Sayr), Ömnögovi (�
Umunugovi) Aimag, Mongolia (Figure 3); Nemegt Formation,
Maastrichtian, Late Cretaceous (Danilov et al. 2014).

Referred material and range. Late Cretaceous (Maastrichtian),
Nemegt Formation, Tsagan Khushu and Altan Ula III, Ömnö-
govi Aimag, Mongolia (referred material of Danilov et al.
2014).

Diagnosis. “Trionyx” gobiensis can be diagnosed as a member
of Pan-Trionychidae by the full list of carapacial characters pro-
vided for that clade above. Among late Late Cretaceous pan-tri-
onychids, “T.” gobiensis can be differentiated from Kuhnemys
breviplastra by having well-developed costals VIII, from “T.”
gilbentuensis by being much smaller, and from “T.” shiluutulen-
sis by lacking a preneural. “Trionyx” gobiensis cannot be distin-
guished rigorously from Nemegtemys conflata, as these taxa are
not known from overlapping material.

Comments. “Trionyx” gobiensis is a rather small pan-trionychid
(estimated CL only 13 cm), known from several carapaces that
readily distinguish this species from its contemporaries, with
exception of the pan-cyclanorbine Nemegtemys conflata, which
is only known from plastral material. The validity of this species
is otherwise not controversial.
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“Trionyx” gregarius (Gilmore, 1934)
(� Rafetus gilmorei Chkhikvadze, 1999b)

Taxonomic history. Amyda gregaria Gilmore, 1934 (new
species); Trionyx gregaria Kuhn 1964 (new combination); T. gre-
garius Karl 1998 (emended spelling); Amyda gregaria � Rafe-
tus gilmorei Vitek and Danilov 2015 (senior synonym).

Type material. AMNH 6734 (holotype), carapace, plastron, and
much of skeleton lacking the skull (Gilmore 1934, figs. 1, 3, 7);
AMNH 6735 (paratype), skull, lower jaws, portions of carapace,
plastron, and postcranial skeleton (Gilmore 1934, figs. 5–7);
AMNH 6736 (paratype), a nearly complete skeleton of a juvenile
individual (Gilmore 1934, figs. 2, 3, 7).

Type locality. Camp Margetts, 25 miles southwest of Iren
Dabasu, Inner Mongolia, China (Gilmore 1934; Figure 3); Irdin
Manha Formation, middle Eocene (Meng et al. 2007).

Referred material and range. Middle Eocene of type locality,
Inner Mongolia, China (referred material of Gilmore 1934,
including type material of Rafetus gilmorei; Chkhikvadze
1999b).

Diagnosis. “Trionyx” gregarius can be diagnosed as a member of
Pan-Trionychidae by the full list of characters provided for that
clade above. Among Paleogene pan-trionychids from Asia, “T.”
gregarius can be most readily differentiated by small size, lack-
ing a preneural, a midline contact of the posterior costals, broad
costals VIII, a finely crenulated sculpturing, and well-formed
plastral callosities.

Comments. “Trionyx” gregarius is based on a large block of
matrix containing an assemblage of 14 individuals in various
ontogenetic stages. However, given that many mechanisms
are available to concentrate turtles in a single fossil locality
(Wings et al. 2012), we see no reason to infer gregarious
behavior for this taxon. The type locality was initially believed
to be located within the Oligocene Houldjin Formation
(Gilmore 1934) but was recently reassigned to the middle
Eocene Irdin Manha Formation (Meng et al. 2007). The holo-
type of “T.” gregarius lacks cranial material, but Gilmore
(1934) designated two rather complete skeletons that include
skulls as the paratypes of his new species. The original attri-
bution of this species to the genus Amyda seems to have been
based on the absence of a preneural (Gilmore 1934), but this
attribution is probably based on the classification scheme of
Hay (1908) and does not imply that Gilmore (1934) believed
this taxon to be closely related to the extant southeast Asian
Amyda cartilaginea. Chkhikvadze (1999b) established a new
species, Rafetus gilmorei, on the basis of two specimens that
are preserved in the fossil slab of the type of “T.” gregarius and
that were initially considered to be juveniles by Gilmore
(1934). The new species was said to differ from all other pan-
trionychids by the presence of suprascapular fontanelles,
reduced costals VII or VIII, more elongated medial processes,
and weakly sculpted hyo-hypoplastron (Chkhikvadze 1999b),
but Vitek and Danilov (2015) recently affirmed that these
characters are consistent with ontogenetic variation. We agree
with this assessment. Given the large amount of quality 

material documenting the entire skeleton, the validity of this
species is uncontroversial.

“Trionyx” henrici Owen in Owen and Bell, 1849
(� T. barbarae Owen in Owen and Bell, 1849 �

T. circumsulcatus Owen in Owen and Bell,
1849 � T. incrassatus Owen in Owen and Bell,
1849 � T. marginatus Owen in Owen and Bell,

1849 � T. planus Owen in Owen and Bell,
1849 � T. rivosus Owen in Owen and Bell, 1849)

Taxonomic history. Trionyx henrici Owen in Owen and Bell,
1849 (new species); T. henrici � T. marginatus Lydekker 1889a
(senior synonym); Rafetoides henrici � T. barbarae � T. circum-
sulcatus � T. incrassatus � T. marginatus � T. planus � T. pus-
tulatus � T. rivosus � T. silvestris Karl 1998 (new combination
and senior synonym).

Type material. BMNH R30407 (holotype), a complete carapace,
missing the nuchal (Owen and Bell 1849, pl. 16; Owen
1849–1884, pl. 6; Benton and Spencer 1995, fig. 9.7).

Type locality. Hordle (� Hordwell) Cliff, Hampshire, United
Kingdom (Owen and Bell 1849; Figure 4); Totland Bay Member,
Headon Hill Formation, Priabonian, late Eocene (Benton and
Spencer 1995).

Referred material and range. Middle Eocene (late Lutetian), Gui-
trancourt, Yvelines, Île-de-France, France (Trionyx sp. of Lap-
parent de Broin et al. 1993); late Eocene (Priabonian) of type
locality, Hampshire, United Kingdom (type material of T. bar-
barae, T. circumsulcatus, T. marginatus, T. planus, and T. rivosus;
Owen and Bell 1849; referred material to T. barbarae, T. henrici,
T. planus, and T. rivosus of Lydekker 1889a; referred material to
T. planus of Boulenger 1891); late Eocene (Priabonian), Isle of
Wight (type material of T. incrassatus; Owen and Bell 1849).

Diagnosis. “Trionyx” henrici can be diagnosed as a member of
Pan-Trionychidae by the full list of shell characters listed for that
clade above. Among Paleogene pan-trionychids from Europe,
“T.” henrici can be differentiated from others by intermediate
size (CL about 30 cm), a rounded shell margin, thick callosities,
absence of a preneural, and short but broad costals VIII.

Comments. Owen (in Owen and Bell 1849) named a total of
seven pan-trionychids based on rich material, including many
complete carapaces, from the late Eocene of southern England,
in particular Trionyx barbarae, T. circumsulcatus, T. henrici, T.
incrassatus, T. marginatus, T. planus, and T. rivosus. Most of the
type specimens were originally kept in the Museum of the Mar-
chioness of Hastings (Owen and Bell 1849) but had since been
transferred to BMNH (Lydekker 1889a). All species were orig-
inally diagnosed using characteristics, such as shell sculpturing
and the size and orientation of the neurals, that are now known
to be highly variable. Owen (in Owen and Bell 1849), Lydekker
(1889a), and Boulenger (1891) variously referred additional
material to various named taxa, including additional shell
remains, two mandibles, and a partial skull, but it is difficult to
reproduce their assignments, as most material was found in 
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isolation and does not overlap anatomically. Along those lines,
Lydekker (1889a) assigned the two mandibles to “T.” henrici and
T. planus even though these are not associated with any shell
remains. Although some of the late Eocene English species were
already synonymized by Lydekker (1889a), most were main-
tained as valid (e.g., Hummel 1932; Kuhn 1964), until Karl
(1998) united all named English pan-trionychids, including the
early Eocene skull taxon T. silvestris, into a single taxon, for
which he, as the first reviser, designated T. henrici as the senior
synonym and the type species of his new genus Rafetoides.
Although we broadly agree with the conclusion of Karl (1998)
that most of the Eocene trionychids from Europe represent a
single lineage for which Rafetoides is available as a name, a rig-
orous phylogenetic analysis is needed to establish their mono-
phyly relative to later taxa.

Lapparent de Broin et al. (1993) described and figured a
pan-trionychid from the middle Eocene of Guitrancourt,
France. Judging from the figure, we herein assign this mate-
rial to “Trionyx” henrici, as the two forms share a rather
enlarged nuchal, an elongated neural I, similar size, and over-
all a strong resemblance in terms of carapace shape and sculp-
turing pattern. The number of eight neurals (contra seven in
the English forms) suggested for the French form in Lappar-
ent de Broin et al. (1993) cannot be verified with certainty. If
our identification of the Guitrancourt pan-trionychid as con-
specific with “T.” henrici is correct, then it represents not only
a significant geographic range extension for this species, but
also a stratigraphic range extension.

Karl and Lindow (2012) referred fragmentary remains
from the Paleocene (Danian) of Denmark to Rafetoides cf.
henrici, but we here consider these fragments to be too fragmen-
tary to allow identification at the species level.

“Trionyx” ikoviensis Danilov et al., 2011

Taxonomic history. Trionyx ikoviensis Danilov et al., 2011 (new
species).

Type material. ZIN PH 37/145 (holotype), a partial skull
(Danilov et al. 2011, figs. 2–4).

Type locality. Ikovo, Luhansk Province, Ukraine (Figure 4); early
Lutetian, middle Eocene (Danilov et al. 2011).

Referred material and range. Middle Eocene (early Lutet-
ian) of type locality, Ukraine (referred material of Danilov et
al. 2011).

Diagnosis. “Trionyx” ikoviensis can be diagnosed as a member
of Pan-Trionychidae by the full list of characters provided for
that clade above. Among Paleogene turtles from Europe, “T.”
ikoviensis can be differentiated by intermediate size, a broad skull
with narrow contribution of the parietals to the skull roof, and
short but wide costals VIII.

Comments. “Trionyx” ikoviensis was only recently described
based on a large skull and associated shell elements from the
middle Eocene locality of Ikovo, Ukraine (Danilov et al. 2011).
Although a great resemblance is apparent with the skulls of the
early Eocene “T.” silvestris (including the skull of T. michauxi),
the middle Eocene “T.” messelianus, and other poorly docu-

mented cranial remains of “T.” henrici (skull referred to T. planus
by Boulenger [1891]), we agree with Danilov et al. (2011) that
the morphology of “T.” ikoviensis supports the recognition of a
distinct, though closely related species of pan-trionychids,
although we agree that biogeographic rationales most strongly
support this notion, not morphological differences.

“Trionyx” impressus (Yeh, 1963)

Taxonomic history. Aspideretes impressus Yeh, 1963 (new
species); Trionyx impressus Danilov et al. 2013 (new combina-
tion).

Type material. IVPP V1036 (holotype), a negative cast of a
nearly complete carapace (Yeh 1963, fig. 32, pls. 19.3, 20.1, 1a).

Type locality. Maoming, Guangdong (� Kwantung) Province,
China (Yeh 1963; Figure 3); Youkanwo (� Youganwo) Forma-
tion, late Eocene (Tong et al. 2010).

Referred material and range. No specimens have been referred
to date.

Diagnosis. “Trionyx” impressus can be diagnosed as a member
of Pan-Trionychidae by the full list of carapacial characters that
diagnose that clade. Among Paleogene pan-trionychids from
East Asia, “T.” impressus is provisionally differentiated by the
presence of a preneural, broad costals VIII, and many longitu-
dinal ridges that decorate the carapace.

Comments. “Trionyx” impressus is based on the external imprint
of a carapace from the late Eocene of Maoming, China. Yeh
(1963) initially referred this species to Nilssonia (his Aspideretes)
based on the purported presence of a preneural. Judging from
the published figures, we were initially skeptical that a preneural
is present indeed, but low resolution photographs available to
us seem to confirm the presence of a preneural that differs from
the shape documented by Yeh (1963) but that resembles that of
extant Nilssonia in size and shape. Given that the validity of this
taxon pivots on the presence of this structure, we herein only
conditionally accept the validity “T.” impressus, await the
redescription of the type, and retain the species in the neutral
“Trionyx.” It is an amusing factoid that a taxon already exists that
was named T. impressus (Kutorga 1835) at one point, but this
fossil is now known to be a basal vertebrate from the Paleozoic
and therefore has no nomenclatural significance for turtle pale-
ontology.

“Trionyx” jixiensis Li, Tong et al., 2015

Taxonomic history. “Trionyx” jixiensis Li, Tong et al., 2015 (new
species).

Type material. GMH H2008JI20 (holotype), an almost complete
carapace and the impression of its external surface (Li, Tong 
et al. 2015, fig. 2).

Type locality. Yufeng village, Jixi, Heilongjiang Province, China
(Figure 3); Chengzihe Formation, Aptian/Albian, Early Creta-
ceous (Li, Tong et al. 2015).
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Referred material and range. No specimens have been referred
to date.

Diagnosis. “Trionyx” jixiensis can be diagnosed as a member of
Pan-Trionychidae by the full list of carapacial characters pro-
vided for that clade above. Among Early Cretaceous pan-triony-
chids, “T.” jixiensis can be differentiated from Perochelys
lamadongensis by showing a fully formed nuchal and enlarged
costals VII and VIII that have a midline contact. Only geo-
graphic considerations allow us to distinguish “T.” jixiensis from
Petrochelys kyrgyzensis.

Comments. “Trionyx” jixiensis is based on a well-preserved, par-
tial carapace from the Early Cretaceous of Heilongjiang
Province, China (Li, Tong et al. 2015). Much like other Early
Cretaceous pan-trionychids that are known from more com-
plete material (see Perochelys lamadongensis above), this species
is striking once again by greatly resembling extant pan-tri-
onychines. However, given that the trionychine morphotype
may reasonably be ancestral for Trionychidae, we are wary about
attribution of this species to Trionychinae, as done by Li, Tong
et al. 2015), and anticipate a more formal phylogenetic analysis.
We are not able to rigorously distinguish “T.” jixiensis from the
roughly coeval Petrochelys kyrgyzensis from nearby Kyrgyzstan,
because the carapacial reconstruction of Nessov (1995b) must be
viewed with caution, as it is based on many isolated fragments
and therefore does not necessarily faithfully depict the morphol-
ogy of this taxon. We therefore provisionally accept both taxa
but anticipate the discovery of articulated shells of Petrochelys
kyrgyzensis or plastral remains of “T.” jixiensis that will allow
more rigorous comparison.

“Trionyx” johnsoni Gilmore, 1931
(� Amyda neimenguensis Yeh, 1965)

Taxonomic history. Amyda johnsoni Gilmore, 1931 (new
species); Trionyx johnsoni Kuhn 1964 (new combination).

Type material. AMNH 6357 (holotype), the posterior portion
of a carapace (Gilmore 1931, fig. 29, pl. 11).

Type locality. Telegraph Line Camp, Irdin Manha, Inner Mon-
golia, China (Gilmore 1931; Figure 3); Irdin Manha Horizon,
middle Eocene (Danilov, Sukhanov et al. 2015).

Referred material and range. Middle Eocene of type locality,
Inner Mongolia, China (referred material of Gilmore 1931);
middle Eocene, Ulan Shireh, Inner Mongolia, China (type mate-
rial of Amyda neimenguensis; Yeh 1965).

Diagnosis. “Trionyx” johnsoni can be diagnosed as a member of
Pan-Trionychidae by the full list of carapacial characters pro-
vided for that clade above. Among Paleogene pan-trionychids
from Asia, “T.” johnsoni can be differentiated by large size,
greatly expanded distal margins of costals VII, reduced costals
VIII, and a coarse sculpturing pattern.

Comments. “Trionyx” johnsoni is based on the partial cara-
pace of a relatively large pan-trionychid. The type locality of
“T.” johnsoni was initially believed to be late Eocene (Gilmore

1931) but was more recently reallocated to the middle
Eocene ( Danilov, Sukhanov et al. 2015). Gilmore (1931) was
reluctant to determine the generic affinities of his new
species, as the nuchal and the anterior part of the first neu-
ral were entirely missing from the holotype. Nevertheless, he
provisionally assigned the species to Amyda on the basis of
overall resemblance, a view that was also subsequently
adhered to by Yeh (1963). In our assessment, the presence of
reduced costals VIII makes a relationship with the Amyda
cartilaginea lineage unlikely, and we therefore assign this
species to the neutral “Trionyx.” The unusually broadly devel-
oped distal margins of costals VI nevertheless prompt us to
recognize the validity of this species.

“Trionyx” kansaiensis Vitek and Danilov, 2010

Taxonomic history. “Trionyx” kansaiensis Vitek and Danilov,
2010 (new species).

Type material. ZIN PH 630/64 (holotype), a partial nuchal
(Vitek and Danilov 2010, fig. 6a, b; Danilov and Vitek 2013, fig.
23.3a1).

Type locality. Kansai, Khodzhent Province, Tajikistan (Figure
3); Yalovach Formation, early Santonian, Late Cretaceous (Vitek
and Danilov 2010).

Referred material and range. Late Cretaceous (Santonian–early
Campanian), Bostobe Formation, Kyzylorda Region, Kaza-
khstan; Late Cretaceous (Santonian–Campanian), Syuk-Syuk
Formation and probably the lower part of the Darbaza Forma-
tion, Kyrkkuduk well (� Sary-Agach � Kyrkkuduk I), South
Kazakhstan Region, Kazakhstan (referred material of Vitek and
Danilov 2012).

Diagnosis. “Trionyx” kansaiensis can be diagnosed as a mem-
ber of Pan-Trionychidae by the full list of shell characters pro-
vided for that clade above. Among middle Late Cretaceous
pan-trionychids, “T.” kansaiensis can be differentiated by large
size (CL up to 75 cm), a deep nuchal notch, unreduced costals
VIII, and well-developed hyo-hypoplastral callosities that cover
most of the medial and lateral processes.

Comments. “Trionyx” kansaiensis is based on an assemblage
of shell pieces that clearly document that it is distinct from all
other roughly coeval forms (Vitek and Danilov 2010; Li, Joyce,
and Liu 2015), but comparison with skull-based taxa is not
possible.  Danilov, Vitek et al. (2015) recently suggested that
“T.” kansaiensis may belong to the skull-based Khunnuchelys
lophorhothon, because both taxa co-occur in the Bostobe For-
mation and are known from similarly large specimens. This
conclusion is supported by the recent report of a rather sim-
ilar or even conspecific form from the late Turonian of
Dzharakuduk, Uzbekistan, which also happens to be the type
locality of Khunnuchelys kizylkumensis (Danilov and Vitek
2013). A similar argument can be made for the type of T.
zakhidovi, a nomen dubium that is based on an enormous
femur from coeval sediments. Pending the discovery of asso-
ciated material, we nevertheless maintain “T.” kansaiensis as
a valid species.
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“Trionyx” linchuensis (Yeh, 1962)

Taxonomic history. Amyda linchuensis Yeh, 1962 (new species);
Trionyx linchuensis Kuhn 1964 (new combination).

Type material. IVPP V1050 (holotype), a partial carapace, the
right coracoid, and a partial skull (Yeh 1962, pl. 1.1).

Type locality. Niushan, Linqu (� Linchu) County, Shandong
(� Shantung) Province, China (Yeh 1962; Figure 3); early
Eocene (Ye 1994).

Referred material and range. No specimens have been referred
to date.

Diagnosis. “Trionyx” linchuensis can be diagnosed as a
member of Pan-Trionychidae by the full list of carapacial
characters provided for that clade above. Among Paleogene
pan-trionychids from Asia, “T.” linchuensis can be differen-
tiated from all the others by small size and a complete 
neural column that fully separates the costals from one
another.

Comments. “Trionyx” linchuensis is based on a carapace and
an unfigured skull from Shandong, China, that was originally
reported to be late Eocene to Oligocene (Yeh 1962), but more
recently corrected to be early Eocene in age (Ye 1994). As was
typical prior to the work of Meylan (1987), Yeh (1962)
attempted to classify this small species (CL of 17 cm) using
the simplified classification key developed by Hay (1908) for
fossil trionychids from North America. On the one side, Yeh
(1962) reasoned that “T.” linchuensis is not a representative of
Nilssonia (his Aspideretes) as it lacks preneurals. However, he
was uncertain in regard to the number of costals and therefore
was not able to rigorously distinguish between Amyda (eight
costals) and Apalone (his Platypeltis, seven costals). This state-
ment is baffling, however, as the type figures clearly display a
trionychid with eight pairs of costals. Yeh (1962) tentatively
placed his new taxon into Amyda and further noted that it
was similar overall to the late Eocene “T.” johnsoni from
nearby Inner Mongolia, especially in terms of carapace sculp-
turing. We herein note that costals VIII do not seem to con-
tact each other along the carapace midline, and the specimen
therefore seems to bear a complete neural column, a feature
that has otherwise only been observed in a small handful of
species (e.g., the early Cretaceous Perochelys lamadongensis
and the extant Dogania subplana). Although we believe that
the type specimen likely represents a juvenile, we nevertheless
feel confident in diagnosing a valid species using this rare
characteristic.

“Trionyx” messelianus Reinach, 1900
(� T. messelianus lepsiusi Hummel, 1927 �

T. messelianus kochi Hummel, 1927)

Taxonomic history. Trionyx messelianus Reinach, 1900 (new
species); Rafetoides austriacus � T. messelianus � T. messelianus
kochi � T. messelianus lepsiusi Karl 1998 (junior synonym);
Palaeoamyda messeliana Cadena 2016 (new combination and
emended spelling of species epithet).

Type material. SMF R106 (holotype), an almost complete cara-
pace and a hyoplastron fragment (Reinach 1900, pls. 41, 42;
Hummel 1927, pl. 6.24; Karl 1998, pl. 8.5).

Type locality. Messel pit fossil site, Hesse, Germany (Reinach
1900; Figure 4); MP 11, early Lutetian, middle Eocene (Joyce et
al. 2012).

Referred material and range. Middle Eocene (MP 11, Lutetian)
of type locality, Germany (referred material of Harrassowitz
1919; Hummel 1927; Karl 1998; Cadena 2016); middle Eocene
(Lutetian), Geiseltal, Saxony-Anhalt, Germany (referred mate-
rial of Cadena 2016).

Diagnosis. “Trionyx” messelianus can be diagnosed as a member
of Pan-Trionychidae by the full list of characters listed for that
clade above. Among Paleogene pan-trionychids from Europe,
“T.” messelianus can be differentiated from the others by being
medium-sized and having thinner callosities, a nuchal that is
only partially covered by metaplastic bone, no preneural, and
relatively small, equidimensional costals VIII.

Comments. “Trionyx” messelianus is known from rich mate-
rial from the middle Eocene localities of Messel and Geiseltal,
Germany (Reinach 1900; Harrassowitz 1919; Hummel 1927;
Karl 1998; Cadena 2016), including many articulated skele-
tons. Three subspecies were named based on material from
the type locality (e.g., T. messelianus messelianus, T. mes-
selianus kochi, and T. messelianus lepsiusi), but we herein uni-
versally disregard varieties and subspecies and refer all
material to the specific level alone. Karl (1998) suggested “T.”
messelianus to be a junior synonym of the late Eocene T. aus-
triacus, but we disregard that assessment, as T. austriacus is
based on a partial, now lost carapace (see below) that lacks
diagnostic features.

Cadena (2016) recently provided an updated description
of some specimens from Messel and Geiseltal, concluded that
“Trionyx” messelianus is the sister to the extant Amyda carti-
laginea from Southeast Asia, and therefore assigned this taxon
to a new genus, Palaeoamyda. This conclusion contradicts
other recent arguments that “T.” messelianus is an early repre-
sentative of the T. triunguis lineage (e.g., Broin 1977; Karl
1999a). Although a reanalysis of this taxon is outside of the
scope of this contribution, we here note that “T.” messelianus
was incorrectly coded for the length of the epiplastra
processes (long, not short) and that many apparent differences
of “T.” messelianus with the Amyda lineage have not yet been
encoded, in particular different developments of costal rib
VIII and costal VIII, varying lengths of the intermaxillary
suture, and different developments of the pterygoid muscle
scar. For these reasons, we here retain messelianus in Trionyx
for the moment but highlight phylogenetic ambiguity through
the use of quotation marks.

“Trionyx” miensis Okazaki and Yoshida, 1977

Taxonomic history. Trionyx miensis Okazaki and Yoshida, 1977
(new species).

Type material. Aichi University (holotype), a partial cranium
(Okazaki and Yoshida 1977, figs. 2, 3, pl. 1.1–4).
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Type locality. Kitakoyama, Mie Prefecture, Japan (Okazaki and
Yoshida 1977; Figure 3); Kameyama Formation, late Pliocene
(Hirayama 2007).

Referred material and range. No specimens have been referred
to date.

Diagnosis. “Trionyx” miensis can be diagnosed as a member of
Pan-Trionychidae by a quadratojugal that does not contact the
postorbital or maxilla. Among Neogene to Recent pan-triony-
chids from Asia, “T.” miensis can be differentiated by the devel-
opment of broad triturating surfaces and an incipient secondary
palate.

Comments. “Trionyx” miensis is based on a well-preserved, par-
tial skull from the Pliocene of Japan. Okazaki and Yoshida
(1977) noticed similarity of their new taxon with the extant
Pelodiscus sinensis and differentiated their new species on the
basis of skull proportions and maxillae shape, but we fully dis-
agree, as the skull in Pelodiscus sinensis is notably slender and
lacks expanded triturating surfaces or an incipient secondary
palate. To our knowledge, incipient or fully formed secondary
palates otherwise only occur among pan-trionychids in Late
Cretaceous Khunnuchelys spp. (e.g., Brinkman et al. 1993), Late
Cretaceous to Paleocene plastomenids (Joyce and Lyson 2011;
Joyce et al. 2016), the Eocene “T.” henrici and “T.” ikoviensis
(Walker and Moody 1974; Danilov et al. 2011), and the Miocene
“T.” vindobonensis (Broin 1977). Given that spatial and tempo-
ral arguments render close relationships with these forms
unlikely, we feel confident in supporting the validity of “T.”
miensis using this character complex.

“Trionyx” minusculus (Chkhikvadze, 1973),
comb. nov.

Taxonomic history. Plastomenus minusculus Chkhikvadze,
1973 (new species); Paraplastomenus minusculus Kordikova
1994a (new combination); Francedebroinella minuscula
Chkhikvadze 1999a (new combination, emended spelling of
species epithet).

Type material. IPGAS Z-13-1 (holotype), a partial hyo-
hypoplastron (Chkhikvadze 1973, pl. 4.2; Chkhikvadze 2008b,
fig. 5 [bottom]).

Type locality. Konur-Kura (� Djeman-Gora � Djuva-Kara �

Djeman-Kara), 12 km south of Karabulak, Zaysan Depression,
East Kazakhstan Region, Kazakhstan (Chkhikvadze 2007,
2008a, 2010; Figure 3); lower Aksyir suite, late Eocene
(Kordikova 1994b; Chkhikvadze 2008a).

Referred material and range. No specimens are referred herein.

Diagnosis. “Trionyx” minusculus can be diagnosed as a mem-
ber of Pan-Trionychidae by the full list of plastral characters pro-
vided for that clade above. Among Paleogene pan-trionychids
from Asia, “T.” minusculus can be differentiated from the oth-
ers by being notably small and having well-developed, thick hyo-
hypoplastral callosities that form a relatively narrow bridge, but
fully cover the lateral plastral processes.

Comments. “Trionyx” minusculus is yet another Asian pan-
trionychid taxon that is based on a partial hyo-hypoplastron
and that has purported plastomenid affinities (Chkhikvadze
1973). The thick shell bones, which originally hinted at rela-
tionships with this North American clade, are now believed
to be a widespread feature among Paleogene Asian pan-tri-
onychids (Vitek and Danilov 2014), and their relationships
with the North American clade remain unclear. Chkhik-
vadze (1999a) established his new monotypic genus
Francedebroinella to accommodate for the unique morphol-
ogy of this taxon and diagnosed it by the hyperossification
of the shell. Our decision to not accept the validity of most
named pan-trionychids that are based on fragmentary mate-
rial is rooted on our conclusion that most of the isolated tri-
onychid finds are not that unusual by themselves and
therefore cannot diagnose a valid species. The type of “T.”
minusculus is the exception to the rule, as we are not aware
of any other pan-trionychid globally to possess such a mas-
sive ossified hyo-hypoplastron, while maintaining a narrow
bridge, and small size. We therefore here recognize the valid-
ity of this species but once again await the description of the
remainders of the skeleton.

“Trionyx” ninae Chkhikvadze, 1971
(� T. turgaicus Kuznetsov and Chkhikvadze,

1977 � T. zaisanensis Chkhikvadze, 1973)

Taxonomic history. Trionyx ninae Chkhikvadze, 1971 (new
species); Palaeotrionyx ninae Broin 1977 (new combination and
incorrect spelling of genus name); Rafetus ninae Chkhikvadze
1989 (new combination); Ulutrionyx ninae Kordikova 1994a
(new combination); Yuen ninae Chkhikvadze 2007 (new com-
bination); Oscaria ninae Chkhikvadze 2008b (new combina-
tion); Ulutrionyx ninae � T. turgaicus � T. zaisanensis Vitek and
Danilov 2015 (senior synonym).

Type material. IPGAS KK-19 (holotype), a left hypoplastron
(Chkhikvadze 1971, fig. 2; Chkhikvadze 2008b, fig. 1).

Type locality. Kyzyl-Kak, 60 km southwest of Zhezqazghan (�
Jezkazgan � Dzhezgazgan), Karagandy Region, Kazakhstan
(Chkhikvadze 1971; Vitek and Danilov 2015; Figure 3); Betpak-
dalinskaya suite (Betpakdala Formation), Oligocene (Vitek and
Danilov 2015).

Referred material and range. Late Eocene–Oligocene, Chelkar-
nurinskaya (� Chiliktinskaya suite) and Betpakdalinskaya suite,
Turgai Depression, Karagandy Region, Kazakhstan (type mate-
rial of Trionyx turgaicus and referred material of Vitek and
Danilov 2015); late Eocene–Oligocene, Kustovskaya suite,
Zaysan Depression, East Kazakhstan Region, Kazakhstan (type
material of T. zaisanensis; Chkhikvadze 1973).

Diagnosis. “Trionyx” ninae can be diagnosed as a member of
Pan-Trionychidae by the full list of shell characters listed for that
clade above. Among Paleogene pan-trionychids from Asia, “T.”
ninae can be differentiated from all taxa (except for Kuhnemys
palaeocenica) by having reduced costals VIII, and from K.
palaeocenica by being larger and having two lateral hyoplastral
processes.
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Comments. Over the course of four decades, Chkhikvadze
(1970, 1971, 1973, 1984, 1989, 1999b, 2008a, 2008b) and
Kuznetsov and Chkhikvadze (1977) published a series of
papers in which they named a total of 13 pan-trionychid taxa
based on isolated fragments collected in Eocene to Miocene
sediments exposed in Kazakhstan. These are, in temporal
order, Plastomenus mlynarskii Chkhikvadze, 1970; Trionyx
ninae Chkhikvadze, 1971; T. zaisanensis and Plastomenus
minusculus Chkhikvadze, 1973; T. turgaicus Kuznetsov and
Chkhikvadze, 1977; Plastomenus gabunii Chkhikvadze, 1984;
T. jakhimovitchae Chkhikvadze, 1989; Zaisanonyx jimenez-
fuentesi Chkhikvadze, 2008b; Rafetus yexiangkuii Chkhik-
vadze, 1999b; Altaytrionyx burtschaki, Altaytrionyx devjatkini,
and Altaytrionyx phiruzae Chkhikvadze, 2008a; and Rafetus
karkhualexandri Chkhikvadze 2000b. The description of tur-
tles based on isolated fragments was commonplace during the
19th century (see Vitek and Joyce [2015] for North American
pan-trionychids), but this practice is now generally frowned
on, because most modern taxonomists recognize that turtles
show substantial and overlapping interspecific and intraspe-
cific variation and that a single fragment is therefore rarely rep-
resentative for a single species. The validity of fragment taxa
can sometimes be “saved,” if a particular stratigraphic unit
yields a rich fauna that allows attribution of a type using mor-
phology assisted by a stratigraphic rationale (e.g., Gardner et
al. [1995] for pan-trionychid remains found in the Campanian
of Alberta, Canada). Conversely, it is acceptable to typify a new
species based on a single fragment, if the description is accom-
panied by a comprehensive description of the associated fauna.
The extensive literature produced by Chkhikvadze unfortu-
nately does not provide outsiders with any insights regarding
the pan-trionychid fauna of Kazakhstan, and, despite many
attempts, we are unaware of any taxonomist having been
granted access to collections held at IPGAS. We are therefore
inclined to fully disregard this assortment of names. We nev-
ertheless make exception for “Trionyx” ninae, T. turgaicus, and
T. zaisanensis, which were exonerated as each other’s syn-
onyms by the more recent work of Vitek and Danilov (2015),
and “Trionyx” minusculus, which indeed reveals a highly
unusually morphology diagnostic for a valid species (see
above).

“Trionyx” ninae, T. turgaicus, and T. zaisanensis are based
on fragmentary remains from the Oligocene Turgai and Zaisan
Depressions of Kazakhstan (Chkhikvadze 1971, 1973;
Kuznetsov and Chkhikvadze 1977). Trionyx turgaicus was ini-
tially differentiated from “T.” ninae by lacking a suture between
the nuchal and costal I, but Vitek and Danilov (2015) more
recently attributed this difference to ontogenetic variation, as
this suture often closes up during ontogeny. Trionyx zaisanensis
was similarly differentiated from “T.” ninae by having a more
massive shell and longer posteromedial process of the hypoplas-
tron, but Vitek and Danilov (2015) recently cast doubt on the
veracity or usefulness of these characters. We here agree with
these assessments.

We find that none of the available type material is particu-
larly diagnostic for a valid species of pan-trionychids, but Vitek
and Danilov (2015) recently described new material from the
Oligocene from Kazakhstan that is consistent in its morphology
with the type of these three taxa but also documents much of
the remainder of the shell. We therefore agree that it is prudent
to support the validity of a single species of pan-trionychid in

the Oligocene of Kazakhstan, with “T.” ninae as the valid senior
synonym.

“Trionyx” onomatoplokos, new name

Taxonomic history. Palaeotrionyx riabinini Kuznetsov and
Chkhikvadze, 1987 (new species and incorrect spelling of genus
name); “Paleotrionyx” riabinini Kordikova 1992 (emended
genus spelling); Axestemys riabinini Kordikova 1994a (new com-
bination); Khunnuchelys riabinini Chkhikvadze 2000b (new
combination); Eurycephalochelys riabinini Chkhikvadze 2007
(new combination).

Etymology. The new specific epithet onomatoplokos is derived
from the Greek óvoμα (i.e., onoma) meaning “name” and the
verb πλέ�� (i.e., pleko) meaning “to enfold or twist,” alluding to
the taxonomic confusion caused by the original specific epithet
riabinini being applied to two distinct species from the same
locality in the same publication.

Type material. IZK R-3920 (holotype), a nearly complete nuchal
(Vitek and Danilov 2010, fig. 8; Danilov and Vitek 2013, fig.
23.2j).

Type locality. Shakh-Shakh, Kyzylorda Region, Kazakhstan
(Kuznetsov and Chkhikvadze 1987; Vitek and Danilov 2010;
Figure 3); Bostobe Formation, Santonian–early Campanian,
Late Cretaceous (Vitek and Danilov 2010).

Referred material and range. No specimens haven been referred
to date.

Diagnosis. “Trionyx” onomatoplokos can be diagnosed as a
member of Pan-Trionychidae by the presence of sculpturing that
covers all metaplastic portions of the shell bones and the absence
of scutes. Among middle Late Cretaceous pan-trionychids, “T.”
onomatoplokos can be differentiated from “T.” kansaiensis by
lacking a broad nuchal notch and from “T.” riabinini by being
larger and having a nuchal that is only partially covered by meta-
plastic bone.

Comments. “Trionyx” onomatoplokos is based on a single, large
(15 cm wide) nuchal from the Late Cretaceous (Santonian or
early Campanian) portions of the Bostobe Formation of Kaza-
khstan. We herein usually conclude that taxa based on single
fragments should be considered dubious, but we here make an
exception, as the pan-trionychid faunas of the Bostobe Forma-
tion are now well documented (Vitek and Danilov 2010), mak-
ing it clear that the morphology being displayed by the type
specimen is different from that displayed in the remainders of
the fauna. We therefore here maintain this species as valid, while
anticipating the discovery and description of more meaningful
material.

In their review of fragmentary turtle material from the
Bostobe Formation of Kazakhstan, Kuznetsov and Chkhikvadze
(1987) named two new pan-trionychid species within the gen-
era Trionyx and Paleotrionyx, but for reasons beyond our com-
prehension, they used the same species epithet twice, riabinini.
From a taxonomic and nomenclatural perspective, this action is
permissible, but highly confusing and impractical, because both
species share the same authorship and publication date, because
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their generic affiliation remains under flux, and because both
species were likely sympatric. As both taxa have unclear generic
affiliations, we here assign both to “Trionyx,” resulting in two
homonymous species of pan-trionychids within the Bostobe
Formation. We here provide the new name “T.” onomatoplokos
for the species originally published as Pal[a]eotrionyx riabinini.
This name may be short lived, as future work may support the
referral of both species to two genera once again, but could be
maintained permanently, if a petition is submitted to the Inter-
national Commission on Zoological Nomenclature (ICZN).

“Trionyx” riabinini Kuznetsov and 
Chkhikvadze, 1987

Taxonomic history. Trionyx riabinini Kuznetsov and Chkhik-
vadze, 1987 (new species); Plastomenus riabinini Chkhikvadze
and Shuvalov 1988 (new combination); Paraplastomenus
riabinini Kordikova 1994a (new combination); Crassithecachelys
riabinini Chkhikvadze 2000b (new combination); Aspideretoides
riabinini Vitek and Danilov 2010 (new combination).

Type material. IZK R-3919, (holotype), a partial nuchal (Vitek
and Danilov 2010, fig. 5b, c; Danilov and Vitek 2013, fig. 23.2d).

Type locality. Shakh-Shakh, Kyzylorda Region, Kazakhstan
(Kuznetsov and Chkhikvadze 1987; Vitek and Danilov 2010;
Figure 3); Bostobe Formation, Santonian–early Campanian,
Late Cretaceous (Vitek and Danilov 2010).

Referred material and range. Late Cretaceous (Santonian) Yalo-
vach Formation, Fergana Depression, Kansai, Khodzhent
Province, Tajikistan (referred material of Vitek and Danilov 2010).

Diagnosis. “Trionyx” riabinini can be diagnosed as a member of
Pan-Trionychidae by the full list of shell characters listed above
for that species. Among middle Late Cretaceous pan-triony-
chids, “T.” riabinini can be differentiated from “T.” kansaiensis
by being smaller and lacking a broad nuchal notch, and from
“T.” onomatoplokos by being smaller and having a nuchal that is
fully covered by metaplastic bone.

Comments. “Trionyx” riabinini is based on a partial nuchal from
the Late Cretaceous (Santonian or early Campanian) of Kaza-
khstan, but its validity is mostly supported by a rich collection
of fragmentary material that was referred by Vitek and Danilov
(2010) from roughly coeval sediments exposed in Tajikistan.
Vitek and Danilov (2010) considered it highly probable that “T.”
riabinini possesses a preneural, but this cannot be affirmed with
certainty based on the available material. The rich Tajik material
nevertheless allows reconstructing anatomical changes during
ontogeny (Vitek and Danilov 2010). Over the course of the
decades, “T.” riabinini has variously been referred to Plas-
tomenus (Chkhikvadze and Shuvalov 1988), Paraplastomenus
(Kordikova 1994a), Crassithecachelys (Chkhikvadze 2000b), and,
most recently, Aspideretoides (Vitek and Danilov 2010). How-
ever, given new insights into the phylogenetic relationships of
the type species of the latter genus (Vitek and Joyce 2015; Joyce
et al. 2016), we find it prudent to reassign this species to the neu-
tral “Trionyx.” See also “T.” onomatoplokos above for the case of
homonymy with Pal[a]eotrionyx riabinini.

“Trionyx” shiluutulensis Danilov et al., 2014

Taxonomic history. “Trionyx” shiluutulensis Danilov et al., 2014
(new species).

Type material. MPC 25/166 (holotype), a carapace (Danilov et
al. 2014, fig. 15).

Type locality. Shiluut Ula, Ömnögovi (� Umunugovi) Aimag,
Mongolia (Figure 3); unknown formation, Campanian, Late
Cretaceous (Danilov et al. 2014).

Referred material and range. No specimens haven been referred
to date.

Diagnosis. “Trionyx” shiluutulensis can be diagnosed as a mem-
ber of Pan-Trionychidae by the complete list of carapacial char-
acters provided for that clade above. Among late Late Cretaceous
pan-trionychids from Asia, “T.” shiluutulensis can most readily
be differentiated from others by the presence of a preneural and
eight neurals.

Comments. “Trionyx” shiluutulensis is based on a well-pre-
served, small (CL about 20 cm) carapace from the Late Creta-
ceous (Campanian) of Mongolia (Danilov et al. 2014) that can
easily be distinguished from other Late Cretaceous taxa from
Asia by the presence of a preneural. This bone is otherwise
known from coeval plastomenids preserved in North America
(Vitek and Joyce 2015; Joyce et al. 2016), but all known represen-
tatives of this lineage only possess seven neurals and significantly
larger costals VIII. Additional material will be needed to clarify
the phylogenetic placement of “T.” shiluutulensis, but its validity
seems uncontroversial.

“Trionyx” silvestris Walker and Moody, 1974
(� T. michauxi Broin, 1977)

Taxonomic history. Trionyx silvestris Walker and Moody, 1974
(new species); T. sylvestris Broin 1977 (incorrect spelling of
species epithet); Rafetoides henrici � T. silvestris � 7 others Karl
1998 (junior synonym, see “T.” henrici for complete synonym).

Type material. BMNH R 8567 (holotype), an almost complete
cranium (Walker and Moody 1974, pl. 118.1–3; Karl 1998, pl.
6.1).

Type locality. Abbey Wood, Kent, United Kingdom (Figure 4);
Blackheath Beds, early Ypresian, early Eocene (Walker and
Moody 1974).

Referred material and range. Early Eocene (Ypresian), Sables à
Unios et Térédines, Marne, France (type material of Trionyx
michauxi; Broin 1977).

Diagnosis. “Trionyx” silvestris can be diagnosed as a member of
Pan-Trionychidae by the full list of cranial characters provided
for that clade above. Among Paleogene pan-trionychids from
Europe known from cranial material, “T.” silvestris can only be
differentiated by a broader contribution of the parietals to the
skull roof.
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Comments. “Trionyx” silvestris is based on a skull from the
early Eocene of England (Walker and Moody 1974), which can
be easily distinguished from the coeval giant pan-trionychid
Axestemys vittata (see above) by its size and the development
of broad anterior triturating surfaces. Early Eocene sediments
in Belgium, France, and Great Britain have yielded many frag-
mentary remains that might be attributable to this taxon (e.g.,
Broin 1977), including the types of T. bowerbanki and T. pus-
tulatus (see below), but clear associations are still lacking, and
we are therefore reluctant to synonymize these taxa. Karl
(1998) synonymized all medium-sized pan-trionychids from
the early and late Eocene of Great Britain into “T.” henrici,
which is typified by late Eocene material. We generally sympa-
thize with this idea, as we too find strong resemblance among
most Eocene pan-trionychid material, but we here do not sup-
port Karl’s (1998) proposed synonymy, as the only preserved
late Eocene skull (Boulenger 1891) is too poorly preserved to
allow meaningful comparison. We find a close relationship
with “T.” messelianus from the middle Eocene of Germany
plausible as well, but the palate of this taxon remains unde-
scribed, and we therefore cannot assess if meaningful similar-
ities are apparent with the distinctive triturating surfaces of
“T.” silvestris. By contrast, we see overwhelming similarities
between the skull of “T.” silvestris and that of the coeval skull-
based taxon T. michauxi from nearby France, in that both pos-
sess expanded triturating surfaces that are formed by a broad
midline contact of the maxillae. Differences are apparent to
the width of the triturating surfaces, the palate of T. michauxi
being wider, but this is easily referable to interspecific varia-
tion, as previously documented for other extant and fossil pan-
trionychids (Dalrymple 1977; Joyce et al. 2016). We therefore
here synonymize these two species with confidence, though
without certain generic affiliations. We are only able to differ-
entiate “T.” silvestris from the roughly coeval “T.” ikoviensis
from Ukraine by nuanced differences to the development of
the parietal and biogeographic concerns.

Invalid and Problematic Taxa

Altaytrionyx burtschaki Chkhikvadze, 2008a
nomen dubium

Taxonomic history. Altaytrionyx burtschaki Chkhikvadze 2008b
(nomen nudum); Altaytrionyx burtschaki Chkhikvadze, 2008a
(new species).

Type material. IPGAS 7-1-58 (holotype), medial part of a left
hypoplastron (Chkhikvadze 2008b, fig. 11; Chkhikvadze 2008a,
fig. 2); IPGAS 7-1-66 (paratype), medial part of a left hypoplas-
tron (Chkhikvadze 2008a, fig. 3).

Type locality. Treugol’nik Locality, Kalmakpay River, Zaysan
Depression, East Kazakhstan Region, Kazakhstan; lower part of
Obaylinskoy suite (Chkhikvadze 2008a), middle Eocene
(Danilov, Sukhanov et al. 2015).

Comments. Chkhikvadze (2008b) initially introduced this name
along with a figure of what would later become the holotype,
but he did not provide a description, and this contribution there-
fore does not qualify for nomenclatural purposes (ICZN 1999).

In the same year, Chkhikvadze (2008a) formally described
Altaytrionyx burtschaki and referred a partial hypoplastron to
this taxon, which serves as a paratype. Chkhikvadze (2008a)
considered this turtle to be the largest species of his newly estab-
lished genus Altaytrionyx and diagnosed it relative to its con-
geners by the thickness of the shell, which is about 12 mm in the
thickest part of the holotype, and by its sculpturing. Judging
from the published figures, however, the available material bears
no diagnostic characters and should rather be interpreted as an
indeterminate pan-trionychid. For additional discussion, see
“Trionyx” ninae (above).

Altaytrionyx devjatkini Chkhikvadze, 2008a
nomen dubium

Taxonomic history. Altaytrionyx devjatkini Chkhikvadze, 2008a
(new species).

Type material. IPGAS (holotype), a right hypoplastron
(Chkhikvadze 2008a, fig. 4); IPGAS (paratype), fragment of
the right hyoplastron of a juvenile individual (Chkhikvadze
2008a, fig. 5); IPGAS (paratype), a left hyoplastron (Chkhik-
vadze 2008a, fig. 6); IPGAS (paratype), fragment of the medial
part of the right hypoplastron of an old individual (Chkhik-
vadze 2008a, fig. 7).

Type locality. Sem’kamney Locality, Kalmakpay River, Zaysan
Depression, East Kazakhstan Region, Kazakhstan; basal part of
the Chakpaktasskoy suite (Chkhikvadze 2008a), early Eocene
(Danilov, Sukhanov et al. 2015).

Comments. Altaytrionyx devjatkini is based on fragmentary
plastral material that was originally reported to be Paleocene
(Chkhikvadze 2008a), but more recently corrected to be early
Eocene (Danilov, Sukhanov et al. 2015). Chkhikvadze (2008a)
differentiated Altaytrionyx devjatkini from the other species of
his Altaytrionyx by the absence of an epiplastral notch on the
hyoplastron, presence of two axillary and inguinal processes on
the hyo- and hypoplastra, and prominent sculpturing of the hyo-
and hypoplastra, but these characters are now considered to be
too general. For a discussion on the validity of pan-trionychid
taxa from the Tertiary of Kazakhstan, see “Trionyx” ninae
(above).

Altaytrionyx phiruzae Chkhikvadze, 2008a
nomen dubium

Taxonomic history. Crassithecachelys phirusae Chkhikvadze
1995 (nomen nudum); Altaytrionyx phirusae Chkhikvadze
2008b (nomen nudum); Altaytrionyx phiruzae Chkhikvadze,
2008a (new species, with alternative spelling of species epithet).

Type material. IPGAS 7-8-1 (holotype), medial part of a right
hypoplastron (Chkhikvadze 2008b, fig. 10; Chkhikvadze 2008a,
fig. 1).

Type locality. Chkhikvadze Locality, Aksyir River, Zaysan
Depression, East Kazakhstan Region, Kazakhstan; the lower part
of Obaylinskoy or Chakpaktasskoy suites (Chkhikvadze 2008a),
early–middle Eocene (Danilov, Sukhanov et al. 2015).
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Comments. Chkhikvadze (1995) initially introduced the name
Crassithecachelys phirusae, but this action was not accompanied
by a description, and this name therefore does not qualify for
nomenclatural purposes (ICZN 1999). A few years later,
Chkhikvadze (2008b) published the name Altaytrionyx phirusae
together with a figure of the only known specimen, but a
description was still lacking, and this name too cannot be con-
sidered for nomenclatural purposes (ICZN 1999). The name
Altaytrionyx phiruzae finally became available when Chkhik-
vadze (2008a) published the name in concert with a brief
description, although, frustratingly, two spellings were intro-
duced, Altaytrionyx phirusae and Altaytrionyx phiruzae. We here
select Altaytrionyx phiruzae as the valid spelling, as it appeared
earlier in the text than the other spelling. Chkhikvadze (2008a)
considered the age of Altaytrionyx phiruzae to be Paleocene, but
it is now believed to be Eocene (Danilov, Sukhanov et al. 2015).
Altaytrionyx phiruzae purportedly differs from the other species
attributed to the same genus in terms of size, shell thickness, and
the proportions of the hypoplastra (Chkhikvadze 2008a). How-
ever, judging from the published figures of the only known spec-
imen, a hypoplastron, these differences seem to be minute and
not sufficient to justify a valid trionychid taxon. For a discus-
sion on the validity of pan-trionychid taxa from the Tertiary of
Kazakhstan, see “Trionyx” ninae (above).

Amyda menneri Chkhikvadze, 1988
nomen dubium

Taxonomic history. Amyda menneri Chkhikvadze in Chkhik-
vadze and Shuvalov, 1988 (new species); Amyda menenri
Sukhanov 2000 (incorrect spelling of species epithet); [Amyda
menneri] Danilov et al. 2014 (nomen dubium).

Type material. IPGAS 11-5-1 (holotype), incomplete postcra-
nium of a single individual, including a nuchal, the proximal
part of costal I, a fragment of the right hyo-hypoplastron, a frag-
ment of a xiphiplastron, and assorted nonshell bones (Chkhik-
vadze and Shuvalov 1988, fig. 1a); IPGAS 11-5-2 (paratype),
nuchal fragment; IPGAS 11-5-3 (paratype), anterior part of a
carapace; IPGAS 11-5-4 (paratype), distal part of right hyoplas-
tron; IPGAS 11-5-5 (paratype), right costal VII; IPGAS 11-5-6
(paratype), right hyoplastron (Chkhikvadze and Shuvalov 1988,
fig. 1c); IPGAS 11-13-11 (paratype), medial part of right
hyoplastron; IPGAS 11-14-2 (paratype), left posterior part of
carapace; IPGAS 11-14-3 (paratype), medial part of left
hypoplastron (Chkhikvadze and Shuvalov 1988, fig. 1d); IPGAS
11-14-4 (paratype), posterior part of carapace (Chkhikvadze
and Shuvalov 1988, fig. 1e); IPGAS 11-17-1 (paratype), left half
of carapace.

Type locality. Gurilin Tsav, Ömnögovi (� Umunugovi) Aimag,
Mongolia (Chkhikvadze in Chkhikvadze and Shuvalov 1988;
Danilov et al. 2014); Nemegt Formation, Maastrichtian, Late
Cretaceous (Danilov et al. 2014).

Comments. Amyda menneri was established on the basis of iso-
lated shell fragments from several localities within the Nemegt
Formation of south central Mongolia (Chkhikvadze and Shu-
valov 1988). Danilov et al. (2014) concluded that the material
may represent a chimera, that the holotype is not diagnostic, and

that Amyda menneri is a nomen dubium (Danilov et al. 2014).
We fully agree with this assessment.

Amyda neimenguensis Yeh, 1965
nomen invalidum

(junior synonym of “Trionyx” johnsoni
[Gilmore, 1931])

Taxonomic history. Amyda neimenguensis Yeh, 1965 (new
species).

Type material. IVPP V 2870 (holotype), posterior portions of a
carapace (Yeh 1965, fig. 4, pl. 7).

Type locality. Ulan Shireh, Inner Mongolia, China (Yeh 1965);
middle Eocene (Danilov, Sukhanov et al. 2015).

Comments. Amyda neimenguensis is based on a large carapace
(CL about 50 cm) from the middle Eocene of Inner Mongolia.
The holotype was initially believed to be late Eocene in age (Yeh
1965), but was more recently reassigned to the middle Eocene.
Yeh (1965) noted similarities with “Trionyx” johnsoni but nev-
ertheless justified the recognition of a new species based on dif-
ferences in carapace shape and size, shape and size of neural VI,
and carapace sculpturing. Given that both Amyda neimenguen-
sis and “T.” johnsoni are now known to originate from roughly
coeval sediments in the same geographic area and that both are
characterized by small costals VIII combined with unusually
enlarged distal margins of costals VI, we here synonymize these
taxa with confidence.

Aspideretes alashanensis Yeh, 1965
nomen invalidum

(junior synonym of Kuhnemys maortuensis 
[Yeh, 1965])

Taxonomic history. Aspideretes alashanensis Yeh, 1965 (new
species); Paraplastomenus alashanensis Kordikova 1994a (new
combination).

Type material. IVPP V2865 (holotype), a damaged carapace
(Yeh 1965, fig. 2, pl. 3; Danilov and Vitek 2013, fig. 23.2c).

Type locality. Dashukou, Maortu (� Maorty), Alxa (�
Alashan), Inner Mongolia, China (Yeh 1965); Ulansuhai For-
mation, Turonian, Late Cretaceous (Brusatte et al. 2009).

Comments. Aspideretes alashanensis is based on a partial cara-
pace from Inner Mongolia, China, that was recovered from the
same locality as the holotype of Kuhnemys maortuensis (Yeh
1965). These specimens were long believed to be poorly dated at
either late Early Cretaceous or early Late Cretaceous (Brinkman
et al. 2008), but we here show that they most likely originate
from the Ulansuhai Formation, which is currently dated as Late
Cretaceous (Turonian). The type of Aspideretes alashanensis cor-
responds in all important details with that of the better-pre-
served type of Kuhnemys maortuensis, especially by showing
highly reduced costals VIII, and we therefore synonymize the
two. As both names were formed in the same publication, and
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as no rules exist that should be given preference, such as page
priority, we, as primary revisers, here chose maortuensis as the
senior synonym (see Kuhnemys maortuensis above for addi-
tional comments).

Aspideretes jaxarticus Riabinin 1938
nomen nudum

Material. None discussed or designated.

Locality. Kyrkkuduk well (� Sary-Agach � Kyrkkuduk I),
South Kazakhstan Region, Kazakhstan (Riabinin 1938;
Kordikova 1994b); Syuk-Syuk Formation or lower part of Dar-
baza Formation, Santonian or Campanian, Late Cretaceous
(Kordikova 1994b; Danilov and Vitek 2013).

Comments. Riabinin (1938) briefly mentioned pan-trionychid
remains from the Sary-Agach (now Kyrkkuduk well) locality as
representing two new species of pan-trionychid turtles: Plas-
tomenus jaxarticus (see below) and Aspideretes jaxarticus. It is
mystifying that he assigned the same species epithet to both taxa,
as this creates much confusion, even if both taxa are not avail-
able or valid (see discussion in “Trionyx” onomatoplokos about
Trionyx riabinini Kuznetsov and Chkhikvadze, 1987, and Pale-
otrionyx riabinini Kuznetsov and Chkhikvadze, 1987, for a sim-
ilar example). Riabinin (1938) did not provide descriptions,
diagnoses, figures, or holotypes for either taxon, and these
names can therefore be interpreted as nomina nuda (Vitek and
Danilov 2012), thereby sparing the fossil turtle community addi-
tional taxonomic aggravation.

Aspideretes muyuensis Lei and Ye, 1985
nomen dubium

Taxonomic history. Aspideretes muyuensis Lei and Ye, 1985 (new
species); Paleotrionyx muyuensis Chkhikvadze 1990 (new com-
bination); Eurycephalochelys muyuensis Chkhikvadze 2007 (new
combination).

Type material. YIGM V 25517 (holotype), a rather complete
carapace, plastron, and parts of the pelvis (Lei and Ye 1985, figs.
2, 3; Ye 1994, fig. 69).

Type locality. Muyu, Nanzhang County, Hubei Province, China;
Yangxi Formation, early Eocene (Lei and Ye 1985).

Comments. Aspideretes muyuensis is based on a relatively small,
poorly documented shell from the Eocene of China (Lei and Ye
1985). The size of the holotype is unclear, as two different scale
bars and the table imply different sizes, but is seems that the cara-
pace is relatively small, likely less than 15 cm. Lei and Ye (1985)
considered this taxon to be a probable member of Nilssonia (his
Aspideretes) on the basis of the presence of a preneural, but we
question the veracity of this observation, as the relevant portion
of the shell is not well preserved. Chkhikvadze (1990, 2007) saw
similarities with the giant pan-trionychids of North America,
but this is perhaps a misunderstanding caused by the confusing
use of conflicting scale bars. Until the holotype has been
redescribed in greater detail, we find this taxon to be dubious, as
we cannot find characters that allow us to rigorously diagnose a

valid taxon. Chkhikvadze (1990) described fragments from the
middle Eocene of Kazakhstan under the name Paleotrionyx cf.
muyuensis (Chkhikvadze 1990), which now serve as the holo-
type of Zaisanonyx jimenezfuentesi (see below). We confirm that
these have no apparent similarities with the taxon from China.

Aspilus cortesii Portis, 1885
nomen dubium

Taxonomic history. Aspilus cortesii Portis, 1885 (new species);
[Trionyx cortesii] Hummel 1929 (new combination, nomen
dubium); Trionyx cortisii Bergounioux 1935 (incorrect spelling
of species epithet).

Type material. MPP (holotype), a partial cranium with mandible
(Portis 1885, pl. 11.2–3).

Type locality. Exact locality unknown (Portis 1885; Kotsakis
1985), probably Montezago, Emilia-Romagna, Italy (Broin 1977;
Chesi 2009); late Miocene or Pliocene (Portis 1885; Kotsakis
1985).

Comments. Aspilus cortesii is based on a 13 cm long skull with
uncertain provenience. Portis (1885) suggested that this speci-
men shows close relationship with the extant Amyda cartilaginea
(his Aspilus cariniferus), thereby establishing the purported pres-
ence of this Asian group in Europe, but Hummel (1929) believed
it to be an indeterminate trionychid.

The skull of Aspilus cortesii is elongated and has relatively
large orbits, but it was only figured in dorsal and lateral view and
shows extensive damage. As such, although this is one of the few
European taxa based on cranial material, no characters are avail-
able that would rigorously diagnose this as a valid taxon. We
here therefore consider Aspilus cortesii to be nomen dubium but
join Kotsakis (1985) in calling for a systematic revision of the
available material.

Chitra minor Jaekel, 1911
nomen dubium

Taxonomic history. Chitra minor Jaekel, 1911 (new species);
[Chitra minor] Hummel 1929 (nomen dubium); Chitra indica �
Chitra minor Karl 1987 (junior synonym); Pelochelys cantorii �

Chitra minor Rhodin et al. 2015 (junior synonym).

Type material. MB R2496.1-2 (syntypes), a right xiphiplastron
and a left hypoplastron (Jaekel 1911, pl. 15.3, 4).

Type locality. Trinil, Java, Indonesia (Jaekel 1911); Trinil Forma-
tion, Pleistocene (McCord and Pritchard 2002).

Comments. Chitra minor is based on two plastral fragments
from the Pleistocene of Java, Indonesia (Jaekel 1911). Karl (1987)
considered this taxon to be a junior synonym of the extant Chi-
tra indica as he believed their morphology, at least as present, to
correspond fully. McCord and Pritchard (2002), on the other
had, suggested that the features presented in the available mate-
rial were not sufficient to diagnose a valid species. However,
given the current distribution of giant soft-shelled turtles, they
suggested that these fragments are not referable to Chitra, but
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rather Pelochelys, and that Chitra minor is probably a junior syn-
onym of Pelochelys cantorii, which occurs in the extant fauna of
Java. The type and only known material is fragmentary, and,
judging from the original figures of Jaekel (1911), we find it
insufficient to allow attribution to either Chitra or Pelochelys. We
therefore suggest that Chitra minor is a nomen dubium.

Chitra selenkae Jaekel, 1911
nomen suppressum

(suppressed senior synonym of Chitra chitra
Nutaphand, 1986)

Taxonomic history. Chitra selenkae Jaekel, 1911 (new species);
Chitra indica � Chitra selenkae Karl 1987 (junior synonym);
Chitra chitra � Chitra selenkae ICZN 2005 (suppressed senior
synonym).

Type material. MB R2495.1-3 (syntypes), a scapula, a right
xiphiplastron, and a clavicle (Jaekel 1911, pl. 15.1, 2, 11; Karl
1987, pl. 14.2).

Type locality. Trinil, Java, Indonesia (Jaekel 1911); Trinil Forma-
tion, Pleistocene (McCord and Pritchard 2002, 2003; Rhodin et
al. 2015).

Comments. This species is based, among others, on a large cara-
pace with a midline length of 64 cm (McCord and Pritchard
2002). Karl (1987) considered this to be a junior synonym of Chi-
tra indica based on overall correspondence in morphology. A few
years later, McCord and Pritchard (2002) noted several features
that establish a close vicinity of Chitra selenkae with extant Chitra
chitra, but they were reluctant to formally propose a synonymy, as
such a synonymy would partially depend on the species concept
being chosen and because the extinct Chitra selenkae Jaekel, 1911,
would have priority over the extant Chitra chitra Nutaphand, 1986.
The same authors therefore soon after made a formal petition to
the ICZN (McCord and Pritchard 2003) requesting that Chitra
chitra should receive priority over Chitra selenkae whenever the
two are considered synonyms, a petition that was accepted by the
ICZN (Opinion 2119, ICZN 2005). Rhodin et al. (2015) recently
listed Chitra selenkae as a junior synonym of Chitra chitra.
Although cryptic diversity in extant Chitra has been documented
(Engstrom et al. 2002), the resemblance of Chitra selenkae with
the extant Chitra chitra is remarkable. We agree that Chitra
selenkae is the suppressed senior synonym of Chitra chitra.

Emyda lineata Lydekker, 1885
nomen dubium, designation of lectotype

Taxonomic history. Emyda lineata Lydekker, 1885 (new species);
[Emyda lineata] Hummel 1929 (nomen dubium); Lissemys lin-
eata Kuhn 1964 (new combination).

Type material. IMC E210 (lectotype), a fragmentary peripheral
(Lydekker 1885, pl. 26.6); IMC E132 (paralectotype), a partial
nuchal (Lydekker 1885, pl. 26.3).

Type locality. Siwaliks, Punjab, Pakistan (see comments below);
Pliocene (Lydekker 1885).

Comments. Lydekker (1885) established three new pan-tri-
onychid taxa from the Pliocene of British India on the basis 
of rather fragmentary material: Emyda lineata, Emyda
palaeindica, and Emyda sivalensis. For all three taxa, he did
not specify an explicit type locality, but rather only mentioned
that the specimens originated from “the Indus Valley of Pun-
jab,” an area that more or less matches the entire Punjab, if the
Indus Valley is interpreted as the Indus Valley drainage basin.
After the dissolution of British India, the Punjab was divided
by the newly established countries of India and Pakistan into
two provinces holding this name. Given that the Punjabi por-
tion of the Siwalik hills is almost entirely located within the
Pakistani side and that most of the fossils with good prove-
nience were collected on this side as well (e.g., Joyce and Lyson
2010b), it seems reasonable to infer that the fossils described
by Lydekker (1885) were collected within the boundary of
modern-day Pakistan.

Lydekker (1885) erected Emyda lineata, Emyda palaeindica,
and Emyda sivalensis on the basis of three syntype series that
each consist of at least one peripheral and one nuchal, and he
differentiated these three taxa relative to the extant Lissemys
punctata by their sculpturing pattern (Lydekker 1885). As it
remains unclear if the syntypes of these taxa originate from the
same locality, we here designate a peripheral for each taxon as its
lectotype. Hummel (1929) thought all three taxa to be dubious,
but Delfino et al. (2010) more recently suggested that they may
eventually be shown to be junior synonyms of the extant Lisse-
mys punctata. Taking into consideration the Pliocene age of
Lydekker’s (1885) specimens, the cryptic diversity observed
among extant Lissemys (Praschag et al. 2011), and legitimate crit-
icism regarding the identification of fragmentary fossils based
on the currently existing herpetofauna (Bell et al. 2010), we here
defy the synonymization of the Punjabi taxa with the extant Lis-
semys punctata, although assignment to the Lissemys lineage
seems certain based on the presence of peripherals (Meylan
1987).

In addition to the fragmentary syntypes of Emyda lin-
eata, Emyda palaeindica, and Emyda sivalensis, Lydekker
(1885) also described a relatively complete shell from the same
region that he identified as the extant Lissemys punctata (his
Emyda vittata). Although we find no evidence that would
contradict that conclusion, we refer this specimen to Lissemys
sp. and await further preparation, description, and analysis of
that specimen.

Emyda palaeindica Lydekker, 1885
nomen dubium, designation of lectotype

Taxonomic history. Emyda palaeindica Lydekker, 1885 (new
species); [Emyda palaeindica] Hummel 1929 (nomen dubium);
Lissemys palaeindica Kuhn 1964 (new combination).

Type material. IMC E134a (lectotype), one complete peripheral
(Lydekker 1885, pl. 14.5, 5a); IMC E132a (paralectotype), one
nuchal fragment (Lydekker 1885, pl. 14.10).

Type locality. Siwaliks, Punjab, Pakistan (see Emyda lineata
above); Pliocene (Lydekker 1885).

Comments. See Emyda lineata above for comments.
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Emyda sivalensis Lydekker, 1885
nomen dubium, designation of lectotype

Taxonomic history. Emyda sivalensis Lydekker, 1885 (new
species); [Emyda sivalensis] Hummel 1929 (nomen dubium);
Lissemys sivalensis Kuhn 1964 (new combination).

Type material. IMC E134 (lectotype), fragment of a peripheral
(Lydekker 1885, pl. 26.9); IMC E133 (paralectotype), right half
of a nuchal (Lydekker 1885, pl. 26.2); IMC E135 (paralectotype),
a partial peripheral (Lydekker 1885, pl. 26.7).

Type locality. Siwaliks, Punjab, Pakistan (see Emyda lineata
above); Pliocene (Lydekker 1885).

Comments. Emyda sivalensis Lydekker, 1885 should not be con-
fused with Trionyx hurum sivalensis Lydekker, 1889a, a proba-
ble junior synonym of the extant Nilssonia hurum (see below).
See Emyda lineata above for additional comments.

Eurycephalochelys fowleri 
Moody and Walker, 1970

nomen invalidum
(junior synonym of Axestemys vittata 

[Pomel, 1847])

Taxonomic history. Eurycephalochelys fowleri Moody and
Walker, 1970 (new species); Erycephalochelys fowleri Benton and
Spencer 1995 (incorrect spelling of genus name).

Type material. BMNH R8445 (holotype), an almost complete
skull, without the lower jaw (Moody and Walker 1970, figs. 1–5,
pl. 102).

Type locality. East Wittering, West Sussex, United Kingdom;
Wittering Formation, Bracklesham Series, late Ypresian, early
Eocene (Moody and Walker 1970; Walker and Moody 1985).

Comments. Eurycephalochelys fowleri is based on a large
skull with a total length of 21.5 cm (Moody and Walker
1970), but a much larger and better-preserved specimen was
more recently described from the same formation with a
23.4 cm length from the premaxilla to occipital condyle only
(Walker and Moody 1985). Moody and Walker (1970) and
Walker and Moody (1985) repeatedly ascertained the dis-
tinctness of their taxon relative to material from the Euro-
pean mainland, but we here synonymize it with Axestemys
vittata (see above).

Early Eocene sediments exposed at Bracklesham, England,
also yielded the type specimen of Trionyx bowerbanki Lydekker,
1889a, but we here agree that these two are not synonymous, as
the holotype of T. bowerbanki, an isolated nuchal, is too small
and too well ossified for a representative of the Axestemys line-
age. On the other side, unpublished specimens held in the col-
lections of the BMNH indicate the presence of plastral elements
that correspond to those of Axestemys vittata by being large and
by having extremely reduced callosities. We are therefore cer-
tain that T. bowerbanki is not closely related with Axestemys 
vittata.

Lissemys piramensis Prasad, 1974
nomen dubium

Taxonomic history. Lyssemys piramensis Prasad, 1974 (new
species and incorrect spelling of genus name).

Type material. GSI 18134 (holotype), an incomplete peripheral
(Prasad 1974, pl. 2.8).

Type locality. Piram (� Perim) Island, Gujarat, India; Piram
Conglomerate, Pliocene (Prasad 1974).

Comments. Prasad (1974) established Lissemys piramensis on
the basis of an incomplete peripheral from the Pliocene of Piram
Island, India, that he differentiated relative to fossil (Lydekker
1885) and extant species of Lissemys on the basis of sculpturing
pattern. Curiously, Prasad (1974) did not mention the beautiful
Lissemys skull that had been described by Lydekker (1889b)
from Perim Island. In any case, the type material of Lissemys
piramensis is not adequate for diagnosing a specimen to the
species level, and we herein therefore consider Lissemys pira-
mensis to be a nomen dubium.

Lissemys punctata sinhaleyus Deraniyagala, 1953
nomen dubium

Taxonomic history. Lissemys punctata sinhaleyus Deraniyagala,
1953 (new subspecies).

Type material. NMC F283 (holotype), a left hypoplastron
(Deraniyagala 1953, not figured).

Type locality. Sabaragamuwa Province, Sri Lanka (Deraniyagala
1953); Ratnapura Beds, Late Pleistocene (Rhodin et al. 2015).

Comments. This taxon was described on the basis of a single
hypoplastron that was purported to be rather similar to the
extant Sri Lankan endemic Lissemys ceylonensis, but the type
was never figured (Deraniyagala 1953) making it impossible to
reproduce this claim. Rhodin et al. (2015) somewhat inconsis-
tently stated that this species is a nomen dubium but neverthe-
less referred it to Lissemys ceylonensis pending further analysis.
Considering that the holotype was never figured, we here refrain
from synonymizing this taxon with the extant form and rather
consider it to be a nomen dubium.

Pelochelys taihuensis Zhang, 1984
nomen invalidum, designation of lectotype

(junior synonym of Rafetus swinhoei 
[Gray, 1873])

Taxonomic history. Pelochelys taihuensis Zhang, 1984 (new
species); Rafetus swinhoei � Pelochelys taihuensis � Trionyx liu-
pani Farkas 1992 (junior synonym); Rafetus swinhoei �
Pelochelys taihuensis Chkhikvadze 1999b (junior synonym).

Type material. ZPM TNO9.5 (lectotype), a fossil skull (Zhang
1984, figs. 1.2, 3.4), probably lost (Farkas and Fritz 1998); ZPM
TNO9.9 (paralectotype), a fossil left costal IV (Zhang 1984, fig.
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3.5); ZPM (paralectotypes), two extant individuals, skeletonized
and stuffed (Zhang 1984, figs. 1.1, 3.1, 2,6).

Type locality. Tongxiang County, Zhejiang Province, China
(Zhang 1984); Neolithic, Holocene (Farkas and Fritz 1998). The
extant specimens are from Zhejiang Province, China.

Comments. Pelochelys taihuensis is based on a mixture of sub-
fossil and extant material from Zhejiang Province, China (Zhang
1984). For the sake of taxonomic clarity, we herein designate the
most complete fossil specimen, a subfossil skull, as the lectotype
of this taxon. The lectotype cannot be located now (Farkas and
Fritz 1998), and the available illustrations only document a skull
that must have exceeded 20 cm in total length when it was com-
plete in dorsal view. Farkas (1992) and Farkas and Fritz (1998)
stated that this subfossil skull can be safely attributed to the
extant taxon Rafetus swinhoei, which used to occur in the same
region, and that both taxa are therefore synonymous. Although
no quality characters evidence is available, we nevertheless sup-
port this conclusion as geographic and temporal concerns com-
bined with the large size of the lectotype make this attribution
highly likely.

Plastomenus gabunii Chkhikvadze, 1984
nomen dubium

Taxonomic history. Plastomenus gabunii Chkhikvadze, 1984
(new species); Paraplastomenus gabunii Kordikova 1994a (new
combination); Amyda gabunii Chkhikvadze 1999a (new combi-
nation); Altaytrionyx gabunii Chkhikvadze 2008b (new combi-
nation).

Type material. IPGAS (holotype), a hypoplastron (Chkhikvadze
1984, pl. 11.4; Chkhikvadze 2008b, fig. 9a, b).

Type locality. Chyornyy Trioniks, Aksyir River, Zaysan Depres-
sion, East Kazakhstan Region, Kazakhstan; upper Obaylinskoy
suits, middle Eocene (Chkhikvadze 1984, 2008a, 2008b).

Comments. Plastomenus gabunii has had a complex taxonomic
history by being referred to multiple genera, incidentally by the
same person who established the species in the first place
(Chkhikvadze 1984, 1990, 2007, 2008b). In its latest combina-
tion, Plastomenus gabunii was rendered as the type species of
Altaytrionyx, a poorly defined genus diagnosed by its hypoplas-
tral morphology (Chkhikvadze 2008b). In addition to having
thick shell bones, a feature first thought to link this species with
the North American clade Plastomenidae, Plastomenus gabunii is
also characterized by the absence of a midline contact of the hyo-
hypoplastra, a small xiphiplastral fontanelle, thickened inguinal
notch, and an estimated CL of 25 to 35 cm. These characters are
extremely general among pan-trionychids and therefore not ade-
quate to diagnose a taxon, even in their combination. For a dis-
cussion on the validity of pan-trionychid taxa from the Tertiary
of Kazakhstan, see “Trionyx” ninae (above).

Kordikova (1994b) referred several specimens from the
middle Eocene of Chinzhaly, Balkhash Lake region, Kazakhstan,
to this taxon, but given that we conclude that Plastomenus
gabunii is a nomen dubium, we reidentify Kordikova’s (1994b)
material as belonging to an indeterminate pan-trionychid.

Plastomenus jaxarticus Riabinin 1938
nomen nudum

Material. None discussed or designated.

Locality. Kyrkkuduk well (� Sary-Agach � Kyrkkuduk I),
South Kazakhstan Region, Kazakhstan (Riabinin 1938;
Kordikova 1994b); Syuk-Syuk Formation or lower part of Dar-
baza Formation, Santonian or Campanian, Late Cretaceous
(Kordikova 1994b; Vitek and Danilov 2012).

Comments. For a discussion on material from the Kyrkkuduk
well locality, see Aspideretes jaxarticus (above).

Plastomenus mlynarskii Chkhikvadze, 1970
nomen dubium

Taxonomic history. Plastomenus mlynarskii Chkhikvadze, 1970
(new species); Paraplastomenus mlynarskii Kordikova 1994a
(new combination); Crassithecachelys mlynarskii Chkhikvadze
2000a (new combination); Plastomenus mlnarskii Broin 1977
(incorrect spelling of species epithet).

Type material. IPGAS Z-1-64 (holotype), a right hypoplastron
(Chkhikvadze 1970; Chkhikvadze 1973, fig. 3, pl. 3.1).

Type locality. “Trugol’nik,” Kalmakpay River, East Kazakhstan
Region, Kazakhstan; middle Eocene (Chkhikvadze 1970,
2000a).

Comments. Chkhikvadze (1970) established Plastomenus mly-
narskii based on a hypoplastron from the middle Eocene of
Kazakhstan, for which he initially only provided a plastral
restoration. Three years later, the same author provided pho-
tographs of the holotype and of a referred hyoplastron and a
xiphiplastron, apparently the ones he used to originally diag-
nose this species (Chkhikvadze 1973). Kordikova, (1994a) felt
that this species is highly unusual and therefore referred it to
a new genus, Paraplastomenus. Chkhikvadze (2000a) later
accused Kordikova (1994a) of plagiarism, invalidated Para-
plastomenus, and established a new genus, Crassithecachelys,
as a replacement. However, even if the cause of Chkhikvadze
(2000a) was just, it is clear according to the rules of the ICZN
(1999) that Paraplastomenus has priority over Crassithe-
cachelys. For a discussion on the validity of pan-trionychid taxa
from the Tertiary of Kazakhstan, see “Trionyx” ninae (above).

Kordikova (1994b) referred fragmentary material from the
early to middle Eocene of East Kazakhstan Region to this taxon.
However, none of this material was figured, and we therefore
refer it all to Pan-Trionychidae indet.

Platypeltis subcircularis Chow and Yeh, 1957
nomen dubium

Taxonomic history. Platypeltis subcircularis Chow and Yeh, 1957
(new species); Trionyx subcircularis Kuhn 1964 (new combina-
tion); Platypeltis subcircularus Chkhikvadze 1973 (incorrect
spelling of species epithet).
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Type material. IVPP V914 (holotype), anterior two-thirds of the
right part of a carapace (Chow and Yeh 1957, pl. 1.1–3).

Type locality. Lushi (� Lushih) County, Henan (� Honan)
Province, China; late Eocene (Chow and Yeh 1957).

Comments. Platypeltis subcircularis is a relatively small pan-tri-
onychid known from a single, fragmentary specimen represent-
ing the anterior right part of the carapace. Chow and Yeh (1957)
assigned this taxon to the otherwise American Apalone (their
Platypeltis), highlighting affinities especially with Platypeltis seri-
alis (� Plastomenus serialis) and Platypeltis trepida, which are
both now considered nomina dubia (Vitek and Joyce 2015).
Platypeltis subcircularis was differentiated based on the presence
of six neurals only, but this character by itself is not particularly
diagnostic. Given that this species is based on what is best inter-
preted as a juvenile specimen, we here consider this taxon to be
a nomen dubium.

Procyclanorbis sardus Portis, 1901
nomen dubium

Taxonomic history. Procyclanorbis sardus Portis, 1901 (new
species); Trionyx sardus Hummel 1929 (new combination);
Amyda sardus Comaschi Caria 1959 (new combination); Amyda
sarda Comaschi Caria 1986 (emended spelling of species 
epithet).

Type material. MDLCA 14007 (holotype), a carapace and its
mold (Portis 1901, pl. 1.1; Zoboli and Pillola 2016, fig. 2a, c, d).

Type locality. Is Mirrionis, Cagliari, Sardinia, Italy (Portis 1901);
Calcari di Cagliari Formation, late Tortonian–Messinian, late
Miocene (Kotsakis 1985).

Comments. Procyclanorbis sardus is based on a carapace from
the late Miocene of Sardinia, Italy, that was described in concert
with plastral material and a skull from the same locality (Portis
1901). The same author further referred an internal mold of a
carapace from a different Sardinian locality (Sassari) to the same
species (Portis 1901). As the name readily suggests, Portis (1901)
considered his new species to have close affinities with pan-
cyclanorbines. Hummel (1932), however, soon after defied this
identification and assigned this species to Trionyx. Other spec-
imens from Sardinia have been referred to the same species
using geographic considerations (Comaschi Caria 1959; Kot-
sakis 1985), but none of these display diagnostic characteristics
beyond Pan-Trionychinae indet.

It is unclear to us if Portis (1901) would have considered
the plastron and skull to be part of the syntype series, but even
a cursory glance reveals that these are not trionychid in nature.
Broin (1977) already noted that the skull, which was destroyed
during World War II (Kotsakis 1985), pertains to a cheloniid
turtle, instead of a pan-trionychid, a view subsequently adopted
by Kotsakis (1985) and also supported by us based on the pub-
lished figure. Previous authors seem to have ignored the plas-
tral material, but we find that this is also referable to a marine
turtle. At best, Procyclanorbis sardus is therefore a poorly diag-
nosed trionychid, and, at worst, a chimera that includes triony-
chid and cheloniid material.

Our study of photographs available to us confirms that Pro-
cyclanorbis sardus is not a cyclanorbine, because a preneural is
missing and because the nuchal, which is preserved in internal
view, clearly lacks split costiform processes (Meylan 1987).
Although the specimen is once again consistent with the mor-
phology of the Trionyx triunguis lineage (Karl 1999a), it can only
be diagnosed as Pan-Trionychinae indet. We therefore herein
consider Procyclanorbis sardus to be a nomen dubium.
Bergounioux (1935) reported the presence of Procyclanorbis (his
Amyda) sardus from the Miocene of Switzerland, but this
appears to be an error (Esu and Kotsakis 1983).

Rafetus gilmorei Chkhikvadze, 1999b
nomen invalidum

(junior synonym of “Trionyx” gregarius
[Gilmore, 1934])

Taxonomic history. Rafetus gilmorei Chkhikvadze, 1999b (new
species); Oskaria gilmorei Chkhikvadze 2008b (new combina-
tion and incorrect spelling of genus name); Amyda gregaria �
Rafetus gilmorei Vitek and Danilov 2015 (junior synonym).

Type material. AMNH 6736 and AMNH 6737 (syntypes), two
complete skeletons (Gilmore 1934, figs. 2, 4; Chkhikvadze
2008b, fig. 4a–c).

Type locality. Camp Margetts, 25 miles southwest of Iren
Dabasu, Inner Mongolia, China (Gilmore 1934); Irdin Manha
Formation, middle Eocene (Vitek and Danilov 2015).

Comments. For a discussion on the validity of Rafetus gilmorei,
see “Trionyx” gregarius above.

Rafetus karkhualexandri Chkhikvadze 2000b
nomen nudum

Material. None discussed or designated.

Locality. Bulkair, Zaysan Depression, East Kazakhstan Region,
Kazakhstan (Chkhikvadze 2007); Nizhnesvirsky subsuite, prob-
ably Eocene or Oligocene (Chkhikvadze 2007).

Comments. This name was only mentioned in passing by
Chkhikvadze (2000b, 2007) in regard to a taxon that might be
named in the future, but no specimens are either referred, listed,
or described. This is therefore herein considered to be a nomen
nudum.

Rafetus yexiangkuii Chkhikvadze, 1999b
nomen dubium

Taxonomic history. Rafetus yexaiangkui Chkhikvadze 1999a
(nomen nudum); Rafetus yexiangkuii Chkhikvadze, 1999b 
(new species); Yuen yexiangkuii Chkhikvadze 2007 (new 
combination); Oskaria yexiangkuii Chkhikvadze 2010 (new
combination).

Type material. IPGAS 7-370-1 (holotype), a left hypoplastron
(Chkhikvadze 1999b, not figured).
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Type locality. Mailibai, East Kazakhstan Region, Kazakhstan;
Buranskaya suite, Buran Formation, early Oligocene (Chkhik-
vadze 1999b, 2007; Vitek and Danilov 2015).

Comments. The type description of Rafetus yexiangkuii does not
include any figures, but a description and diagnosis are present
(Chkhikvadze 1999b), and this name therefore fulfills the mini-
mum requirements of the ICZN (1999) for the availability of
names published prior to 2000. The holotype unfortunately
remains unfigured to date making it particularly taxing to evalu-
ate the validity of this taxon. Chkhikvadze (1999b) differentiated
Rafetus yexiangkuii from all other extinct pan-trionychids by sev-
eral characters that pertain to the nuchal, even though no such
element was ever referred to this taxon (Chkhikvadze 1999b). We
therefore here consider this taxon to be a nomen dubium (also
see “Trionyx” ninae above for more extensive discussion).

Trionyx acutiformis Bergounioux, 1935
nomen dubium

Taxonomic history. Trionyx acutiformis Bergounioux, 1935
(new species).

Type material. LG-FSM (holotype), a carapace fragment
(Bergounioux 1935, fig. 28, pl. 11.2), probably lost (Broin 1977).

Type locality. Armissan, Aude, France (Bergounioux 1935);
Chattian or Aquitanian, late Oligocene or early Miocene (Hervet
2004).

Comments. Bergounioux (1935) named a total of four triony-
chid taxa, Trionyx acutiformis, T. chaubeti, T. ciryi, and T. mouri-
eri based on fragmentary material recovered from the late
Oligocene or early Miocene of Armissan, France. Broin (1977)
reported the presence of carapace fragments in the collections of
MNHN that bear the label “Trionyx armissansis Gervais,” which
apparently pertain to the pan-trionychid from Armissan
described and figured by Gervais (1867–1869), but this name
only appears in a museum label and does not meet the standards
of ICZN (1999) for availability. Broin (1977) in additional con-
sidered all Armissan species to be probable synonyms but ulti-
mately concluded that the material is not diagnostic. We here
conclude all named specimens from Armissan to be nomina
dubia, as they do not display diagnostic characters (see T. vin-
dobonensis for more extensive discussion).

Trionyx affinis Negri, 1892
nomen invalidum

(junior synonym of “T.” capellinii Negri, 1892)

Taxonomic history. Trionyx affinis Negri, 1892 (new species); T.
capellinii affinis Sacco 1894 (new combination); T. c. capellinii �
T. c. affinis � T. c. conjugens Kotsakis 1977 (junior synonym);
T. capellinii � T. c. affinis � T. c. conjugens � T. gemmellaroi �
T. intermedius Kotsakis 1985 (junior synonym).

Type material. MGP-PD 12806 (holotype), a nearly complete
carapace (Negri 1892, pl. 5.1; Bergounioux 1954, fig. 10, pl. 2;
Kotsakis 1977, fig. 3e).

Type locality. Monte Bolca (� Purga di Bolca), Veneto, Italy
(Negri 1892); Prati Valeno Horizon, Lutetian, middle Eocene
(Giusberti et al. 2014).

Comments. For a discussion on pan-trionychid material from
the middle Eocene locality of Monte Bolca, Italy, see “Trionyx”
capellinii above.

Trionyx amansii Gray, 1831
nomen dubium

Taxonomic history. Trionyx amansii Gray, 1831 (new species);
[T. amansii] Hummel 1929 (nomen dubium); Trionyx amansi
Karl 1999a (incorrect spelling of species epithet).

Type material. MNHN (holotype), a skull fragment (Gray 1831,
not figured).

Type locality. Hautesvignes, Lot-et-Garonne, France (Cuvier
1821–1824); Rupelian, early Oligocene (Broin 1977).

Comments. Trionyx amansii was erected on the basis of a cranial
fragment that was originally described by Cuvier (1821–1824),
but not named or figured. Gray (1831) provided a name and an
indication to the description of Cuvier (1821–1824) and thus
formally made this name available (ICZN 1999). Hummel
(1929, 1932) considered this taxon to be of dubious validity, and
this view was also adopted by Broin (1977). Given that the type
was never figured and that the characters discussed by Cuvier
(1821–1824) have no diagnostic value, we herein agree with
these opinions and also regard T. amansii to be a nomen
dubium.

Trionyx anthracotheriorum Portis, 1883
nomen dubium

Taxonomic history. Trionyx anthracotheriorum Portis, 1883
(new species); T. antracotheriorum Portis 1883 (incorrect
spelling of species epithet); [T. anthracotheriorum] Hummel
1929 (nomen dubium); T. anthracotherium Broin 1977 (incor-
rect spelling of species epithet); T. anthracoteriorum Chesi 2009
(incorrect spelling of species epithet).

Type material. MGPT-PU17275 (holotype), a partial cranium,
carapace, and plastron (Portis 1883, pls. 1.4, 2.3).

Type locality. Nucetto (� Nuceto), Piedmont, Italy (Portis
1883); Chattian or Aquitanian, late Oligocene or early Miocene
(Chesi 2009).

Comments. Trionyx anthracotheriorum is based on a shell and
associated partial cranium (Portis 1883), but the skull is badly
crushed and only displays little anatomical detail. Portis (1883)
originally differentiated T. anthracotheriorum from the roughly
coeval Piedmontese taxon T. pedemontana on the basis of cara-
pace size and shape and the size of costals VII and VIII, but he
noted similarities with the Croatian taxon T. austriacus (Peters
1859). Kotsakis (1985) concluded that the original diagnosis of
Portis (1883) was not adequate, but he provisionally regarded 
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T. anthracotheriorum to be a valid species, mostly on the basis of
geographic considerations. Our firsthand investigation of the
holotype of this taxon revealed distinct sculpturing consisting
of well-developed tubercles and ridges but additionally con-
firmed the bad preservation of the cranial and carapacial mate-
rial. Although we acknowledge the possibility that this species
could be a junior synonym of the slightly older “T.” capellinii,
which is also from Italy, the fragmentary nature of the available
material prompts us to consider it to be an indeterminate pan-
trionychid. Trionyx anthracotheriorum is here regarded a nomen
dubium.

Trionyx anthracotheriorum has been featured in the lit-
erature under an array of incorrect spellings. Indeed, Portis
(1883) himself introduced two spellings in the type descrip-
tion: antracotheriorum and anthracotheriorum. Although the
first spelling has page priority over the latter, a criterion not
explicitly demanded by the ICZN (1999), we here give pref-
erence to the latter, because it is grammatically correct,
appeared in the etymology section, and is also more wide-
spread in the literature (e.g., Sacco 1889; Hummel 1929,
1932).

Trionyx aquitanicus Delfortrie, 1869
nomen dubium

Taxonomic history. Trionyx aquitanicus Delfortrie, 1869 (new
species); T. girundica Lawley 1876 (incorrect spelling of species
epithet); [T. aquitanicus] Hummel 1929 (nomen dubium).

Type material. MHNB (holotype), neurals, costals, and a
detached nuchal (Delfortrie 1869, pl. 28.20–23).

Type locality. Léognan, Gironde, France (Delfortrie 1869); Bur-
digalian, early Miocene (Broin 1977).

Comments. Trionyx aquitanicus is based on the fragmentary
remains of a relatively large-sized pan-trionychid (Delfortrie
1869), to which Lydekker (1889a) subsequently referred an iso-
lated costal collected within close vicinity. Lawley (1876) explic-
itly referenced Delfortrie (1869) but, for inexplicable reasons,
applied the name T. girundica. This is, of course, one of many
strange name applications that occurred prior to the establish-
ment of internationally recognized priority rules many decades
later. Trionyx girundica could be interpreted as yet another avail-
able name, but it would be the objective junior synonym of T.
aquitanicus as it is based on the same type material. As an alter-
native, T. girundica could be interpreted as a terrible misspelling,
in which case this name can be disregarded. In any case, given
the fragmentary nature of the type material, we here consider T.
aquitanicus to be a nomen dubium (also see T. vindobonensis
above).

Trionyx aspidiformis Laube, 1900
nomen dubium

Taxonomic history. Trionyx aspidiformis Laube, 1900 (new
species); Tryonyx aspidiformis Laube 1900 (incorrect spelling of
genus name); T. triunguis � T. aspidiformis � 24 others Karl
1998 (junior synonym, see Rafetus bohemicus for complete syn-
onym); Rafetus pontanus � T. aspidiformis � T. bohemicus � T.

elongatus � T. preschenensis Chkhikvadze 1999b (junior 
synonym).

Type material. NMP 36675 (holotype), external imprint of a
carapace, missing the posterior left side (Laube 1900, pl. 2.2;
Liebus 1930, pl. 4.1, 2).

Type locality. Břestány (� Preschen), near Bilina, Ústí nad
Labem, Czechia (Liebus 1930); Most Formation, MN 3, Burdi-
galian, early Miocene (Aguilar et al. 1997).

Comments. Trionyx aspidiformis is based on a partial carapace
from the early Miocene of Břestány, Czechia, that was initially
housed at the Geological Institute of the German University,
Prague, but has since been transferred to NMP. We here con-
sider this taxon to be a nomen dubium, as it is based on a juve-
nile specimen that lacks diagnostic characters (see T.
vindobonensis above for more extensive discussion).

Trionyx australiensis De Vis, 1894
nomen dubium

Taxonomic history. Trionyx australiensis De Vis, 1894 (new
species); T. australiensis Gaffney and Bartholomai 1979 (lecto-
type designation); Pelochelys australiensis Rhodin et al. 2015
(new combination).

Type material. QM F1101A (lectotype), a left costal VIII (De Vis
1894, fig. f; Gaffney and Bartholomai 1979, pl. 1.1–2); QM
F1101B–G (paralectotypes), carapace elements, consisting of a
neural and costal fragments (De Vis 1894, pl. 1a–e, g; Hill et al.
1970, pl. 7.8; Gaffney and Bartholomai 1979, pl. 1).

Type locality. Tara Creek, Mackay Region, Queensland, Aus-
tralia (De Vis 1894); late Pliocene or Pleistocene (Gaffney and
Bartholomai 1979).

Comments. Trionyx australiensis is based on rather fragmentary
carapace material. The exact locality of T. australiensis is a matter
of debate. It was originally suggested to originate from Darling
Downs (De Vis 1894), but on the basis of preservation, it was later
shown to have come from Tara Creek (Gaffney and Bartholomai
1979). Gaffney and Bartholomai (1979) designated a lectotype
from the syntype series, compared the taxon to Pelochelys from
New Guinea, the only Pleistocene or Holocene trionychid genus
recorded from the region, but found that it differed significantly.
We here agree with Gaffney and Bartholomai (1979) that the avail-
able material is insufficient to diagnose a valid taxon.

Trionyx austriacus Peters, 1859
nomen dubium

Taxonomic history. Trionyx austriacus Peters, 1859 (new
species); Rafetoides austriacus � T. messelianus � T. messelianus
kochi � T. messelianus lepsiusi Karl 1998 (new combination,
senior synonym); Rafetoides austriacus � T. borkenensis Karl
and Müller 2008 (senior synonym).

Type material. GBAW (holotype), an incomplete carapace
(Peters 1859, pl. 3.1), now lost (E. Cadena, pers. comm., 2016).
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Type locality. Promina Mountain (� Siverich), Šibenik-Knin
County, Croatia (Peters 1859; Hummel 1929); Priabonian, late
Eocene (Karl 1998).

Comments. Trionyx austriacus was established on the basis of a
large partial carapace from the late Eocene of Croatia (Peters
1859). In addition to the holotype, Peters (1859) referred a sec-
ond specimen from the late Eocene of Kis-Gyo�r (� Hisgyo�r),
Hungary, to this species, but this find was never figured apart
from a cross section in the original description depicting the
thickness of the carapace (Peters 1859, pl. 3.2). The whereabouts
of the type and referred material are currently unknown, and it
is therefore impossible to evaluate potential affinities. The date
of publication is often provided as 1858 (Szalai 1934; Kuhn 1964;
Karl 1998, 1999a), but, in fact, it is 1859. Karl (1998) suggested
that T. austriacus is the senior synonym of the German “T.” mes-
selianus, but Karl and Müller (2008) more recently proposed that
it is also the senior synonym of T. borkenensis. In both cases, no
sufficient justification was provided to allow reproducing these
claims. Given that the holotype is fragmentary and now lost, we
find it best to consider T. austriacus a nomen dubium.

Trionyx bambolii Ristori, 1891b
nomen dubium

Taxonomic history. Trionyx bambolii Ristori, 1891b (new
species); T. bambolis Reinach 1900 (incorrect spelling of species
epithet); T. bamboli Teppner 1913 (incorrect spelling of species
epithet).

Type material. MUSNAF (syntype), a partial carapace and asso-
ciated thoracic vertebrae (Ristori 1895, pl. 1.1, 2; Guasparri 1992,
fig. 30.2); MUSNAF (syntype), a carapace fragment, one cervi-
cal vertebra, and a partial epiplastron (Ristori 1895, pl. 1.3);
MSNP (syntype), a carapace fragment, consisting of right costals
and neurals I and II (Ristori 1895, pl. 1.4); IGF 999V (syntype),
fragment of a hyoplastron and coracoid (Ristori 1895, pl. 2.9);
MUSNAF (syntype), a carapace fragment of a juvenile individ-
ual (Ristori 1895, not figured).

Type locality. Montebamboli, Tuscany, Italy (Ristori 1891b); MN
12, Tortonian, late Miocene (Chesi 2009).

Comments. The late Miocene localities of Montebamboli,
Casteani, Ribolla, and Casino in Tuscany, Italy, have produced a
wealth of pan-trionychid fossils (Kotsakis 1985). Ristori (1891a,
1891b) recognized four new species from these localities that he
named Trionyx bambolii, T. portisi, T. senensis, and T. propin-
quus. Although the associated descriptions are extremely brief,
they fulfill the minimum requirements of the ICZN (1999) for
the creation of an available name. Later authors (e.g., Hummel
1932; Kuhn 1964; Kotsakis 1985) were therefore in error by
attributing authorship to Ristori (1895), where the relevant
material was described in much greater detail and figured.

Ristori (1891a, 1891b, 1895) already noted that all speci-
mens greatly overlapped in the morphology of their shells, but
he nevertheless justified the creation of four species based on
differences in the shape of the neurals and carapace sculptur-
ing. Using modern standards, such minute differences in neu-
ral patterning or sculpturing cannot warrant specific distinction,

as these characteristics are known to be highly variable (Meylan
1987; Vitek and Joyce 2015). Kotsakis (1985) tentatively consid-
ered these taxa to be conspecific but concluded that a second
taxon may be present. We find that all material is once again
consistent with an attribution to the Trionyx triunguis lineage
(Karl 1999a), but modern standards only allow attribution of
these fossils to Pan-Trionychinae indet. based on the presence
of relatively short costals VIII. We therefore here interpret all
four taxa as nomina dubia.

Trionyx barbarae Owen in Owen and Bell, 1849
nomen invalidum

(junior synonym of “Trionyx” henrici Owen in
Owen and Bell, 1849)

Taxonomic history. Trionyx barbarae Owen in Owen and Bell,
1849 (new species); Rafetoides henrici � T. barbarae � 7 others
Karl 1998 (junior synonym, see “T.” henrici for complete 
synonym).

Type material. BMNH R30409 (holotype), a carapace (Owen
and Bell 1849, pl. 16a; Owen 1849–1884, pl. 5).

Type locality. Hordle (� Hordwell) Cliff, Hampshire, United
Kingdom (Owen and Bell 1849); Totland Bay Member, Headon
Hill Formation, Priabonian, late Eocene (Benton and Spencer
1995).

Comments. For a discussion regarding pan-trionychid material
from the late Eocene of England, see “Trionyx” henrici above.

Trionyx blayaci Bergounioux, 1933
nomen dubium

Taxonomic history. Trionyx blayaci Bergounioux, 1933 (new
species); T. pliopedemontanus � T. blayaci � T. pliocenicus �
T. pompignanensis � T. rotundiformis Broin 1977 (junior 
synonym).

Type material. LG-FSM (holotype), anterior portion of a cara-
pace (Bergounioux 1933, fig. 1, pl. 1.1).

Type locality. La Pompignane, Montpellier, Hérault, France
(Bergounioux 1933); Pliocene (Broin 1977).

Comments. Bergounioux (1933) established three species of tri-
onychids, Trionyx blayaci, T. pompignanensis, and T. rotundi-
formis, on the basis of carapacial fragments from the Pliocene of
Montpellier, France, that he differentiated from the coeval T.
pliopedemontana by nuanced variations in nuchal morphology
and carapace sculpturing. More recently, Broin (1977) consid-
ered all three forms to be junior synonyms of T. pliopedemon-
tana. Strictly speaking, the type of T. pompignanensis can only be
identified as Pan-Trionychidae indet. as it only consists of a par-
tial costal, whereas the more complete types of T. blayaci and T.
rotundiformis, which only represent the anterior portions of the
carapace, can only be identified as Pan-Trionychinae based on
the absence of a preneural. We therefore conclude that
Bergounioux’s (1933) three species are nomina dubia.
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Trionyx bohemicus jaegeri Fuchs, 1939
nomen dubium

Taxonomic history. Trionyx bohemicus jaegeri Fuchs, 1939 (new
subspecies).

Type material. BSPG NMR 326 (holotype), a carapace (Fuchs
1939, fig. 11, pls. 2.3, 4; Ml⁄ynarski 1976, fig. 74.5).

Type locality. Viehhausen, Sinzing, Bavaria, Germany (Fuchs
1939); MN 5, Langhian, middle Miocene (Aguilar et al. 1997).

Comments. Fuchs (1939) attributed several specimens from the
locality of Viehhausen to the Czech taxon Rafetus (her Trionyx)
bohemicus, but she diagnosed one carapace as a new subspecies,
T. bohemicus jaegeri, on the basis of the presence and shape of an
eighth neural. As we do not find carapaces by themselves to be
diagnostic, even if they have an unusual neural count, we here
consider this taxon to be a nomen dubium (see Rafetus bohemi-
cus and T. vindobonensis above for a more extensive discussion).

Trionyx borkenensis Gramann, 1956
nomen dubium

Taxonomic history. Trionyx borkenensis Gramann, 1956 (new
species); T. borkensis Kuhn 1964 (incorrect spelling of species
epithet); Amyda boulengeri � T. borkenensis Karl 1993 (junior
synonym); Rafetoides austriacus � T. borkenensis Karl and
Müller 2008 (junior synonym).

Type material. UVF 6100 (holotype), a partial carapace (Gra-
mann 1956, pl. 3.1,2).

Type locality. Gombeth, Borken, Hesse, Germany; lower
“Melanian Clay” (� Melanienton), Rupelian, early Oligocene
(Gramann 1956).

Comments. Trionyx borkenensis is based on a partial carapace
that was originally diagnosed as a new species on the basis of an
anterior convexity (Gramann 1956), a character that is now
believed to be highly variable with pan-trionychids (Gardner
and Russell 1994). A partial carapace from the same locality was
more recently attributed to T. cf. borkenensis (Schleich 1986),
likely based on biogeographic considerations. Karl (1993) syn-
onymized T. borkenensis with “T.” boulengeri, also from the
Oligocene, whereas Karl and Müller (2008) synonymized it with
the late Eocene T. austriacus and assigned to the same taxon fur-
ther fragmentary material from the locality. As the type mate-
rial does not display any diagnostic characters, we here consider
T. borkenensis to be a nomen dubium.

Trionyx bowerbanki Lydekker, 1889a
nomen dubium

Taxonomic history. Trionyx bowerbanki Lydekker, 1889a (new
species); [T. bowerbanki] Hummel 1929 (nomen dubium); T.
boweroanki Bergounioux 1954 (incorrect spelling of species epithet).

Type material. BMNH R38960 (holotype), an incomplete
nuchal (Lydekker 1889a, fig. 4).

Type locality. Bracklesham, West Sussex, United Kingdom
(Lydekker 1889a); Bracklesham Beds, late Ypresian, early Eocene
(Moody and Walker 1970).

Comments. Lydekker (1889a) established Trionyx bowerbanki
on the basis of an isolated nuchal to which he referred a right
hypoplastron from the type locality. The only other pan-triony-
chid that has been recovered from Bracklesham, West Sussex,
is Axestemys vittata (Moody and Walker 1970; Walker and
Moody 1985), which is known to have a significantly different
postcranial anatomy (see Axestemys vittata and Eurycephalo-
chelys fowleri above). Some superficial similarities are apparent
with slightly younger material from Germany (see “T.” mes-
selianus above), but the fragmentary nature of the available
material precludes any confident assessment. We therefore agree
with Hummel (1929) that T. bowerbanki should be considered
a nomen dubium.

Trionyx brunhuberi Ammon, 1911
nomen invalidum

(junior synonym of T. vindobonensis 
Peters, 1855)

Taxonomic history. Trionyx brunhuberi Ammon, 1911 (new
species); T. triunguis � T. brunhuberi � 24 others Karl 1998
(junior synonym, see Rafetus bohemicus for complete synonym).

Type material. BSPG 1911 I 23 (holotype), a complete carapace
and right hyo-, hypo-, and xiphiplastron (Ammon 1911, pls. 2,
3.6–7, 4).

Type locality. Dechbetten, Regensburg, Bavaria, Germany
(Ammon 1911); Langhian, middle Miocene (Mottl 1967).

Comments. Trionyx brunhuberi is known from relatively well-
preserved shell material from the middle Miocene of Regens-
burg (Ammon 1911). The species was originally differentiated
from coeval European forms by the shape of its carapace, shape
and size of the neurals and costals, and details to the sculpturing
of the hyo-hypoplastra, but these characteristics are now known
to be highly variable (Meylan 1987; Gardner and Russell 1994).
We note that the plastral material indicates the presence of four
callosities, and we therefore synonymize this taxon with T. vin-
dobonensis. We attribute apparent differences to the extent of
the callosities to ontogenetic variation, with the material from
Regensburg representing a more adult morphotype (see T. vin-
dobonensis for more extensive discussion).

Trionyx bruxelliensis Winkler, 1869a
nomen dubium

Taxonomic history. Trionyx bruxelliensis Winkler, 1869a (new
species); T. bruxellensis Vincent 1875 (incorrect spelling of
species epithet); [T. bruxelliensis] Hummel 1929 (nomen
dubium).

Type material. IRSNB 1659 (holotype), a partial carapace, along
with fragments of limb elements and vertebrae (Winkler 1869a,
pls. 29.73, 30.74–91; Broin 1977, pl. 9.1).
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Type locality. Brussels Capital Region, Belgium (Winkler
1869a); early Lutetian, middle Eocene (Broin 1977).

Comments. Trionyx bruxelliensis was established on the basis of
a partial carapace and several isolated postcranial remains (Win-
kler 1869a). Winkler (1869a) briefly mentioned that he initially
intended to name this taxon T. duponti, but he ended up choos-
ing the name T. bruxelliensis. The surface of the holotype shows
much damage, as the surface sculpturing is only preserved in
some portions of the shell, although superficial similarities are
apparent with the coeval “T.” messelianus from Germany. We
here therefore consider the holotype to represent an indetermi-
nate pan-trionychid and T. bruxelliensis to be a nomen dubium,
as already proposed by Hummel (1929).

Trionyx michauxi from the early Eocene of Marne, France,
was initially identified as T. bruxelliensis as well (Michaux 1973)
but later considered a separate, valid taxon (Broin 1977). Taking
the fragmentary nature of the holotype of T. bruxelliensis into
consideration, no further comparison with the French taxon can
be made.

Trionyx burdigalensis Bergounioux, 1935
nomen dubium

Taxonomic history. Trionyx burdigalensis Bergounioux, 1935
(new species); Amyda burdigalensis Comaschi Caria 1959 (new
combination).

Type material. MHNB (holotype), anterior part of a carapace
(Bergounioux 1935, fig. 26, pl. 10.2).

Type locality. Saint-Vivien-de-Monségur, Gironde, France
(Bergounioux 1935); Rupelian, early Oligocene (Broin 1977).

Comments. Bergounioux (1935) established Trionyx burdi-
galensis on the basis of the anterior portion of a rather large
carapace. He originally diagnosed this taxon by the presence
of a highly reduced nuchal, a widely distributed feature among
pan-trionychids, and the W-shaped posterior part of neural I
(Bergounioux 1935). The W-like shape in the posterior part
of neural I is apparent in the drawing published by
Bergounioux (1935), but not clear in the associated photo-
graph, and it seems likely that this feature is attributable to
breakage. Along those lines, Broin (1977) already considered
the available material to represent an indeterminate pan-tri-
onychid. We agree with this assessment and here consider T.
burdigalensis to be a nomen dubium.

Comaschi Caria (1959) referred fragments of a pan-triony-
chid from the Miocene of Cagliari, Sardinia, to Trionyx burdi-
galensis. Kotsakis (1985) suggested that this material is too
fragmentary to allow identification at the species level but also
noted that it seemed probable that it originated from Procy-
clanorbis sardus. However, Zoboli and Pilolla (2016) more
recently showed that this material pertains to a cheloniid. We
agree with this conclusion.

Trionyx capellinii bulgaricus 
Khosatzky et al., 1983

nomen dubium

Taxonomic history. Trionyx capellinii bulgaricus Khosatzky 
et al., 1983 (new subspecies).

Type material. IZ-BAS 1/1959 (holotype), an incomplete cara-
pace (Khosatzky et al. 1983, figs. 1–3).

Type locality. Nikolaevo, Stara Zagora, Bulgaria (Khosatzky et al.
1983); Priabonian, late Eocene (Stojanov 2009).

Comments. Trionyx capellinii bulgaricus was described as a
new Bulgarian subspecies of the Italian “T.” capellinii
(Khosatzky et al. 1983). Most of the specimen is missing,
however, and much of the anatomy of the carapace can only
be gleaned by observing the remaining imprint. Given that
the internal morphology of turtle shells does not faithfully
reflect the external arrangement of the bones, we consider
this taxon to be a nomen dubium, although we do agree that
the internal imprint indeed shows similarities with “T.”
capellinii.

Trionyx capellinii conjugens Sacco, 1894
nomen invalidum

(junior synonym of “T.” capellinii Negri, 1892)

Taxonomic history. Trionyx capellinii conjugens Sacco, 1894
(new subspecies); T. c. conjungens Reinach 1900 (incorrect
spelling of subspecies name); T. c. capellinii � T. c. conjugens
Bergounioux 1954 (junior synonym); T. conjugens Kuhn 1964
(elevation to species); T. c. capellinii � T. c. affinis � T. c. conju-
gens Kotsakis 1977 (junior synonym); T. c. capellinii � T. c. affi-
nis � T. c. conjugens � T. gemmellaroi � T. intermedius
Kotsakis 1985 (junior synonym).

Type material. MGPT-PU 17281 (syntype), a complete carapace
embedded in a slab (Sacco 1894, fig. 1; Bergounioux 1954, fig.
8; Kotsakis 1977, fig. 3d); MGPT-PU 17282 (syntype), a partial
carapace (Sacco 1894, fig. 2); MGPT-PU 17283 (syntype), cara-
pace fragments (Sacco 1894, figs. 3–5).

Type locality. Monte Bolca (� Purga di Bolca), Veneto, Italy
(Sacco 1894); Prati Valeno Horizon, probably Lutetian, middle
Eocene (Giusberti et al. 2014).

Comments. For a discussion on pan-trionychid material from
the middle Eocene locality of Monte Bolca, Italy, see “T.”
capellinii above.

Trionyx capellinii gracilina Sacco, 1895
nomen invalidum

(junior synonym of “T.” capellinii Negri, 1892)

Taxonomic history. Trionyx capellinii gracilina Sacco, 1895 (new
subspecies); T. c. gracillima Reinach 1900 (incorrect spelling of
subspecies epithet); T. capellini gracilina Bergounioux 1933
(incorrect spelling of species epithet); T. c. montevialensis � T.
c. gracilina � T. c. perexpansa � T. c. schaurothianus � T. insoli-
tus � [T. italicus] Kotsakis 1977 (junior synonym); T. italicus �
T. c. montevialensis � T. c. schaurothianus � T. c. gracilina � T.
c. perexpansa � T. insolitus Kotsakis 1985 (junior synonym).
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Type material. MGPT-PU 17285 (holotype), an almost com-
plete carapace (Sacco 1895, fig. 2; Bergounioux 1954, fig. 25;
Kotsakis 1977, fig. 3j).

Type locality. Monteviale, Veneto, Italy (Sacco 1895); MP 21,
early Rupelian, early Oligocene (Pandolfi et al. 2017).

Comments. For a discussion on pan-trionychid material from the
early Oligocene locality of Monteviale, Italy, see “T.” capelliniiabove.

Trionyx capellinii montevialensis Negri, 1892
nomen invalidum

(junior synonym of “T.” capellinii Negri, 1892)

Taxonomic history. Trionyx capellinii montevialensis Negri, 1892
(new subspecies); T. capellini montevialensis Teppner 1913
(incorrect spelling of species epithet); T. c. monsvialensis Fabiani
1915 (incorrect spelling of subspecies epithet); T. c. monsvialen-
sis Bergounioux 1954 (incorrect spelling of subspecies epithet);
T. c. monsilvalensis Ml⁄ynarski 1976 (incorrect spelling of sub-
species epithet); T. c. montevidensis Kotsakis 1977 (incorrect
spelling of subspecies epithet); T. c. montevialensis � T. c. gra-
cilina � T. c. perexpansa � T. c. schaurothianus � T. insolitus �
[T. italicus] Kotsakis 1977 (senior synonym); T. italicus � T. c.
montevialensis � T. c. schaurothianus � T. c. gracilina � T. c.
perexpansa � T. insolitus Kotsakis 1985 (junior synonym).

Type material. MGP-PD 9273 (syntype), a rather complete cara-
pace with associated limb elements and plastral fragments
(Negri 1892, pl. 4; Bergounioux 1954, fig. 19, pl. 7; Kotsakis 1977,
fig. 3g–h; Kotsakis et al. 2005, fig. 11; Pandolfi et al. 2017, fig.
7a); MGP-PD 27636 (syntype), a complete carapace in visceral
view, along with plastral elements (Bergounioux 1954, pl. 11);
MGP-PD 27637 (syntype), a partial carapace, two complete limb
elements, and fragments of the plastron (Bergounioux 1954, figs.
20, 21, pls. 8, 9).

Type locality. Monteviale, Veneto, Italy (Negri 1892); MP 21,
early Rupelian, early Oligocene (Pandolfi et al. 2017).

Comments. The type series of Trionyx capellinii montevialensis
includes some of the most complete fossil pan-trionychids
known to date. For a discussion on pan-trionychid material
from the early Oligocene locality of Monteviale, Italy, see “T.”
capellinii above.

Trionyx capellinii perexpansa Sacco, 1895
nomen invalidum

(junior synonym of “T.” capellinii Negri, 1892)

Taxonomic history. Trionyx capellinii perexpansa Sacco, 1895
(new subspecies); T. c. montevialensis � T. c. gracilina � T. c.
perexpansa � T. c. schaurothianus � T. insolitus � [T. italicus]
Kotsakis 1977 (junior synonym); T. italicus � T. c. montevialen-
sis � T. c. schaurothianus � T. c. gracilina � T. c. perexpansa �
T. insolitus Kotsakis 1985 (junior synonym).

Type material. A complete carapace with fragmentary
imprints of the skull (holotype) (Sacco 1895, fig. 1;

Bergounioux 1954, fig. 26; Kotsakis 1977, fig. 3k), now lost
(Bergounioux 1954).

Type locality. Monteviale, Veneto, Italy (Sacco 1895); MP21,
early Rupelian, early Oligocene (Pandolfi et al. 2017).

Comments. Trionyx capellinii perexpansa is one of many pan-tri-
onychid taxa named from Monteviale, Italy (Kotsakis 1977,
1985). Its type and only known specimen is among the largest
pan-trionychids (CL of 31 cm) from that locality, and it was dif-
ferentiated from other purportedly sympatric taxa by larger size,
size and shape of neurals, and, most notably, the distal expansion
of costals I and II, features that are now attributed to individual
variation (Gardner and Russell 1994). For a discussion on pan-
trionychid material from this locality, see “T.” capellinii above.

Trionyx chaubeti Bergounioux, 1935
nomen dubium

Taxonomic history. Trionyx chaubeti Bergounioux, 1935 (new
species); T. chauberti Kuhn 1964 (incorrect spelling of species
epithet).

Type material. LG-FSM (holotype), left part of a carapace (Ger-
vais 1867–1869, pl. 40.2; Bergounioux 1935, fig. 30, pl. 12.1).

Type locality. Armissan, Aude, France (Bergounioux 1935);
Chattian or Aquitanian, late Oligocene or early Miocene (Hervet
2004).

Comments. Bergounioux (1935) diagnosed his new species Tri-
onyx chaubeti on the basis of its small size (CL of 18 cm),
reduced size of nuchal, shape of neurals, and shape of the ante-
rior portion of the carapace. For a discussion on Bergounioux’s
(1935) material from Armissan, France, see T. acutiformis and T.
vindobonensis above.

Trionyx circumsulcatus Owen in 
Owen and Bell, 1849

nomen invalidum
(junior synonym of “T.” henrici Owen in 

Owen and Bell, 1849)

Taxonomic history. Trionyx circumsulcatus Owen in Owen and
Bell, 1849 (new species); Aulacochelys circumsulcata Lydekker
1889a (new combination); [T. circumsulcatus] Hummel 1929
(nomen dubium); Rafetoides henrici � T. circumsulcatus � 7
others Karl 1998 (junior synonym, see “T.” henrici for complete
synonym).

Type material. BMNH R30404 (holotype), a costal III (Owen
and Bell 1849, pl. 19b.1–3; Owen 1849–1884, pl. 31.1–3).

Type locality. Hordle (� Hordwell) Cliff, Hampshire, United King-
dom (Owen and Bell 1849); Totland Bay Member, Headon Hill
Formation, Priabonian, late Eocene (Benton and Spencer 1995).

Comments. Trionyx circumsulcatus is based on a single costal
that was diagnosed based on the presence of a deep groove along
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its distal margin (Owen and Bell 1849:59). Lydekker (1889a)
later tentatively assigned a right hypoplastral fragment from the
same locality to this species and placed it in a new, monotypic
genus, Aulacochelys, as he felt its morphology to be so distinct.
A deep groove traversing the thickened distal margin of the
costals is now known to be highly variable among pan-triony-
chids (Gardner and Russell 1994), but is nevertheless diagnos-
tic for North American plastomenids (Vitek and Joyce 2015).
Given the apparent lack of plastomenids in the European fossil
record, we here attribute T. circumsulcatus to the coeval “T.”
henrici and attribute apparent differences to ontogenetic varia-
tion. For more detail regarding pan-trionychid material from
the late Eocene of England, see “T.” henrici above.

Trionyx ciryi Bergounioux, 1935
nomen dubium

Taxonomic history. Trionyx ciryi Bergounioux, 1935 (new
species).

Type material. LGB-UD (syntype), a carapace fragment
(Bergounioux 1935, not figured), now lost (Broin 1977); LBG-UD
(syntype), a partial carapace (Bergounioux 1935, fig. 27, pl. 11.1).

Type locality. Armissan, Aude, France (Bergounioux 1935);
Chattian or Aquitanian, late Oligocene or early Miocene (Hervet
2004).

Comments. Bergounioux originally diagnosed his new species
Trionyx ciryi on the basis of the shape and size of neurals, char-
acters that are now known to be variable with trionychids (Mey-
lan 1987). For a discussion on Bergounioux’s (1935) material
from Armissan, France, see T. acutiformis and T. vindobonensis
above.

Trionyx clavatomarginatus Lörenthey, 1903
nomen invalidum, designation of lectotype

(junior synonym of “T.” boulengeri 
Reinach, 1900)

Taxonomic history. Trionyx clavatomarginatus Lörenthey, 1903
(new species).

Type material. MTB 15982H (not MTB 15983, as stated in
Farkas [1995]) (lectotype), a complete carapace (Lörenthey
1903, pl. 6.1–3); MTB 15983 (paralectotype), posterior carapace
fragment (Farkas 1995, fig. 4); MTB 15984 (paralectotype), a
partial carapace of a juvenile individual (Lörenthey 1903, pl. 5.1).

Type locality. Cluj-Mănăştur (� Kolozsmonostor), near Cluj-
Napoja (� Kolozsvár), Cluj County, Romania (Lörenthey 1903;
Ml⁄ynarski 1966; Farkas 1995); Priabonian, late Eocene (Vremir
2004). The paralectotypes originate from late Eocene to 
early Oligocene quarries in the broader vicinity of Cluj-Napoja,
Romania (Ml⁄ ynarski 1966; Farkas 1995; Vremir et al. 
1997).

Comments. The original type material of Trionyx clavatomar-
ginatus includes the remains of several individuals found in three

different sites within the broader vicinity of Cluj-Napoja, Roma-
nia. Given that these cites are not synchronous, it is not surpris-
ing that the age of this taxon has variously been reported as being
late Eocene (Lörenthey 1903; Vremir et al. 1997) or early
Oligocene (Ml⁄ynarski 1966). As it is highly undesirable to have
a taxon being based on nonsynchronous material, we here ren-
der the best-preserved specimen as the lectotype of this species,
which, to the best of our knowledge, was collected in late Eocene
sediments (Vremir et al. 1997).

We consider the paralectotypes to be identifiable only to
the level of Pan-Trionychidae indet., as they are too fragmentary
to allow identification at the species level. However, we agree
with Farkas (1995) that the lectotype of Trionyx clavatomargina-
tus greatly resembles “T.” boulengeri in having greatly reduced
costals VIII, and we further note the sinuous lateral margins of
the carapace. We therefore formally synonymize these two taxa
herein, thereby temporally and geographically extending the
range of “T.” boulengeri (also see above).

Trionyx cliftii Fitzinger 1836
nomen nudum

Type material. None discussed or designated.

Locality. None specified.

Comments. Fitzinger (1836) did not describe or figure this
species, but rather just mentioned a name in his classic work.
Fitzinger (1836) furthermore did not mention a locality where
this taxon was collected or the probable age or the available
material. It is therefore apparent that Trionyx cliftii does not ful-
fill the minimum requirements of the ICZN (1999) for names
published prior to 1931, and it must therefore be considered a
nomen nudum.

Trionyx croaticus Koch, 1915
nomen dubium

Taxonomic history. Trionyx croaticus Koch, 1915 (new species);
T. stadleri croaticus Paunović 1986 (referral to subspecies level);
T. triunguis � T. croaticus � 24 others Karl 1998 (junior syn-
onym, see Rafetus bohemicus for complete synonym).

Type material. CNHM 25.1-1-(1.485) and CNHM 25.1-2-
(1486) (holotype), an almost complete carapace and its mold,
with traces of the nuchal, costals, and neurals (Koch 1915, pls.
1.1, 1.2, 1.3; Paunović  1986, fig. 1).

Type locality. Voča, Varaždin County, Croatia (Koch 1915;
Paunović 1986); Langhian, middle Miocene (Paunović 1986;
Vremir et al. 1997).

Comments. This species is known from a single, at least 37 cm
long, well-preserved carapace (Koch 1915) from the Miocene
of Croatia. At the time of its discovery, most pan-trionychids
from the neighboring regions in Austria and Slovenia had been
treated as distinct taxa (Peters 1855; Hoernes 1881; Heritsch
1909; Teppner 1913, 1914c). Accordingly, Koch (1915) estab-
lished the new species Trionyx croaticus and differentiated it
from other coeval pan-trionychids on the basis of carapace size,
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shape and size of costals, and sculpturing pattern. Paunović
(1986) regarded this taxon simply as a variety of the geograph-
ically proximal but older taxon T. stadleri from the late
Oligocene of Slovenia. Much like most of the coeval pan-triony-
chids from north of the Alps, we here conclude that the available
material is too fragmentary to allow rigorously attributing it to
any of the lineages apparent in Europe at that time (see T. vin-
dobonensis for more extensive discussion above). We therefore
regard this taxon as a nomen dubium.

Trionyx danovi Chkhikvadze, 1989
nomen dubium

Taxonomic history. Trionyx danovi Chkhikvadze, 1989 (new
species); Rafetus danovi Chkhikvadze 2010 (new combination).

Type material. IPGAS 3-10-1 (holotype), a nuchal (Chkhikvadze
1989, fig. 6); IPGAS (paratypes), three costal fragments
(Chkhikvadze 1989, not figured).

Type locality. Belomechetskaya (� Bjelometscheska), Stavropol
Territory, Russia; Langhian, middle Miocene (Chkhikvadze
1989, 2010).

Comments. This species is based on a nuchal and three
costals. Chkhikvadze (1989) differentiated his taxon by cara-
pace size, nuchal morphology, and costals shape. He origi-
nally noted affinities of his new taxon with Trionyx stiriacus
(Chkhikvadze 1989) but later reallocated it to Rafetus
(Chkhikvadze 2010). The sole figure of the holotype nuchal is
of poor quality (Chkhikvadze 1989), and the paratypes were
never figured. We therefore identify this material as an inde-
terminate pan-trionychid and declare T. danovi to be a nomen
dubium. This species has sometimes been reported as having
been named in 1988 (Chkhikvadze 2007, 2010), but in fact
was named in 1989.

Trionyx desmostyli Matsumoto, 1918
nomen dubium

Taxonomic history. Trionyx desmostyli Matsumoto, 1918 (new
species).

Type material. TU (holotype), a partial carapace (Matsumoto
1918, pl. 21).

Type locality. Teshio, Hokkaido, Japan (Matsumoto 1918);
Kawabata series, early Miocene (Otsuka 1970).

Comments. Trionyx desmostyli is based on a partial carapace
from the Miocene of Hokkaido, Japan. Matsumoto (1918) noted
in the type description that this taxon shares many similarities
with the extant Pelodiscus sinensis and even hinted at the possi-
bility that the former could be the ancestor of the latter, but these
statements were likely made without access to much compara-
tive material from the recent and past. Judging from the pres-
ence of at least one reversal in the neural series, the type
specimen can be diagnosed as a pan-trionychine, but this spec-
imen otherwise lacks diagnostic traits. We therefore regard T.
desmostyli to be a nomen dubium.

Otsuka (1970) more recently referred the posterior mar-
gin of a carapace from the middle Miocene of Sasebo, Nagasaki,
Japan, to Trionyx sp. aff. desmostyli, based on the presence of a
pair of rather prolonged costals VIII and a straight posterior
carapacial border, but these features occur broadly across Pan-
Trionychidae. We therefore believe this fragment to be an inde-
terminate pan-trionychid.

Trionyx dieupentalensis Bergounioux, 1935
nomen dubium

Taxonomic history. Trionyx dieupentalensis Bergounioux, 1935
(new species); T. deupentalensis Karl 1999a (incorrect spelling
of species epithet).

Type material. MHNT PAL2010.0.137 (holotype), an incom-
plete carapace, preserving mostly its anterior and right side
(Bergounioux 1935, fig. 25, pl. 10.1).

Type locality. Dieupentale, Tarn-et-Garonne, France (Bergounioux
1935); Chattian, late Oligocene (Broin 1977).

Comments. Trionyx dieupentalensis is based on a single, incom-
plete carapace, but only the anterior portions are well preserved,
and most of the neurals are damaged (Bergounioux 1935).
Bergounioux (1935) diagnosed his new taxon on the basis of
nuances in the shape of the nuchal and neurals. Given the highly
fragmentary nature of the type specimen and its poor preserva-
tion, however, we judge this specimen to be an indeterminate
pan-trionychine. Trionyx dieupentalensis is therefore herein con-
sidered to be a nomen dubium.

Trionyx dodunii Gray 1831
nomen nudum

Material. MNHN 8330, a costal fragment (not figured); MNHN
8373, an indeterminate fragment (not figured) (Broin 1977).

Locality. Castelnaudary, Aude, France (Gray 1831); late Lutetian,
middle Eocene (Broin 1977).

Comments. Cuvier (1821–1824) briefly mentioned the presence
of a pan-trionychid at Castelnaudary, France, but he did not
describe or figure this material but rather simply mentioned that
it could be identified as pan-trionychid costal fragments on the
basis of its sculpturing. Gray (1831) suggested the name Trionyx
dodunii for the material described by Cuvier (1821–1824). How-
ever, given that Gray (1831) provided neither a description nor
a definition nor an indication (i.e., a reference to a description or
definition), Trionyx dodunii must be considered to be a nomen
nudum (ICZN 1999). According to Broin (1977), the material
from Castelnaudary includes not only an indeterminate pan-
trionychid but possibly also fragments of a pan-carettochelyid.
Auffenberg (1974) listed the species Testudo doduni (sic) Gray,
1831 as a representative of Testudinidae, but this seems to be an
error.

Trionyx elongatus Liebus, 1930
nomen dubium
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Taxonomic history. Trionyx elongatus Liebus, 1930 (new
species); T. triunguis � T. elongatus � 24 others Karl 1998 (jun-
ior synonym, see Rafetus bohemicus for complete synonym);
Rafetus pontanus � T. aspidiformis � T. bohemicus � T. elon-
gatus � T. preschenensis Chkhikvadze 1999b (junior synonym).

Type material. NMP 1488 (syntype), a carapace (Liebus 1930, pl.
3.6; Nečas et al. 1997, fig. p.17); MMUL 129/G12911 (syntype),
a nuchal (Liebus 1930, pl. 3.7).

Type locality. Břestány (� Preschen), near Bilina, Ústí nad
Labem, Czechia (Liebus 1930); Most Formation, MN 3, Burdi-
galian, early Miocene (Aguilar et al. 1997).

Comments. Trionyx elongatus is known from a rather small and
elongated carapace of a juvenile individual and an isolated
nuchal (Liebus 1930) that was initially characterized by a
reduced number of neurals (Liebus 1930), thus prompting
Hummel (1932) to tentatively include it in the North American
Apalone (his Platypeltis). It is now known that the number of
neurals is a variable character within pan-trionychids (Meylan
1987). Given that T. elongatus is based on a juvenile specimen
(CL of 11 cm), we herein consider it to be a nomen dubium (see
T. vindobonensis and Rafetus bohemicus for more extensive 
discussions).

Trionyx erquelinnensis Dollo 1909
nomen nudum

Material. IRSNB 3908, a carapace (Broin 1977, pl. 9.2).

Locality. Erquelinnes, Hainaut, Belgium (Dollo 1909); Tienen
Formation, MP 7, early Ypresian, early Eocene (Delfino and
Smith 2009).

Comments. Similarly to Trionyx levalensis, the other Belgian
pan-trionychid named by Dollo (1909), the name T. erquelin-
nensis was simply provided in a list of taxa and was not
accompanied by a description of material, a diagnosis, or ref-
erence to a prior published description or definition. Dollo
(1909) therefore did not make this name available. Broin
(1977) much later described and figured the original material
of Dollo (1909) under the name T. erquelinnensis, but never-
theless concluded that the name is not available, because it
would be the junior synonym of Axestemys (her Palaeotri-
onyx [sic]) vittata even if it were available. We here concur
with this assessment and consider T. erquelinnensis to be a
nomen nudum, but on the basis of Broin’s (1977) description
and figures, we refer all material to Axestemys vittata (see
above).

Trionyx fuchienensis (Yeh, 1974)
nomen dubium

Taxonomic history. Trionyx fuchienensis Yeh, 1974 (new
species); Aspideretes fuchienensis Ye 1994 (new combination);
Sinamyda fuchienensis Chkhikvadze 2000a (new combination);
Aspideretes fuchiensis Brinkman et al. 2008 (incorrect spelling
of species epithet); Synamyda fuchienensis Li, Tong et al. 2015
(incorrect spelling of genus name).

Type material. IVPP V4708 (holotype), an incomplete carapace
(Yeh 1974, pl. 1).

Type locality. Hekou, Ninghua County, Fujian (� Fuchien)
Province, China (Yeh 1974; Brinkman et al. 2008; Figure 4);
unknown Formation, Cretaceous (epoch and age unclear)
(Brinkman et al. 2008; Danilov and Vitek 2013).

Comments. Trionyx fuchienensis is based on a complete, but
poorly preserved carapace with vague stratigraphic provenience
that documents the purported presence of a trionychid with a
carapace that is more than twice as long as wide, an unusual
morphology otherwise not seen in any other pan-trionychid.
According to personal observations by one of us (W.G.J.), we
conclude that the holotype shows extensive repair, is heavily
crushed, and displays an unusual surface texture that is not nec-
essarily reminiscent of a trionychid. Given that the provenience
of the type is uncertain, that the morphology of the type is so
highly unusual, and that the authenticity of the morphology cap-
tured in the type is doubtful, we here regard this taxon as a
nomen dubium.

Trionyx gemmellaroi Negri, 1892
nomen invalidum

(junior synonym of “T.” capellinii Negri, 1892)

Taxonomic history. Trionyx gemmellaroi Negri, 1892 (new
species); T. gemellarioi Sacco 1894 (incorrect spelling of species
epithet); T. gemellarii Reinach 1900 (incorrect spelling of species
epithet); T. gemellaroi Hummel 1932 (incorrect spelling); T. gem-
melarvoi Bergounioux 1953 (incorrect spelling of species epi-
thet); T. capellinii � T. c. affinis � T. c. conjugens � T.
gemmellaroi � T. intermedius Kotsakis 1985 (junior synonym).

Type material. MGP-PD 5157 (holotype), almost complete skele-
ton, including the plastron and carapace, all limb elements, and
partial skull and mandible (Negri 1892, pls. 1, 5.2–5; Bergounioux
1954, figs. 11, 12, pl. 3; Giusberti et al. 2014, fig. 4a–b).

Type locality. Monte Bolca (� Purga di Bolca), Veneto, Italy
(Negri 1892); Prati Valeno Horizon, probably Lutetian, middle
Eocene (Giusberti et al. 2014).

Comments. Trionyx gemmellaroi is based on a beautifully pre-
served specimen that is almost identical to the syntypes of “T.”
capellinii. Given that T. gemmellaroi and “T.” capellinii were
named in the same publication (Negri 1892), we here concur
with Kotsakis (1985), the first revisor, by acknowledging “T.”
capellinii as the senior synonym. For a discussion on pan-tri-
onychid material from the middle Eocene locality of Monte
Bolca, Italy, see “T.” capellinii above.

Trionyx gergensi Reinach, 1900
nomen invalidum

(junior synonym of T. vindobonensis 
Peters, 1855)

Taxonomic history. Aspidonectes gergensii Meyer 1844 (nomen
nudum); Aspidonectes gergensi Meyer 1860 (nomen nudum);
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Trionyx gergensi Reinach, 1900 (new species), Procyclanorbis ger-
gensi Portis 1901 (new combination); T. gergensis Harrassowitz
1919 (incorrect spelling of species epithet); [T. gergensi] Hum-
mel 1929 (nomen dubium); Aspideretes gergensi Karl 1993 (new
combination); T. triunguis � [Aspidonectes gergensi] � 24 oth-
ers Karl 1998 (junior synonym, see Rafetus bohemicus for com-
plete synonym).

Type material. NMM (holotype), a fragmentary specimen con-
sisting of partial nuchal right costal I, left hyo-hypoplastron, right
xiphiplastron, and limb bones (Reinach 1900, pl. 40.1–5, 8–10).

Type locality. Hechtsheim, Mainz, Rhineland-Palatinate, Ger-
many (Meyer 1844); Aquitanian, early Miocene (Karl 1999a).

Comments. Trionyx gergensi has a tortured nomenclatural his-
tory. Meyer (1844) reported fragments from the Miocene of
Mainz, Germany, under the name Aspidonectes gergensii, but
this was not accompanied by any characters, a definition, or an
indication, and he therefore did not make the name available.
In a later contribution (Meyer 1860, 1867), he mentioned the
name again with a slightly different spelling, but once again did
not make it available. Maack (1869) listed this taxon as valid but
also did not make it available, by not including any characters,
a definition, or an indication. Lydekker (1889a) referred an addi-
tional specimen from Mainz to this name, but we do not believe
that he made the taxon available, as he explicitly refers to the
type specimen, for which he lacked character evidence. Reinach
(1900) figured the original material of Meyer (1844), provided
a description, and only then finally made the name available,
though under the combination T. gergensi. Reinach (1900)
attributed additional fragments from Weisenau near Mainz to T.
gergensi but designated Lydekker’s (1889a) shell as the type of
another taxon, T. boulengeri (see above). Portis (1901) believed
this taxon to be a cyclanorbine, and he further considered this
to represent the northernmost occurrence of this group known
to that date, but we cannot reproduce his rationale.

We here conclude that all of Reinach’s (1900) specimens
reveal the presence of well-developed plastral callosities and we
therefore synonymize Trionyx gergensi with T. vindobonensis.
The greater extent of the callosities in the material from Mainz
is attributable to ontogenetic variation, as T. vindobonensis is
typified by a relatively immature specimen (see T. vindobonen-
sis above for more extensive discussion).

Meyer (1860, 1867) described and figured fossil eggs from
the Miocene of Mainz that he attributed tentatively to Trionyx
gergensi (his Aspidonectes gergensii), a conclusion subsequently
adopted by Hummel (1929), but challenged by Gergens (1860),
who instead considered these eggs to be of cheloniid origin. If
the attribution to a trionychid is correct, this find would repre-
sent the only confirmed record of pan-trionychid eggs in the
fossil record (Lawver and Jackson 2014).

Trionyx harmati Szalai, 1934
nomen dubium

Taxonomic history. Trionyx harmati Szalai, 1934 (new species).

Type material. A left humerus (holotype) (Szalai 1934, pl. 4.21);
now considered lost (Farkas 1995).

Type locality. Budapest, Central Hungary, Hungary; Rupelian,
early Oligocene (Szalai 1934).

Comments. Szalai (1934) named Trionyx harmati on the basis
of a single humerus. Pan-trionychid humeri do not bear diag-
nostic features at the species level, and the type specimen of T.
harmati can therefore at best be identified as an indeterminate
pan-trionychine, a conclusion previously drawn by Ml⁄ynarski
(1966) and Farkas (1995). Trionyx harmati is therefore herein
considered to be a nomen dubium.

Trionyx hilberi Hoernes, 1892
nomen dubium

Taxonomic history. Trionyx hilberi Hoernes, 1892 (new species);
T. hilberti Kuhn 1964 (incorrect spelling of species epithet); T.
petersi � T. hilberi Mottl 1967 (junior synonym); T. hilbari
Ml⁄ynarski 1976 (incorrect spelling of species epithet); T. triun-
guis � T. hilberi � 24 others Karl 1998 (junior synonym, see
Rafetus bohemicus for complete synonym).

Type material. UMJGP 200692 (holotype), a complete carapace
(Heritsch 1909, pl. 9.1; Gross 2002, pl. 10.3).

Type locality. Wies, Styria, Austria (Heritsch 1909); Eibiswald
Formation, MN 5, early Langhian, middle Miocene (Aguilar et
al. 1997).

Comments. Trionyx hilberi is based on a well-preserved,
rounded carapace (CL of 26.8 cm) from the middle Miocene of
Austria (Hoernes 1892). We herein nevertheless find this taxon
to be a nomen dubium because we disregard taxa from that time
period that are based on carapacial material alone, as this part of
the body is not sufficient to diagnose a valid taxon (see T. vin-
dobonensis above for extensive discussion).

Trionyx hoernesi Heritsch, 1909
nomen invalidum, designation of lectotype

(junior synonym of T. vindobonensis 
Peters, 1855)

Taxonomic history. Trionyx hoernesi Heritsch, 1909 (new
species); T. triunguis � T. hoernesi � 24 others Karl 1998 (jun-
ior synonym, see Rafetus bohemicus for complete synonym).

Type material. UMJGP 200694 (lectotype), a partial left and
right hyo-hypoplastron, and a partial skull and mandible (Her-
itsch 1909, fig. 2; Karl 1998, pl. 5; Gross 2002, pl. 11.1); UMJGP
200708 (paralectotype), bone fragments (Gross 2002, pl. 11.2);
UMJGP 200709 (paralectotype), carapace fragments (Gross
2002, pl. 11.3); UMJGP 200703 (paralectotype), a partial cara-
pace (Heritsch 1909, pl. 9.3; Gross 2002, pl. 11. 4); UMJGP
201158 (paralectotype), a carapace (Heritsch 1909, pl. 9.4; Gross
2005, fig. 1). Some of these specimens also serve as the types for
Trionyx petersi (see below).

Type locality. Großradl (� Grossradl), Styria, Austria (Heritsch
1909); Eibiswald Formation, MN 5, early Langhian, middle
Miocene (Aguilar et al. 1997).
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Comments. The Miocene locality of Großradl, Austria, yielded
several pan-trionychid remains in the 19th century (Hoernes
1881; Heritsch 1909). On the basis of this material, Hoernes
(1881) established the species Trionyx petersi, but Heritsch
(1909) later described T. hoernesi on partially overlapping spec-
imens from the same locality. As a result, part of the type mate-
rial of T. hoernesi (UMJGP 200694, UMJGP 200709, and
UMJGP 201158) also serves as the type material of T. petersi. To
clarify this taxonomic puzzle, we designate the same specimen
for both taxa as the lectotype, thereby rending both objective
synonyms. The lectotype most notably includes partial right and
left hyo-hypoplastra that clearly document the presence of well-
developed plastral callosities. We therefore confidently syn-
onymize both T. hoernesi and T. petersi with T. vindobonensis.
The notable differences to the extent of the ossification of the
plastra are once again attributable to ontogenetic variation, as
the lectotypes of T. hoernesi and T. petersi represent a skeletally
mature individual, in contrast to the type of T. vindobonensis
(also see T. vindobonensis for extended discussion, including a
discussion regarding variation in cranial morphology).

Trionyx hurum sivalensis Lydekker, 1889a
nomen invalidum

(junior synonym of Nilssonia hurum 
[Gray, 1830])

Taxonomic history. Trionyx hurum sivalensis Lydekker, 1889a
(new subspecies); Nilssonia hurum � T. hurum sivalensis
Rhodin et al. 2015 (junior synonym).

Type material. IMC E163 (holotype), a plastron and carapace frag-
ment (Lydekker 1885, pl. 27.3, 3a; Lydekker 1889a, no figure).

Type locality. Siwaliks, Punjab (Lydekker 1889a), Pakistan (see
Emyda lineata); late Pliocene–early Pleistocene (Rhodin et al.
2015).

Comments. Lydekker (1885) initially described the type mate-
rial of Trionyx hurum sivalensis as an unnamed, indeterminate
species of Trionyx. Four years later, Lydekker (1889a) designated
the same material as a new variety of Nilssonia (his Trionyx)
hurum, which he characterized by a median and two lateral
ridges on the carapace (Lydekker 1889a) while noting that the
new taxon is almost identical to the extant form. We here fully
agree with Rhodin et al. (2015) by considering T. hurum sivalen-
sis to be a junior synonym of Nilssonia hurum. However, as was
explicitly stated by Bell et al. (2010), synonymization of Pleis-
tocene taxa with extant representatives should only be done cau-
tiously, as cryptic diversity and conservative skeletal morphology
is widespread among extant forms.

Trionyx incrassatus Owen in 
Owen and Bell, 1849

nomen invalidum
(junior synonym of “Trionyx” henrici Owen in

Owen and Bell, 1849)

Taxonomic history. Trionyx incrassatus Owen in Owen and
Bell, 1849 (new species); T. incrassus Peters 1855 (incorrect

spelling); T. incrassatum Bergounioux 1933 (incorrect spelling
of species epithet); Rafetoides henrici � T. incrassatus � 7 oth-
ers Karl 1998 (junior synonym, see “T.” henrici for complete
synonym).

Type material. BMNH R1433 (syntype), a carapace (Owen and
Bell 1849, pl. 17; Owen 1849–1884, pl. 26); BMNH R30403 (syn-
type), anterior part of a carapace (Owen and Bell 1849, pl. 18;
Owen 1849–1884, pl. 27); BMNH R30508 (syntype), elements
of the plastron, vertebrae, and the appendicular skeleton (Owen
and Bell 1849, pl. 19; Owen 1849–1884, pl. 28).

Type locality. Isle of Wight, United Kingdom (Owen and Bell
1849); upper Headon Hill Formation, late Eocene (Benton and
Spencer 1995).

Comments. Trionyx incrassatus was initially distinguished
from the type of “T.” henrici by the presence of a more
depressed carapace, differences in nuchal and costal shape,
a coarser sculpturing pattern, and slight differences in the
shapes of the dorsal vertebrae (Owen and Bell 1849;
Lydekker 1889a), but these differences are now attributed to
individual variation (Meylan 1987). Additional material
from Hordle, Hampshire, assigned to T. incrassatus
(Lydekker 1889a) is here referred to “T.” henrici as well. The
postcranial material attributed to T. incrassatus enhances
our understanding of the appendicular skeletal anatomy of
“T.” henrici. For a discussion regarding pan-trionychid
material from the late Eocene of England, see “T.” henrici
above.

Trionyx insolitus Bergounioux, 1954
nomen invalidum

(junior synonym of “T.” capellinii Negri, 1892)

Taxonomic history. Trionyx insolitus Bergounioux 1953 (nomen
nudum); T. insolitus Bergounioux, 1954 (new species); T.
capellinii montevialensis � T. c. gracilina � T. c. perexpansa � T.
c. schaurothianus � T. insolitus � [T. italicus] Kotsakis 1977
(junior synonym); T. italicus � T. c. montevialensis � T. c.
schaurothianus � T. c. gracilina � T. c. perexpansa � T. insolitus
Kotsakis 1985 (junior synonym).

Type material. MGP-PD 26560 (holotype), a complete carapace
in dorsal view (Bergounioux 1954, fig. 27, pl. 13; Kotsakis 1977,
fig. 31; Pandolfi et al. 2017, fig. 7c).

Type locality. Monteviale, Veneto, Italy (Bergounioux 1954); MP
21, early Rupelian, early Oligocene (Pandolfi et al. 2017).

Comments. Trionyx insolitus is based on a large specimen
from the Oligocene of Monteviale, Italy, that Bergounioux
(1954) claimed to have a preneural, a feature that would
readily differentiate it from most other pan-trionychids
from the Paleogene of Europe. Whereas Kotsakis (1977)
interpreted this as an anomaly or pathology, we reject the
presence of a preneural based on personal observations of
the type specimen. For a discussion on pan-trionychid
material from the early Oligocene locality of Monteviale,
Italy, see “T.” capellinii above.
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Trionyx intermedius Bergounioux, 1954
nomen invalidum

(junior synonym of “T.” capellinii Negri, 1892)

Taxonomic history. Trionyx intermedius Bergounioux 1953
(nomen nudum); T. intermedius Bergounioux, 1954 (new
species); T. capellinii capellinii � T. c. affinis � T. c. conjugens �
T. gemmellaroi � T. intermedius Kotsakis 1985 (junior syn-
onym).

Type material. MGP-PD 12814 (holotype), a complete carapace
(Bergounioux 1954, fig. 13, pl. 4; Kotsakis 1977, fig. 3f; Giusberti
et al. 2014, fig. 4d).

Type locality. Monte Bolca (� Purga di Bolca), Veneto, Italy
(Bergounioux 1954); Prati Valeno Horizon, probably Lutetian,
middle Eocene (Giusberti et al. 2014).

Comments. Bergounioux (1954) differentiated Trionyx inter-
medius from the sympatric “T.” capellinii by carapace shape,
shape and size of neurals, and carapacial sculpturing. Kotsakis
(1977) thought that T. intermedius is probably distinct from “T.”
capellinii, as the former taxon lacks a posterior carapacial trun-
cation, but Broin (1977) and Kotsakis (1985) attributed this dif-
ference to interspecific variation, an opinion soon after adopted
by Kotsakis (1985) as well. For a discussion on pan-trionychid
material from the middle Eocene locality of Monte Bolca, Italy,
see “T.” capellinii above.

Trionyx irregularis Bergounioux, 1954
nomen dubium

Taxonomic history. Trionyx irregularis Bergounioux 1953
(nomen nudum); T. irregularis Bergounioux, 1954 (new
species).

Type material. MGP-PD 26561 (holotype), a fragmentary cara-
pace (Bergounioux 1954, fig. 28, pl. 14).

Type locality. Ignago-Zovo (� Ignago), Veneto, Italy (Bergounioux
1954; Chesi 2009); Oligocene (Kotsakis 1985).

Comments. Trionyx irregularis is based on a rather fragmentary
carapace from Ignago-Zovo, Italy, not Spain, as erroneously
reported by Karl (1999a), that was originally diagnosed by ref-
erence to its carapacial sculpturing pattern and, more notably,
irregularly shaped neurals (Bergounioux 1954; Kotsakis 1985).
However, based on our personal observations of the holotype,
we regard an assignment beyond Pan-Trionychinae implausible
because this specimen is too fragmentary to allow identification
at the species level. Trionyx irregularis is therefore here consid-
ered to be a nomen dubium.

Trionyx ishiharaensis Miura and Uyama, 1987
nomen dubium

Taxonomic history. Trionyx ishiharaensis Miura and Uyama,
1987 (new species); T. ishiharensis Hasegawa et al. 2007 (incor-
rect spelling of species epithet).

Type material. HNSM (holotype), a partial carapace (Miura and
Uyama 1987, pl. 5.a, b).

Type locality. Bihoku-sôgun Kimita-son, Hiroshima, Japan
(Miura and Uyama 1987; Figure 3); Bihoku Group, late Burdi-
galian, early Miocene (Hirayama 2007).

Comments. Trionyx ishiharaensis is based on a notably large,
nearly complete carapace (CL ca. 78 cm) from the Miocene of
Japan. Although the type specimen is unusually complete, the
type description is extremely short and the associated figures
and line drawing difficult to interpret. Indeed, based on the
available evidence, we cannot estimate if the type specimen is
attributable to any lineage of extant giant trionychids (e.g., the
Amyda, Chitra, or Pelochelys lineages) or represents a separate,
evolutionary lineage. Although more detailed reanalysis may
confirm its validity, we here consider this taxon to be a nomen
dubium.

Trionyx italicus Schauroth, 1865
nomen dubium

Taxonomic history. Trionyx italicus Schauroth, 1865 (new
species); Trionix italicus De Gregorio 1892 (incorrect spelling of
genus name); T. capellinii montevialensis � T. c. gracilina � T. c.
perexpansa � T. c. schaurothianus � T. insolitus � [T. italicus]
Kotsakis 1977 (nomen oblitum, junior synonym); T. italicus �
T. capellinii gracilina � T. capellinii montevialensis � T. capellinii
perexpansa � T. capellinii schaurothianus � T. insolitus Kotsakis
1985 (senior synonym).

Type material. NMCL 3897 (holotype), an incomplete carapace
(Schauroth 1865, pl. 29.1), now lost (E. Mönnig, pers. comm.,
2016).

Type locality. Monteviale, Veneto, Italy (Schauroth 1865; Kot-
sakis 1977; Figure 5); MP 21, early Rupelian, early Oligocene
(Pandolfi et al. 2017).

Comments. The Oligocene locality of Monteviale, Italy has
yielded several pan-trionychid specimens that serve as the
basis for six named taxa. Given that all material seems to
represent a single species, Kotsakis (1977) concluded that
Trionyx italicus should serve as the senior synonym, as it was
named first, but he also concluded that the name had been
in disuse for an extended amount of time and that it actually
represents a nomen oblitum. A few years later, however, Kot-
sakis (1985) changed his opinion and resurrected T. italicus
as the senior synonym of all taxa named from Monteviale.
Kotsakis’s (1977) initial conclusion that T. italicus is a nomen
oblitum does not fulfill the requirements of the ICZN
(1999), as the name T. italicus was used as a valid nomen
multiple times over the course of the 20th century (e.g., Her-
itsch 1909; Teppner 1913; Hummel 1929, 1932; Kuhn 1964).
However, we nevertheless agree with the conclusion that T.
italicus is not an appropriate senior synonym for material
from Monteviale, as the holotype only consists of undiag-
nostic shell fragments and now seems to be lost (E. Mönnig,
pers. comm., 2016). We therefore consider this name to be
a nomen dubium.
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Trionyx jakhimovitchae Chkhikvadze, 1989
nomen dubium

Taxonomic history. Trionyx jakhimovitchae Chkhikvadze, 1989
(new species); Pelodiscus jakhimovitchae Kordikova 1994a (new
combination).

Type material. IPGAS 7-63-21 (holotype), left costal I (Chkhik-
vadze 1989, fig. 7); IPGAS 7-63-22 (paratype), fragment of left
hypoplastron (Chkhikvadze 1989, not figured); IPGAS 7-64-I
(paratypes), fragment of a hypoplastron (Chkhikvadze 1989, not
figured); IPGAS (paratypes), costal fragments, a frontal and an
ungual phalanx (Chkhikvadze 1989, not figured).

Type locality. Sarybulak, East Kazakhstan Region, Kazakhstan
(Chkhikvadze 1989, 2010); Sarybulak suite, middle Miocene
(Chkhikvadze 2010).

Comments. The holotype of Trionyx jakhimovitchae is a frag-
mentary costal that cannot be identified beyond Pan-Trionychi-
dae indet. The paratypes listed in the type description
(Chkhikvadze 1989) were never figured, and referral can there-
fore not be reproduced. Trionyx jakhimovitchae is here consid-
ered a nomen dubium. Kordikova (1994b) referred additional
material to this species from four additional localities across the
Zaysan Basin, East Kazakhstan Region, but this referred mate-
rial was neither described nor figured. As the identification of
pan-trionychid remains is straightforward, we here refer these
fragments to Pan-Trionychidae indet. For a more extensive dis-
cussion, see “T.” ninae above.

Trionyx kazusensis Otsuka, 1969
nomen dubium

Taxonomic history. Trionyx kazusensis Otsuka, 1969 (new
species).

Type material. KUL GK.M.1180–1183 (holotype), fragments of
a carapace (Otsuka 1969).

Type locality. Shimabara Peninsula, Nagasaki, Japan; Kuchinotsu
Group, Oya Formation, early Pleistocene (Otsuka 1969, 1970).

Comments. Trionyx kazusensis is a small trionychid taxon (CL
ca. 24 cm) that was established on the basis of fragmentary shell
material, a scapula, and an incomplete ilium from the Pleis-
tocene of Japan. Otsuka (1969, 1970) distinguished it from the
extant Pelodiscus sinensis by its larger size and thicker shell with
deep and wide pits and variations to the shape of neural I and the
quadrate. However, as stated in Hirayama (2007), the material
bears no diagnostic features and should therefore be regarded as
an indeterminate pan-trionychid. We concur with this view here
and consider T. kazusensis to be a nomen dubium.

Trionyx khosatzkyi Chkhikvadze, 1983
nomen dubium

Taxonomic history. Trionyx khosatzkyi Chkhikvadze, 1983 
(new species); Rafetus khosatzkyi Chkhikvadze 2007 (new
combination).

Type material. IPGAS 3-101-3 (holotype), a cervical vertebra VI
(Chkhikvadze 1983, fig. 17; Chkhikvadze and Lungu 1984, 
fig. 6).

Type locality. Maykop, Adygea Republic, Russia (Chkhikvadze
1983); Serravallian, middle Miocene (Kordikova 1994b).

Comments. Trionyx khosatzkyi was established on the basis of a
cervical vertebra (Chkhikvadze 1983). Two scapulae, a distal
fragment of a costal, and a medial fragment of a hypoplastron
from the same locality were also referred to this taxon, but these
were never figured (Chkhikvadze 1983). On the basis of this
material, this taxon was diagnosed by its large size (estimated
CL of around 60–70 cm) and a sculpturing pattern described as
finely rippled ridges (Chkhikvadze 1983). However, the cervical
vertebrae of pan-trionychids are not diagnostic at the species
level, and the taxonomic status of the referred material cannot
be verified, as it was never figured or described. We therefore
consider this material to represent an indeterminate pan-triony-
chid and T. khosatzkyi a nomen dubium.

Shebzukhova and Tarasenko (2007) more recently referred
isolated carapace fragments from the type locality of Trionyx
khosatzkyi to that species, but these are here also classified as
indeterminate pan-trionychids.

Trionyx laurillardii Gray, 1831
nomen dubium

Taxonomic history. Trionyx laurillardii Gray, 1831 (new species);
[T. laurillardi] Hummel 1929 (nomen dubium and incorrect
spelling of species epithet).

Type material. MNHN (holotype), a nuchal (Cuvier 1821–1824,
pl. 15.3; Broin 1977).

Type locality. Ambarès-et-Lagrave (� La Grave), Gironde,
France (Cuvier 1821–1824); Priabonian, late Eocene (Broin
1977).

Comments. Cuvier (1821–1824) figured and briefly described
pan-trionychid fragments from the region surrounding Bor-
deaux, to which Gray (1831) soon after applied the name Tri-
onyx laurillardii. As Gray (1831) provided an indication to a
previous description, his action complies with the rules of
ICZN (1999) for the availability of a new name established
prior to 1931. The validity of T. laurillardii was nevertheless
challenged by Hummel (1929, 1932) and Broin (1977) as the
holotype, a nuchal, bears no diagnostic characters. We agree
with this opinion and therefore consider T. laurillardii to be a
nomen dubium.

Trionyx levalensis Dollo 1909
nomen nudum

Material. IRSNB 1720, a partial carapace and plastron with asso-
ciated skull fragments (Broin 1977).

Locality. Trieu de Leval, Hainaut, Belgium (Dollo 1909; Moody
and Walker 1970); Tienen Formation, MP 7, early Ypresian,
early Eocene (Delfino and Smith 2009).
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Comments. Dollo (1909) reported on the presence of some of
the oldest known pan-trionychid material from Europe under
the name Trionyx levalensis, but he did not provide a description,
definition, or indication, and this name must therefore be con-
sidered a nomen nudum, as already noted by Moody and
Walker (1970) and Broin (1977). The specimen to which Dollo
(1909) was referring has since been identified as consisting of a
shell, postcranial elements, and skull fragments (Moody and
Walker 1970) as it is labeled under this name in the collections
of the IRSNB. We agree with these authors that T. levalensis must
be considered a nomen nudum but conclude that the relevant
specimens are referable to Axestemys vittata (see above).

Trionyx liupani Tao, 1986
nomen invalidum

(junior synonym of Rafetus swinhoei 
[Gray, 1873])

Taxonomic history. Trionyx liupani Tao, 1986 (new species);
Rafetus swinhoei � Pelochelys taihuensis � T. liupani Farkas
1992 (junior synonym).

Type material. Private collection in Tainan, Taiwan (syntype), a
nearly complete cranium (Tao 1986, text figs. 1, 3, 5, 7 and figs.
2, 4, 6, 9); private collection in Chia-Yi, Taiwan (syntype), a hyo-
hypoplastron (Tao 1986, text fig. 9 and figs. 8, 10–12).

Type locality. Penghu (Pescadores) Channel, Taiwan (Tao 1986);
Late Pleistocene (Farkas 1992).

Comments. Trionyx liupani is based on a skull and a hyo-
hypoplastron found by fishers in the Penghu Channel, off the
coast of Taiwan, at a depth of more than 150 m. The type mate-
rial is housed in two different private collections, but plaster
models are kept in the Museum of Zoology in the National Tai-
wan University under the repository numbers NTUM 002 and
NTUM 003, respectively. In the type description, this species
was only compared to Pelodiscus sinensis, but nevertheless
assigned to Trionyx (Tao 1986). Farkas (1992) soon after noted
great similarities with Rafetus swinhoei and therefore considered
T. liupani to be its junior synonym. This synonymy has since
been accepted by Le and Pritchard (2009) and Rhodin et al.
(2015), and we concur with this assessment herein as well.

Trionyx lockardi Gray 1831
nomen nudum

Material. MNHN 8369, a plastron fragment (Gray 1831, not fig-
ured; Broin 1977).

Type locality. Avaray, Loire, France (Gray 1831; Fitzinger 1836);
Burdigalian, early Miocene (Broin 1977).

Comments. Cuvier (1821–1824) mentioned the presence of
pan-trionychid remains from the Miocene of Avaray, France,
but he did not provide a description of this material or the def-
inition of a new taxon. Gray (1831) soon after provided the
name Trionyx lockardi for this material, but he did not provide
a description or definition as well. The name T. lockardi there-

fore does not fulfill the minimum requirements of ICZN (1999),
and the name is not available (see T. dodunii), much as Gervais
(1859), Hummel (1929, 1932), and Broin (1977) noted before.

Trionyx lorioli Portis, 1882
nomen dubium

Taxonomic history. Trionyx lorioli Portis, 1882 (new species).

Type material. MGL 8889 (syntype), posterior part of a carapace
(Portis 1882, pl. 6.2); MGL 8907 (syntype), anterior part of a
carapace (Portis 1882, pl. 21); MGL 8902 (syntype), posterior
part of a carapace, along with parts of the hyo-hypoplastron
(Portis 1882, pls. 22, 23).

Type locality. La Rocchette (� Rochette) Locality, Belmont,
Vaud, Switzerland (Portis 1882); MP 29, Chattian, late Oligocene
(Berger 1998).

Comments. Trionyx lorioli is based on several fragmentary spec-
imens from the late Oligocene of La Rocchette, Switzerland, one
of which had already been described and figured by Pictet and
Hubert (1856) as an indeterminate species of Trionyx. We herein
consider this taxon to be a nomen dubium, as the type material
is not sufficient to diagnose a valid species (see T. valdensis for
more extensive discussions).

Souza Torres (1947) attributed a carapace fragment from
the late Miocene of Portugal to Trionyx lorioli on the basis of
sculpturing pattern, but we here consider this fossil to be an
indeterminate pan-trionychine.

Trionyx manouri Gray, 1831
nomen dubium

Taxonomic history. Trionyx maunoir Cuvier 1821–1824 (nomen
nudum); T. manouri Gray, 1831 (new species); T. maunoiri
Fitzinger 1836 (incorrect spelling of species epithet); T. maunori
Ezquerra del Bayo 1850 (incorrect spelling of species epithet); T.
monoiri Reinach 1900 (incorrect spelling of species epithet); T.
monoiiri Heritsch 1909 (incorrect spelling of species epithet).

Type material. A partial carapace and fragments of a plastron
(Cuvier 1821–1824, pl. 15.1, 2; Cuvier 1835–1836, pl. 243.1, 2),
now lost (Broin 1977).

Type locality. Aix-en-Provence, Bouches-du-Rhône, France
(Gray 1831); Rupelian or early Aquitanian, early Oligocene or
early Miocene (Broin 1977).

Comments. This taxon was first described under the name Tri-
onyx maunoir by Cuvier (1821–1824), who attributed the name
to an unpublished abstract by Boulet, but as he was uncertain if
the material represents a valid taxon, he did not make that name
available for nomenclatural purposes. Gray (1831) soon after
used a slightly different spelling of that name, T. manouri, as
valid and referred to the work of Cuvier (1821–1824) and
thereby made that name available (ICZN 1999). For this reason,
we herein attribute authorship of T. manouri to Gray (1831) and
not to Boulet, as has been previously suggested (Hummel 1932;
Kuhn 1964). The available material is highly fragmentary and
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now lost. We therefore consider T. manouri to be a nomen
dubium (also see T. vindobonensis above).

Ezquerra del Bayo (1850) referred material from Spain to
this taxon, but this attribution seems questionable (Hummel
1929). This Spanish specimen is unfortunately lost, and no fur-
ther comparisons can be made (Jiménez Fuentes and Alonso
Andres 1994). We therefore do not list this material in our geo-
graphic summary.

Trionyx marginatus Owen in 
Owen and Bell, 1849

nomen invalidum
(junior synonym of “T.” henrici Owen in 

Owen and Bell, 1849)

Taxonomic history. Trionyx marginatus Owen in Owen and
Bell, 1849 (new species); T. henrici � T. marginatus Lydekker
1889a (junior synonym); T. marginatus Kuhn 1964 (nomen
validum); Rafetoides henrici � T. marginatus � 7 others Karl
1998 (junior synonym, see “T.” henrici for complete synonym).

Type material. BMNH R30406 (holotype), a complete carapace
(Owen and Bell 1849, pl. 19; Owen 1849–1884, pl. 30).

Type locality. Hordle (� Hordwell) Cliff, Hampshire, United
Kingdom (Owen and Bell 1849); Totland Bay Member, Headon
Hill Formation, Priabonian, late Eocene (Benton and Spencer
1995).

Comments. Trionyx marginatus was established on the basis of
a rather complete carapace that was solely differentiated from
the other late Eocene English taxa by sculpturing pattern (Owen
and Bell 1849). For a discussion regarding pan-trionychid mate-
rial from the late Eocene of England, see “T.” henrici above.
Zigno (1889) attributed a fossil from the Eocene of Monte
Zuello, Veneto, Italy, to T. cf. marginatus, but Kotsakis (1977)
believed this to be closer to “T.” capellinii. We find this speci-
men to be rather fragmentary for identification and consider it
to be an indeterminate pan-trionychid.

Trionyx marini Hernández Sampelayo 
and Bataller, 1944
nomen dubium

Taxonomic history. Trionyx marini Hernández Sampelayo and
Bataller, 1944 (new species); T. marini Jiménez Fuentes and
Martín de Jesús 1991 (lectotype designation).

Type material. MG-IGME 1560N (not MG-IGME 1.101N as
stated by Jiménez Fuentes and Alonso Andres [1991]) (lecto-
type), a nearly complete carapace (Hernández Sampelayo and
Bataller 1944, figs. 1, 2; Bergounioux 1958, pl. 25.4); MMB
(paralectotype), a partial epiplastron (Jiménez Fuentes and
Martín de Jesús 1991).

Type locality. Lignite mines of Almatret, Lerida, Catalonia, Spain
(Hernández Sampelayo and Bataller 1944; Jiménez Fuentes and
Alonso Andres 1994); Rupelian, early Oligocene (Jiménez
Fuentes and Martín de Jesús 1991).

Comments. Trionyx marini is based on a partial epiplastron and
a small (CL of 18 cm), nearly complete shell from the early
Oligocene of Spain (Hernández Sampelayo and Bataller 1944),
of which the latter was later designated as the lectotype (Jiménez
Fuentes and Martín de Jesús 1991). Bergounioux (1958) stated
that the lectotype originated from Zaragoza, Aragon, but this
seems to be an error (Jiménez Fuentes and Alonso Andres
1994). Jiménez Fuentes and Martín de Jesús (1991) concluded
that little could be said about the affinities of this species and
that its validity was based mostly on the age and provenience of
the specimen. Our firsthand observation of the material reveals
that although the holotype is beautifully preserved, rib ends are
mostly lacking, and the posterior carapacial margin is damaged.
We therefore conclude that this taxon is a nomen dubium.

Trionyx messelianus kochi Hummel, 1927
nomen invalidum

(junior synonym of “T.” messelianus 
Reinach, 1900)

Taxonomic history. Trionyx messelianus kochi Hummel, 1927
(new subspecies); Amyda messeliana kochi Karl 1993 (new com-
bination, emended spelling of species epithet); Rafetoides aus-
triacus � T. messelianus � T. messelianus kochi � T. messelianus
lepsiusi Karl 1998 (junior synonym).

Type material. HLMD Me4194a,b (holotype), the anterior por-
tions of a skeleton (Hummel 1927, pl. 10).

Type locality. Messel pit fossil site, Hesse, Germany (Reinach
1900); MP 11, early Lutetian, middle Eocene (Joyce et al. 2012).

Comments. Hummel (1927) described Trionyx messelianus
kochi on the basis of two specimens from Messel pit, which were
supposed to represent a distinct variety relative to the nominal
form “T.” messelianus from the same locality. We find that vari-
eties based on material from the same locality have no relation-
ship to modern species concepts and therefore disregard T.
messelianus kochi from consideration completely.

Trionyx messelianus lepsiusi Hummel, 1927
nomen invalidum

(junior synonym of “T.” messelianus 
Reinach, 1900)

Taxonomic history. Trionyx lepsii Harrassowitz 1919 (nomen
nudum); T. lepsiusii Harrassowitz 1922 (nomen nudum); T. mes-
selianus lepsiusi Hummel, 1927 (new subspecies); Rafetoides aus-
triacus � T. messelianus � T. messelianus kochi � T. messelianus
lepsiusi Karl 1998 (junior synonym).

Type material. HLMD Me1460 (holotype), a well-preserved
carapace and plastron (Hummel 1927, pl. 3).

Type locality. Messel pit fossil site, Hesse, Germany (Harras-
sowitz 1919; Hummel 1927); MP 11, early Lutetian, middle
Eocene (Joyce et al. 2012).

Comments. Harrassowitz (1919, 1922) introduced the names
Trionyx lepsii and T. lepsiusii, but he did not provide a
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description, definition, or indication and therefore did not make
either spelling available for nomenclatural considerations. The
taxon was therefore only formally established by Hummel
(1927), who provided a detailed description and figured several
specimens. Trionyx messelianus lepsiusi was principally differ-
entiated by its sculpturing pattern, nuchal morphology, shape
of costals I, and reversal of the neural series orientation at neu-
ral VI, but we do not find this to be relevant, as we do not see any
value in recognizing subspecies within material from the same
locality. We therefore disregard this taxon completely.

Trionyx michauxi Broin, 1977
nomen invalidum

(junior synonym of “T.” silvestris Walker and
Moody, 1974)

Taxonomic history. Trionyx michauxi Broin, 1977 (new species);
T. michausi Broin 1977 (incorrect spelling).

Type material. LG-FSM 3488 (MCY 1) (holotype), a skull
(Michaux 1973, fig. 1; Broin 1977, fig. 72, pl. 11.1–3).

Type locality. Mancy, Marne, France; Sables à Unios et
Térédines, MP 9, late Ypresian, early Eocene (Broin 1977).

Comments. Trionyx michauxi is based on a skull and nonasso-
ciated shell fragments that were initially believed to have strong
affinities with T. bruxelliensis (Michaux 1973). Broin (1977)
erected T. michauxi on the basis of that skull, described its
anatomy, and suggested affinities with the coeval, English form
“T.” silvestris. Despite apparent similarities, Broin (1977) differ-
entiated both forms on the basis of skull thickness, snout, orbit,
and palatine shape. Several studies have since shown that fossil
and extant trionychids can show considerable ontogenetic, geo-
graphic, or sexual variation comparable to that observed
between “T.” silvestris and T. michauxi (Dalrymple 1977; Joyce
et al. 2016). We therefore synonymize these coeval taxa with
confidence (see “T.” silvestris above). Broin (1977) listed several
shell elements (costal and plastral fragments and a xiphiplas-
tron) from coeval sediments as “presumed paratypes.” As this
does not seem to represent the formal designation of paratype
material, we do not list these specimens herein.

Jiménez Fuentes and Alonso Andres (1994) referred two
hypoplastra of presumably immature specimens from the mid-
dle Eocene (Lutetian) of Castile and León, Spain, to Trionyx cf.
michauxi, based on supposed similarities to the sinuous mor-
phology of the anterior margin of the hypoplastra, a referral we
cannot reproduce, as Broin (1977) did not describe the plastral
material for her French taxon. Kotsakis (1985) similarly discussed
similarities with material from the middle Eocene of Sardinia. In
both cases, we find the available material to be too fragmentary
to allow identification beyond Pan-Trionychidae indet.

Trionyx moldaviensis Khosatzky, 1986
nomen dubium

Taxonomic history. Trionyx moldaviensis Khosatzky, 1986 (new
species).

Type material. NMENHM 3491 (holotype), a complete cara-
pace (Chkhikvadze 1983, fig. 19; Chkhikvadze and Lungu 1984,

fig. 5; Khosatzky 1986, pls. 1.1, 2.1–4; Khosatsky and Red-
kozubov 1989, figs. 7, 8).

Type locality. Mileştii Mici (� Malye Mileshty), Ialoveni, Moldova
(Khosatzky 1986); Serravallian, middle Miocene (Vremir et al 1997).

Comments. The type specimen of Trionyx moldaviensis is a rel-
atively complete, large carapace from the middle Miocene of
Moldova. The type was initially referred to T. brunhuberi by
Chkhikvadze (1983) but was later described as a new species by
Khosatzky (1986). According to the rationale we outline herein,
we here consider this taxon to be a nomen dubium, as a carapace
by itself is not diagnostic (see T. vindobonensis above for more
extensive discussion).

Trionyx mourieri Bergounioux, 1935
nomen dubium

Taxonomic history. Trionyx mourieri Bergounioux, 1935 (new
species).

Type material. MHNT PAL2011.0.82 (holotype), the imprint of
a shell (Bergounioux 1935, fig. 29, pl. 12.1).

Type locality. Armissan, Aude, France (Bergounioux 1935); Chat-
tian or Aquitanian, late Oligocene or early Miocene (Hervet 2004).

Comments. Trionyx mourieri is based on several shell imprints
from Armissan, Aude, France, of which one serves as the holo-
type (Bergounioux 1935). Bergounioux (1935) suggested that
the neural column of the type specimen continues to the poste-
rior margin of the carapace, but we cannot reproduce this con-
clusion based on high resolution photographs we obtained. For
additional discussion regarding trionychid material from
Armissan, France, see T. acutiformis and T. vindobonensis above.

Trionyx münzenbergensis Hummel 1927
nomen nudum

Material. SMF R260 (holotype), a carapace (Hummel 1927, pl.
11.39).

Locality. Münzenberg, Hesse, Germany (Hummel 1927); Aqui-
tanian, early Miocene (Hummel 1927).

Comments. Hummel (1927) provided Trionyx münzenbergen-
sis as a provisional name for a nearly complete carapace from
the Miocene of Germany, but as he did not intend the name to
be valid, it cannot be considered for nomenclatural purposes
(Karl 1993). We therefore disregard this name as a nomen
nudum. The name conversely does not need to be Latinized
through the removal of the German umlaut, as required by the
ICZN (1999) for available names.

Trionyx nopcsai Szalai, 1934
nomen dubium, designation of lectotype

Taxonomic history. Trionyx nopcsai Szalai, 1934 (new species);
Chelydropsis nopcsai Chkhikvadze 1989 (new combination).
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Type material. MFGI Ob.3980 (lectotype), a dentary (Szalai
1934, pl. 4.22; Ml⁄ynarski 1966, fig. 15; Farkas 1995, fig. 1); MFGI
3136 (paralectotype), a carapace fragment (not figured), now
considered lost (Farkas 1995).

Type locality. Brusturi (� Tataros), Bihor, Romania (Szalai
1934); Serravallian–Tortonian, middle–late Miocene (Farkas
1995).

Comments. Trionyx nopcsai is based on a carapace fragment
and a partial lower jaw from the Miocene of Romania (Szalai
1934). Ml⁄ynarski (1966) challenged the taxonomic status of the
lower jaw, which he tentatively identified as belonging to a chely-
drid. This view was later adopted by Farkas (1995), Karl (1999a),
and Rhodin et al. (2015), and T. nopcsai was considered to be a
chimera of chelydrid and trionychid fossils. More recently, Joyce
(2016) reaffirmed the original identification of the mandible as
being pan-trionychid in nature, as members of this group usu-
ally have delicate, slopping mandibles, quite in contrast to the
more vertically oriented mandibles of chelydrids. Our firsthand
observation of this material at MFGI confirms that the dentary
indeed belongs to a pan-trionychid. Given that the carapace
fragment now seems to be lost (Farkas 1995), we herein desig-
nate the dentary as the lectotype of the species. However, given
that it is unclear to us if it is possible to firmly identify a pan-tri-
onychid using the dentary alone, we consider T. nopcsai to be a
nomen dubium (also see T. vindobonensis above).

Trionyx oligocenica Negri 1892
nomen nudum

Material. MGPT-PU, carapacial and plastral fragments (Portis
1885, not figured).

Locality. Agnana Calabria, Calabria, Italy (Portis 1885); Chatt-
ian, late Oligocene (Kotsakis 1985).

Comments. This name is not available, as Portis (1885:889) only
used the phrase “Trionyx oligocenica di Agnana” as a heading to
accompany the description of trionychid specimens from the
Oligocene of Agnana, Italy, but did not include any indication
that he intended to create a new scientific name. The name T.
oligocenica appeared in the taxonomic lists of Negri (1892),
Hummel (1929), Bergounioux (1934b), and Kuhn (1964), who
universally considered it to be an available name, but Esu and
Kotsakis (1983) and Kotsakis (1985) later clarified that the name
is not available in the first place. We here concur with this assess-
ment and consider T. oligocenica to be a nomen nudum, espe-
cially considering that neither Negri (1892) nor Hummel (1929),
Bergounioux (1934b), or Kuhn (1964) made the name available
according to the rules of the ICZN (1999). Given that the rele-
vant specimen remains poorly described, we consider it only 
to document an indeterminate pan-trionychid in the late
Oligocene of Calabria.

Trionyx oweni Reinach, 1900
nomen dubium

Taxonomic history. Trionyx oweni Reinach, 1900 (new species);
[T. oweni] Hummel 1929 (nomen dubium); T. triunguis �

[T. oweni] � 24 others Karl 1998 (junior synonym, see Rafetus
bohemicus for complete synonym).

Type material. PUM (holotype), fragments of a carapace and
plastron (Reinach 1900, not figured).

Type locality. Eppelsheim, Rhineland-Palatinate, Germany
(Kaup 1834; Karl 1999a); Messinian, late Miocene (Karl 1999a).

Comments. The name Trionyx oweni first appeared in Reinach
(1900), who described a pan-trionychid from Eppelsheim and
attributed authorship to Kaup (1834). However, even though
Kaup (1834) indeed reported trionychid material from this
locality, he never used this name. As was suggested by Hummel
(1929, 1932), it seems that Reinach (1900) falsely attributed
authorship to Kaup on the basis of a specimen from the Univer-
sity of Marburg that bears the label with this species name. We
nevertheless refer authorship to Reinach (1900) according to the
rules of the ICZN (1999). Given the fragmentary nature of the
type material, we consider this taxon to be a nomen dubium
(also see T. vindobonensis above).

Trionyx parisiensis Gray, 1831
nomen dubium

Taxonomic history. Trionyx parisiensis Gray, 1831(new species);
[T. parisiensis] Hummel 1929 (nomen dubium).

Type material. MNHN (holotype), a costal (Cuvier 1821–1824,
pl. 76.12, 77; Gray 1831, not figured; Cuvier 1835–1836, pl. 157).

Type locality. Montmarte, Paris, France (Cuvier 1821–1824;
Gray 1831); MP 19, Priabonian, late Eocene (Broin 1977).

Comments. Fossil pan-trionychids from the Paris Basin were
already described and figured at the beginning of the 19th cen-
tury (Cuvier 1812), and these are, in fact, the earliest descrip-
tions and figures of fossil pan-trionychids in the chelonian
literature. Trionyx parisiensis is based on a single costal that was
described and discussed by Cuvier (1821–1824). This taxon,
however, was only formally named a few years later by Gray
(1831), who provided an indication to the previous description
of Cuvier (1821–1824). We therefore attribute authorship to
Gray (1831), contrary to Lydekker (1889a), Reinach (1900),
Hummel (1929), Kuhn (1964), and Broin (1977), who attrib-
uted authorship to Meyer (1832). We nevertheless here concur
with Hummel (1929, 1932) and Broin (1977) by regarding T.
parisiensis as a nomen dubium, as we do not find a single costal
fragment to be sufficient to diagnose a valid taxon.

Trionyx partschii Peters, 1855
nomen dubium

Taxonomic history. Trionyx partschii Fitzinger 1836 (nomen
nudum); T. partschii Peters, 1855 (new species); T. partschi
Laube 1896 (incorrect spelling of species epithet); [T. partschii]
Hummel 1929 (nomen dubium); T. vindobonensis � T. partschi
(sic) Glaessner 1933 (incorrect spelling of species epithet and
junior synonym); T. triunguis � [T. partschii] � 24 others Karl
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1998 (junior synonym, see Rafetus bohemicus for complete 
synonym).

Type material. Two costal fragments (syntypes) with uncertain
whereabouts (Peters 1855, pl. 4.4, 5).

Type locality. Loretto (� Loreto), Burgenland, Austria (Peters
1855); Tortonian, late Miocene (Karl 1999a).

Comments. Trionyx partschii was first mentioned by Fitzinger
(1836), but this action was not accompanied by a description,
definition, or indication and therefore does not fulfill the stan-
dards of ICZN (1999) for availability of taxonomic names. The
species was only later described and figured by Peters (1855),
and we consequently attribute authorship to him. Given the
fragmentary nature of the type material, we here consider this
taxon to be a nomen dubium (also see T. vindobonensis above).

Trionyx pedemontana Portis, 1879
nomen dubium

Taxonomic history. Tryonix pedemontana Portis, 1879 (new
species and incorrect genus spelling); Trionyx pedemontana Por-
tis 1883 (emended genus spelling); T. pedemontanus Teppner
1913 (emended spelling of species epithet); T. pedemontensis
Teppner 1914c (incorrect spelling of species epithet).

Type material. An almost complete carapace, with remains of
the left hyo-hypoplastron (holotype) (Portis 1879, pl. 4),
unknown whereabouts.

Type locality. Ceva, Mondovi, Piedmont, Italy (Portis 1879);
Chattian or Aquitanian, late Oligocene or early Miocene
(Kotsakis 1985).

Comments. Trionyx pedemontana was established on the basis
of a well-preserved carapace and associated plastral elements
from Ceva, Italy, that Portis (1879) originally reported to be early
Miocene, but Rieppel (1979) thought to be late Oligocene based
on anthracotheriids found nearby. Portis (1879) referred to his
new species a complete carapace from the Pliocene of nearby
San Stefano Roero, which had previously been described and
figured by Sismonda (1836, 1839) as a turtle similar to the extant
T. triunguis (his T. aegyptiacus), and which subsequently became
the holotype of T. pliopedemontana (Sacco 1889) (see also T. plio-
pedemontana below). Trionyx pedemontana was originally dif-
ferentiated by the shape and size of neural I (Portis 1879), but
this character has only limited diagnostic value. Moreover, as it
was already noted by Portis (1879), the type specimen pertained
to a young individual. Given that the whereabouts of the type are
furthermore unknown, we here conclude that this taxon should
be viewed as a nomen dubium.

Trionyx peneckei Heritsch, 1909
nomen invalidum

(junior synonym of T. vindobonensis 
Peters, 1855)

Taxonomic history. Trionyx peneckei Heritsch, 1909 (new
species); [T. peneckei] Hummel 1929 (nomen dubium); 

T. triunguis � T. peneckei � 24 others Karl 1998 (junior syn-
onym, see Rafetus bohemicus for complete synonym).

Type material. UMJGP 200693 (holotype), a partial carapace and
hypoplastron (Heritsch 1909, pl. 10.1–2; Gross 2002, pl. 12.1).

Type locality. Pölfing-Brunn, Styria, Austria (Heritsch 1909;
Gross 2002); Eibiswald Formation, MN 5, early Langhian, mid-
dle Miocene (Aguilar et al. 1997).

Comments. Trionyx peneckei is based on a disarticulated, partial
shell that fully corresponds in its morphology with T. vindobo-
nensis, as it also represents a less skeletally mature individual.
We therefore find the synonymy of these two taxa from equally
dated sediments in Austria unproblematic (for a more extensive
discussion, see T. vindobonensis).

Trionyx petersi Hoernes, 1881
nomen invalidum, lectotype designation

(junior synonym of T. vindobonensis 
Peters, 1855)

Taxonomic history. Trionyx petersi Hoernes, 1881 (new species);
T. petersi � T. hilberi Mottl 1967 (senior synonym); T. triun-
guis � T. petersi � 24 others Karl 1998 (junior synonym, see
Rafetus bohemicus for complete synonym).

Type material. UMJGP 200694 (lectotype), partial hyo-
hypoplastra and partial skull (Gross 2002, pl. 11.1); UMJGP
200708 (paralectotype), bone fragments (Gross 2002, pl. 11.2);
UMJGP 200709 (paralectotype), carapace fragments (Gross
2002, pl. 11.3); UMJGP 201158 (paralectotype), a carapace (Her-
itsch 1909, pl. 9.4; Gross 2005, fig. 1).

Type locality. Feisternitz, Großradl, Styria, Austria (Hoernes
1881; Gross 2002); Eibiswald Formation, early Langhian (MN
5), middle Miocene (Aguilar et al. 1997).

Comments. For a discussion on material from Großradl, Aus-
tria, see Trionyx hoernesi and T. vindobonensis (above). A juve-
nile shell from the middle Miocene of Pölfing-Brunn (�
Schönegg bei Wies), Styria, Austria, that was attributed by Her-
itsch (1910) to T. petersi is herein considered to pertain to an
indeterminate pan-trionychid. The same is true for the partial
carapace described as T. petersi, also from the middle Miocene
of Carinthia, by Wank (1977).

Trionyx petersi trifailensis Teppner, 1914c
nomen dubium

Taxonomic history. Trionyx petersi trifailensis Teppner, 1914c
(new subspecies); T. triunguis � T. petersi trifailensis � 24 oth-
ers Karl 1998 (junior synonym, see Rafetus bohemicus for com-
plete synonym).

Type material. GIML (holotype), a carapace (Teppner 1914c).

Type locality. Trbovlje (� Trifail), Slovenia; Langhian, middle
Miocene (Teppner 1914c).
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Comments. Trionyx petersi trifailensis was established on the
basis of a carapace from the middle Miocene of Trbovlje, Slove-
nia (Teppner 1914c), but the type material was never figured.
We therefore here consider this taxon to be a nomen dubium.

Trionyx planus Owen in Owen and Bell, 1849
nomen invalidum

(junior synonym of “T.” henrici Owen in 
Owen and Bell, 1849)

Taxonomic history. Trionyx planus Owen in Owen and Bell,
1849 (new species); T. plana Hummel 1927 (incorrect spelling
of species epithet); Rafetoides henrici � T. planus � 7 others Karl
1998 (junior synonym, see “T.” henrici for complete synonym).

Type material. BMNH R30410x (holotype), posterior half of a
carapace (Owen and Bell 1849, pl. 19c; Owen 1849–1884, pl.
32).

Type locality. Hordle (� Hordwell) Cliff, Hampshire, United
Kingdom (Owen and Bell 1849); Totland Bay Member, Headon
Hill Formation, Priabonian, late Eocene (Benton and Spencer
1995).

Comments. Trionyx planus Owen in Owen and Bell, 1849,
should not be confused with its junior homonym Aspideretes
planus Parks, 1933 (recombined as T. planus by Russell [1934])
from the Late Cretaceous of Canada, which is a junior synonym
of Axestemys splendidus (Hay, 1908) according to Gardner et al.
(1995).

Trionyx planus is known from the posterior half of a cara-
pace from the late Eocene of Hordle, United Kingdom (Owen
and Bell 1849). Lydekker (1889a) diagnosed this taxon by its
rather coarse sculpturing, the narrowness of neurals V and VI,
and the presence of expanded costals VIII, but we find that these
characters fall within the expected range of variability displayed
by other material found at Hordle. As such, we herein treat T.
planus as a junior synonym of “T.” henrici. Owen (in Owen and
Bell 1849), Lydekker (1889a), and Boulenger (1891) referred a
plastral fragment, a mandible, and a cranium, respectively, from
the type locality to T. planus as well, using size concerns or sim-
ilarities in shell sculpturing, but we here assign all of these to “T.”
henrici as well, mostly based on a geographic rationale (see “T.”
henrici above for more extensive discussion).

Trionyx pliocaenicus Reinach, 1903
nomen dubium

Taxonomic history. Trionyx pliocaenicus Reinach, 1903 (new
species); [T. pliocaenicus] Dacqué 1912 (nomen dubium).

Type material. SMF R 4144 (holotype), carapacial and plastral
fragments (Reinach 1903, pl. 17.1, 3, 4, 7).

Type locality. Wadi El Natrun, Beheira, Egypt; Pliocene
(Reinach 1903).

Comments. Trionyx pliocaenicus Reinach, 1903, should not be
confused with T. pliocenicus Fucini, 1912. Reinach (1903) mostly

differentiated his new taxon, which is based on a collection of
shell fragments, on the basis of the shape of the costals and cara-
pace sculpturing pattern. The validity of T. pliocaenicus was chal-
lenged by Dacqué (1912) and Wood (1979), and we agree that
the listed characters are insufficient to support a valid species.
The type material thus can only be identified as an indetermi-
nate pan-trionychid, and T. pliocaenicus is herein therefore con-
sidered to be a nomen dubium.

Trionyx pliopedemontana Sacco, 1889
nomen dubium

Taxonomic history. Trionyx pliopedemontana Sacco, 1889 (new
species); Trionyx pliopedemontanus Hummel 1929 (emended
spelling of species epithet); Testudo pliopedemontana Kuhn 1964
(new combination); T. pliopedemontanus � T. blayaci � T.
pliocenicus � T. pompignanensis � T. rotundiformis Broin 1977
(senior synonym).

Type material. MGPT-PU 17276 and MGPT-PU 17276/2 (holo-
type), internal and external imprint of a complete carapace (Sis-
monda 1836, pl. 1; Sismonda 1839, pl. 2).

Type locality. San Stefano Roero, Piedmont, Italy (Sismonda
1836, 1839; Portis 1879); Piacenzian, late Pliocene (Kotsakis
1985).

Comments. Sismonda (1836, 1839) described and figured the
first known fossil trionychid from Italy, a specimen (the internal
and external imprints of a nearly complete carapace) from the
late Pliocene of San Stefano Roero, Piedmont, that he tentatively
assigned to the extant Trionyx triunguis (his T. aegyptiacus). Four
decades later, Portis (1879) referred this specimen to his newly
erected taxon T pedemontana, which he typified by material
from the late Oligocene or early Miocene also from Piedmont
(see above). Sacco (1889) finally used the same specimen to
establish T. pliopedemontana, which he differentiated from the
older T. pedemontana on the basis of much larger size, shape of
neurals, size and shape of neurals V–VII, and the shape of costals
I. Whereas Hummel (1929, 1932) and Kotsakis (1980, 1985)
considered this species to be a member of the Amyda lineage,
Karl (1999a) considered it to be synonymous with T. triunguis.

Our firsthand investigation of the type specimen reveals
that sutures are clear, but that the margins of the carapacial disk
are universally lacking. The available material is consistent with
being referable to the Trionyx triunguis lineage but can only be
diagnosed as Pan-Trionychinae indet. We therefore conclude
that T. pliopedemontana is best considered a nomen dubium,
contrary to more than 100 years of nomenclatural practice.
Instead, we here consider T. pliocenicus to be valid, a taxon his-
torically synonymized with T. pliopedemontana, as this is based
on a nearly complete skeleton (see above). All specimens from
the Neogene of Italy (Portis 1890; Kotsakis 1980, 1985; Girotti 
et al. 2003), France (Depéret and Donnezan 1890–1897;
Bergounioux 1933; Broin 1977), and Romania (Macarovici and
Motas 1965) that were historically affiliated with T. pliopedemon-
tana, mostly using temporal and spatial considerations, are
herein referred to Pan-Trionychinae indet., given that pan-
cyclanorbines seem to be missing in the Neogene of Europe. The
same is true also for what seems to be the last European fossil
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pan-trionychid, a costal fragment and a fragmentary tibia from
the early Pleistocene of Valdarno, Tuscany, Italy, which was orig-
inally described by Portis (1890) and later further described and
attributed to Trionyx cf. pliopedemontana by Kotsakis (1980).

Kuhn (1964) listed pliopedemontana under Testudo, but we
agree with Auffenberg (1974) that this is likely an error.

Trionyx pompignanensis Bergounioux, 1933
nomen dubium

Taxonomic history. Trionyx pompignanensis Bergounioux, 1933
(new species); T. pliopedemontanus � T. blayaci � T. plioceni-
cus � T. pompignanensis � T. rotundiformis Broin 1977 (junior
synonym).

Type material. LG-FSM (holotype), a fragment of a costal
(Bergounioux 1933, pl. 1.2).

Type locality. La Pompignane, Montpellier, Hérault, France
(Bergounioux 1933); Pliocene (Broin 1977).

Comments. For a discussion on Bergounioux’s (1933) material
from Montpellier, France, see Trionyx blayaci above.

Trionyx pontanus Laube, 1895
nomen dubium

Taxonomic history. Trionyx pontanus Laube, 1895 (new
species); Amyda pontanus Comaschi Caria 1959 (new combi-
nation); T. triunguis � T. pontanus � 24 others Karl 1998 (jun-
ior synonym, see Rafetus bohemicus for complete synonym).

Type material. OMM Gpa77 (syntype), a rather complete cara-
pace and its imprint (Laube 1896, pls. 1, 2); unknown collection
(syntype), a complete carapace (Laube 1896, pls. 3, 4).

Type locality. Most (� Brüx), Ústí nad Labem, Czechia (Laube
1895); Most Formation, Burdigalian, early Miocene (Aguilar et
al. 1997).

Comments. Trionyx pontanus is based on two well-preserved,
large (CL almost equal to 40 cm) carapaces from the Miocene of
Czechia that Laube (1895) only introduced briefly but soon after
extensively described and figured (Laube 1896). Trionyx pon-
tanus was originally diagnosed based on sculpturing pattern and
the shape of last neurals and costals (Laube 1895, 1896). Karl
(1998, 1999a) considered T. pontanus to be a junior synonym of
the extant T. triunguis, but Chkhikvadze (1999b) considered T.
pontanus to be the sole European member of Rafetus and the
senior synonym of all early Miocene Czech taxa (T. aspidiformis,
T. bohemicus, T. elongatus, and T. preschenensis). Given that this
taxon is based on carapacial material alone, affinities with Rafe-
tus bohemicus cannot be concluded with certainty, and we herein
consider T. pontanus to be a nomen dubium (see T. vindobonen-
sis and Rafetus bohemicus for more extensive discussions).

Bergounioux (1935) reported the presence of Trionyx pon-
tanus from the late Miocene of Sardinia, but we believe this is be
a typographic error, as it seems more likely that he intended to
mean Trionyx (� Procyclanorbis) sardus (Esu and Kotsakis
1983).

Trionyx portisi Ristori, 1891b
nomen dubium

Taxonomic history. Trionyx portisi Ristori, 1891b (new species).

Type material. Probably IGF (syntype), a rather complete cara-
pace, missing only the nuchal, and parts of neural I and costals
I (Ristori 1895, pl. 2.8); probably IGF (syntype), a carapace frag-
ment (Ristori 1895, pl. 2.12); probably IGF (syntype), a carapace
fragment (Ristori 1895, pl. 2.13).

Type locality. Montebamboli, Tuscany, Italy (Ristori 1891b); MN
12, Tortonian, late Miocene (Chesi 2009).

Comments. For a discussion on material named by Ristori
(1891a, 1891b), from the late Miocene of Tuscany, Italy, see Tri-
onyx bambolii above.

Trionyx preschenensis Laube, 1900
nomen dubium

Taxonomic history. Trionyx preschenensis Laube 1898 (nomen
nudum); T. preschenensis Laube, 1900 (new species); Tryonyx
preschensis Laube 1900 (incorrect spelling); T. preschensis
Reinach 1900 (incorrect spelling of species epithet); Procyclanor-
bis preschenensis Portis 1901 (new combination); T. preschnen-
sis Rieppel 1979 (incorrect spelling of species epithet); T.
triunguis � T. preschenensis � 24 others Karl 1998 (junior syn-
onym, see Rafetus bohemicus for complete synonym).

Type material. NMP 20205 (holotype), negative and positive
imprints of an almost complete carapace, along with remains of
the hyo-hypoplastron (Laube 1900, pls. 1, 2.1).

Type locality. Břestány (� Preschen), near Bilina, Ústí nad
Labem, Czechia (Liebus 1930); Most Formation, MN 3, Burdi-
galian, early Miocene (Aguilar et al. 1997).

Comments. Laube (1898) first introduced the name Trionyx
preschenensis without description or definition, but soon after
formally made the name available (Laube 1900). Portis (1901)
regarded this taxon as a pan-cyclanorbine and included it into
his new genus Procyclanorbis. Chkhikvadze (1999b), on the other
hand, more recently argued that this is a junior synonym of T.
(his Rafetus) pontanus, the only European representative of the
Rafetus lineage. We herein regard T. preschenensis to be a nomen
dubium, as it is based on a juvenile specimen (see T. vindobonen-
sis and Rafetus bohemicus for more extensive discussions).

Trionyx propinquus Ristori, 1891a
nomen dubium

Taxonomic history. Trionyx propinquus Ristori, 1891a (new
species); T. propinquens Bergounioux 1935 (incorrect spelling
of species epithet).

Type material. Probably MSNP (syntype), fragments of a cara-
pace (Ristori 1895, pl. 2.11); MUSNAF (syntype), a partial cara-
pace (Ristori 1895, pl. 5.27).
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Type locality. Near Sienna, Tuscany, Italy (Ristori 1891a, 1895);
Casino Clays, Messinian, late Miocene (Abbazzi et al. 2008).

Comments. For a discussion on material named by Ristori
(1891a, 1891b), from the late Miocene of Tuscany, Italy, see Tri-
onyx bambolii above.

Trionyx pseudovindobonensis Szalai, 1934
nomen dubium

Taxonomic history. Trionyx pseudovindobonensis Szalai, 1934
(new species); Testudo pseudovindobonensis Kuhn 1964 (new
combination); [Trionyx pseudovindobonensis] Farkas 1995
(nomen dubium); Trionyx triunguis � Trionyx pseudovindobo-
nensis � 24 others Karl 1998 (junior synonym, see Rafetus
bohemicus for complete synonym).

Type material. MFGI Ob.3145 (holotype), a left femur fragment
(Szalai 1934, pl. 5, fig. 23; Ml⁄ynarski 1966, fig. 13; Farkas 1995,
fig. 2).

Type locality. Rákos, Budapest, Hungary (Szalai 1934; Ml⁄ynarski
1966); Serravallian, middle Miocene (Farkas 1995).

Comments. Szalai (1934) erected Trionyx pseudovindobonensis
on the basis of a purported humerus from the middle Miocene of
Hungary that he differentiated from that of T. vindobonensis from
the late Miocene of Austria on the basis of the humeral morphol-
ogy. The diagnosis of a species based on a humerus was heavily
criticized by Glaessner (1935), but Ml⁄ynarski (1966) was never-
theless reluctant to reject the validity of this taxon. More recently,
Farkas (1995) challenged the original identification of the holotype
as a right humerus and instead showed that it is in fact a partial left
femur, which still is insufficient to diagnose a valid taxon. After
our personal investigation of the holotype at MFGI, we agree with
Farkas (1995) in considering T. pseudovindobonensis to be a
nomen dubium (also see T. vindobonensis above).

Kuhn (1964) listed the name Testudo pseudovindobonensis
in his compendium, but it is unclear to us if this is an error or if
he truly believe this taxon to be a tortoise (Testudinidae).

Trionyx pustulatus Owen in 
Owen and Bell, 1849

nomen dubium

Taxonomic history. Trionyx pustulatus Owen in Owen and Bell,
1849 (new species); [T. pustulatus] Hummel 1929 (nomen
dubium); Rafetoides henrici � T. pustulatus � 7 others Karl
1998 (junior synonym, see “T.” henrici for complete synonym).

Type material. A costal fragment (holotype) (Owen and Bell
1849, pl. 19b.7–9), whereabouts unknown.

Type locality. A costal fragment (holotype) (Owen and Bell
1849, pl. 19b.7–9; Owen 1849–1884, pl. 31.7–9), whereabouts
unknown.

Comments. Trionyx pustulatus is based on a costal fragment that
was characterized by its distinct, reticulate sculpturing (Owen
and Bell 1849). The holotype was originally held in the collec-

tions of the Marchioness of Hasting, but unlike the remainders
of that collection, this fragment was not transferred to the
BMNH, and we are therefore uncertain as to its whereabouts.
The reticulate sculpturing mentioned by Owen and Bell (1849)
is now considered to be highly variable among pan-trionychids
(Gardner and Russell 1994). Given the highly fragmentary
nature of the lost type specimen, we agree with Hummel (1929)
that this taxon should be regarded as a nomen dubium.

Trionyx ragusensis De Gregorio, 1883
nomen dubium

Taxonomic history. Trionix ragusensis De Gregorio, 1883 (new
species and incorrect spelling of genus name); [Trionyx ragusen-
sis] Kotsakis 1985 (nomen nudum).

Type material. ITCAM (holotype), a carapace (De Gregorio
1883, not figured), probably lost (Kotsakis 1985).

Type locality. Ragusa, Sicily, Italy (De Gregorio 1883, 1892);
Langhian, middle Miocene (Kotsakis 1985).

Comments. De Gregorio (1883) introduced the name Trionix
ragusensis (note the incorrect spelling of the genus name) on the
basis of a carapace that was kept at the Cabinetto di Scienze nat-
urali dell’Istituto tecnico di Modica, in Modica, Sicily, Italy. The
specimen was never figured and is now believed to be lost (Kot-
sakis 1985). In a subsequent publication, De Gregorio (1892)
considered his taxon to share affinities with Trionyx melitensis
(herein considered to be a marine turtle) from nearby Malta, “T.
capellinii” (his T. italicus) from Italy, and “T.” henrici from Eng-
land, but he did not provide any rationale for these affinities and
he only mentioned that he would describe Trionix ragusensis in
detail at a later stage. This unfortunately never happened. Trionix
ragusensis was strangely ignored by Hummel (1929, 1932) and
(Kuhn 1964), but Kotsakis (1985) more recently suggested that
it was never formally described and should therefore be consid-
ered to be a nomen nudum. In our opinion, De Gregorio (1883)
fulfilled the minimum requirements of ICZN (1999) by listing
a single character, which is the size of the holotype specimen
(CL of 25 cm). Given that the description of De Gregorio (1883)
is not informative and that the type is now lost, it is clear that T.
ragusensis must be considered a nomen dubium.

Trionyx reticulatus Rieppel, 1979
nomen dubium

Taxonomic history. Trionyx reticulatus Rieppel, 1979 (new
species).

Type material. PIMUZ A/111 502 (holotype), a well-preserved
carapace, with vertebrae and parts of the shoulder girdle (Riep-
pel 1979, figs. 1, 2).

Type locality. Oerlikon, Zurich, Switzerland (Rieppel 1979);
Upper Freshwater Molasse (Rieppel 1979), Langhian/Serraval-
lian, middle Miocene.

Comments. Trionyx reticulatus is based on a heavily cracked
carapace from the Molasse Basin of Switzerland. Rieppel (1979)
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reported the specimen to be from the late Miocene, but the
updated geological map of Switzerland provides a middle
Miocene age of sediments exposed in the town of Oerlikon. This
species is partially diagnosed based on the presence of an
extremely elongate neural I, but we do not believe this to be fac-
tual, but rather an artifact resulting from the preparation and
restoration of the type specimen. According to the rationale we
developed herein, we disregard this taxon from nomenclatural
consideration, as we conclude that isolated carapaces from
Europe are not sufficient to diagnose a valid taxon (see T. vin-
dobonensis above for a more extensive discussion).

Trionyx rivosus Owen in Owen and Bell, 1849
nomen invalidum

(junior synonym of “Trionyx” henrici Owen in
Owen and Bell, 1849)

Taxonomic history. Trionyx rivosus Owen in Owen and Bell, 1849
(new species); Rafetoides henrici � T. rivosus � 7 others Karl 1998
(junior synonym, see “T.” henrici for complete synonym).

Type material. BMNH R30405 (holotype), posterior part of a
carapace of a juvenile individual (Owen and Bell 1849, pl. 18a;
Owen 1849–1884, pl. 29).

Type locality. Hordle (� Hordwell) Cliff, Hampshire, United
Kingdom (Owen and Bell 1849); Totland Bay Member, Headon
Hill Formation, Priabonian, late Eocene (Benton and Spencer
1995).

Comments. Trionyx rivosus is known from a single, fragmen-
tary carapace that was originally diagnosed on the basis of its
distinctive carapacial sculpturing (Owen and Bell 1849).
Lydekker (1889a) suggested that T. rivosus could be a junior syn-
onym of the sympatric T. planus (herein considered a junior syn-
onym of “T.” henrici) and attributed differences to ontogeny,
with the former representing a younger individual of the latter.
For a more extensive discussion regarding pan-trionychid mate-
rial from the late Eocene of England, see “T.” henrici above.

Trionyx rocchettiana Portis, 1882
nomen dubium

Taxonomic history. Trionyx rocchettiana Portis, 1882 (new
species); T. rochettianus Harrassowitz 1919 (incorrect spelling
of species epithet); T. rocchettianus Hummel 1932 (emended
spelling of species epithet); T. rochettiana Rieppel 1979 (incor-
rect spelling of species epithet).

Type material. MGL 8895 (syntype), anterior part of a carapace
(Portis 1882, pl. 24); MGL 8894 (syntype), central portion of a
carapace (Portis 1882, pl. 25).

Type locality. La Rocchette (� Rochette) Locality, Belmont,
Vaud, Switzerland (Portis 1882); MP 29, Chattian, late Oligocene
(Berger 1998).

Comments. Portis (1882) formally named three pan-triony-
chid taxa based on abundant fossil material from La Rocchette,

Switzerland. Of these, Trionyx rocchettiana is based on the
most fragmentary material. We herein consider this taxon to
be a nomen dubium, as the type material is fully insufficient to
diagnose a valid species (see T. valdensis for more extensive
discussion).

Trionyx roncensis Harrassowitz, 1919
nomen dubium

Taxonomic history. Trionyx roncensis Harrassowitz, 1919 (new
species); [T. roncensis] Hummel 1929 (nomen dubium); Amyda
roncensis Bergounioux 1934b (new combination).

Type material. MGPT-PU (holotype), a carapace fragment (Por-
tis 1885, pl. 11.1; Harrassowitz 1919), probably lost.

Type locality. Roncà, Veneto, Italy (Harrassowitz 1919); Barton-
ian, middle Eocene (Kotsakis 1977, 1985).

Comments. Harrassowitz (1919) established Trionyx roncensis
on the basis of a rather fragmentary specimen, which was orig-
inally figured by Portis (1885) but now seems to be lost, as we
were not able to find this specimen during a recent visit to
MGPT-PU. The new taxon was differentiated from other pan-
trionychids solely by its sculpturing pattern, despite the fact that
Harrassowitz (1919) himself pointed out the dubious nature of
this feature. Hummel (1929) considered this taxon to bear strong
resemblance to the German “T.” messelianus. Kotsakis (1977,
1985) considered the status of this species as uncertain and
doubtful, noting that the remains could not be identified beyond
the genus level of Trionyx. Differences with “T.” capellinii in cara-
pace sculpturing , however, lead Kotsakis (1985) to believe that
T. roncensis could represent a distinct species. Such differences
in sculpturing are now considered to be a character that is highly
variable within species (Vitek and Joyce 2015). Given the frag-
mentary nature of the type specimen, we therefore regard T. ron-
censis to be a nomen dubium.

Trionyx rostratus Arthaber, 1898
nomen invalidum

(junior synonym of T. vindobonensis 
Peters, 1855)

Taxonomic history. Trionyx rostratus Arthaber, 1898 (new
species); Amyda cartilaginea � T. rostratus � T. trinilensis Karl
1998 (junior synonym).

Type material. IPUW 1897 IV (holotype), a skeleton, including
most of the skull, mandible, and carapace, a fragment of an epi-
plastron, the hyoids, vertebrae, and several limb elements
(Arthaber 1898, pls. 25–28; Hummel 1927, pl. 2.6; Karl 1998,
pls. 1.2, 2, 3, 4.3, 4.4).

Type locality. Au am Leithaberge (� Au am Leithagebirge),
Lower Austria, Austria (Arthaber 1898); early Tortonian, late
Miocene (Karl 1999a).

Comments. Among Miocene trionychids from central Europe,
the holotype of Trionyx rostratus stands out by consisting of a
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relatively complete skeleton that includes a skull and mandible.
Given the complete nature of the type specimen, the validity of
this species remained unchallenged historically. However, Karl
(1998) recently highlighted that the name T. rostratus could be
considered preoccupied by Testudo rostrata Thunberg, 1787, as
this is a suppressed junior synonym of the extant trionychid
Pelodiscus sinensis Wiegmann, 1835. We here, however, consider
this name to be available, as Thunberg’s (1787) taxon is now
associated with Pelodiscus, not Trionyx, its historical generic
placement. Karl (1998, 1999a) furthermore referred the type
specimen of T. rostratus to the extant southeast Asian taxon
Amyda cartilaginea. We here nevertheless synonymize this
species with T. vindobonensis (see above).

Trionyx rotundiformis Bergounioux, 1933
nomen dubium

Taxonomic history. Trionyx rotundiformis Bergounioux, 1933
(new species); T. rotondiformis Bergounioux 1958 (incorrect
spelling of species epithet); T. pliopedemontanus � T. blayaci �
T. pliocenicus � T. pompignanensis � T. rotundiformis Broin
1977 (junior synonym).

Type material. CPS-UL 92864 (holotype), an incomplete cara-
pace (Bergounioux 1933, fig. 2, pl. 2.2).

Type locality. Montpellier, Hérault, France (Bergounioux 1933);
MN 14, Zanclean, early Pliocene (Hervet 2004).

Comments. Bergounioux (1933) established Trionyx rotundi-
formis on the basis of a single, incomplete carapace from the
Pliocene of Montpellier, France, that he diagnosed relative to
other trionychids by minor differences in the shape of the
costals, neurals, and sculpturing pattern. For a discussion on tri-
onychid material from Montpellier, France, described by
Bergounioux (1933), see T. blayaci above.

Trionyx schaurothianus Negri, 1893
nomen invalidum

(junior synonym of “T.” capellinii Negri, 1892)

Taxonomic history. Trionyx schaurothianus Negri, 1893 (new
species); T. capellinii schaurothiames Bergounioux 1934b (incor-
rect spelling of subspecies epithet); T. capellinii schaurotianus
Bergounioux 1958 (incorrect spelling of subspecies epithet); T.
capellinii schaurothiana Kuhn 1964 (emended spelling of sub-
species epithet); T. c. montevialensis � T. c. gracilina � T. c. per-
expansa � T. c. schaurothianus � T. insolitus � [T. italicus]
Kotsakis 1977 (junior synonym); T. italicus � T. c. montevialen-
sis � T. c. schaurothianus � T. c. gracilina � T. c. perexpansa �
T. insolitus Kotsakis 1985 (junior synonym).

Type material. MGP-PD 10818Z (holotype), a complete skele-
ton in dorsal view, including the skull, carapace, a hyo-hypoplas-
tron, limb elements, and caudal vertebrae (Negri 1893, pl. 2;
Bergounioux 1954, fig. 24, pl. 12; Kotsakis 1977, fig. 3i; Pandolfi
et al. 2017, fig. 7b).

Type locality. Monteviale, Veneto, Italy (Negri 1893); MP 21,
early Rupelian, early Oligocene (Pandolfi et al. 2017).

Comments. Negri (1893) established Trionyx schaurothianus on
the basis of an unusually well-preserved fossil pan-trionychid
from the early Oligocene of Monteviale, Italy. For a discussion on
pan-trionychid material from this locality, see “T.” capellinii
above.

Trionyx sculptus Gilmore, 1931
nomen dubium

Taxonomic history. Trionyx sculptus Gilmore, 1931 (new
species); Aspideretes sculptus Yeh 1963 (new combination).

Type material. AMNH 6700 (holotype), a carapace, lacking the
nuchal and the distal ends of many of the costals (Gilmore 1931,
pl. 10).

Type locality. Tairum Nor, Inner Mongolia, China (Gilmore
1931); Tunggur Formation, Serravallian, middle Miocene
(Wang et al. 2003).

Comments. Trionyx sculptus is based on a partial carapace from
Inner Mongolia, China, that was originally believed to be
Pliocene (Gilmore 1931), but more recently clarified to be mid-
dle Miocene in age (Wang et al. 2003). Although the anterior
portion of the carapace is missing, Gilmore (1931) believed this
specimen to once have possessed a preneural, a view later
adopted by Yeh (1963), who reassigned this taxon to Nilssonia
(his Aspideretes). Judging from photographs of the holotype, we
cannot refute nor confirm the presence of a preneural. In addi-
tion, given that the remainder of the carapace does not display
a sufficient amount of character evidence to support its validity,
we here consider this taxon to be a nomen dubium.

Trionyx senckenbergianus Reinach, 1903
nomen dubium

Taxonomic history. Trionyx senckenbergianus Reinach, 1903
(new species); [T. senckenbergianus] Dacqué 1912 (nomen
dubium); T. triunguis � T. senckenbergianus � 24 others Karl
1998 (junior synonym, see Rafetus bohemicus for complete 
synonym).

Type material. SMF R430 (syntype), a fragment of a right
hyoplastron (Reinach 1903, pl. 17.6); SMF (syntype), a costal
fragment (Reinach 1903, pl. 17.5); SMF (syntype), a costal frag-
ment (Reinach 1903, pl. 17.2).

Type locality. Wadi Moghra (� Moghara), Matruh Gover-
norate, Egypt (Reinach 1903); Burdigalian, early Miocene (Lap-
parent de Broin 2000).

Comments. It is notable that most of the pan-trionychid fossils
from Africa either have not been identified beyond the family
level or have been assigned to extant taxa, even though most of
them are not subfossils (e.g., Lapparent de Broin 2000). Trionyx
senckenbergianus is one of few named fossil pan-trionychid taxa
from Africa. Reinach (1903) mostly differentiated his new
species on the basis of shell sculpturing and the shape of the
costals, but these characters are now understood to be highly
variable (Meylan 1987; Gardner and Russell 1994). Indeed, soon
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after the original description of T. senckenbergianus, Dacqué
(1912), Hummel (1929), and Wood (1979) doubted its validity,
likely as it is based on an assortment of fragments. We fully agree
with this opinion and therefore regard this taxon to be a nomen
dubium.

Trionyx senensis Ristori, 1891b
nomen dubium

Taxonomic history. Trionyx senensis Ristori, 1891b (new
species).

Type material. IGF (syntype), an almost complete carapace (Ris-
tori 1895, pl. 2.7); probably IGF (syntype), a carapace fragment,
containing the last neurals (Ristori 1895, pls. 1.5, 2.10); proba-
bly IGF (syntype), a carapace fragment in visceral view, along
with parts of vertebrae and pectoral girdle (Ristori 1895, pl. 1.6).

Type locality. Montebamboli, Tuscany, Italy (Ristori 1895; Kot-
sakis 1985); Tortonian, late Miocene (Chesi 2009).

Comments. For a discussion on material from the late Miocene
of Tuscany named by Ristori (1891a, 1891b), see Trionyx bam-
bolii above.

Trionyx septemcostatus Hoernes, 1881
nomen invalidum

(junior synonym of T. vindobonensis 
Peters, 1855)

Taxonomic history. Trionyx septemcostatus Hoernes, 1881 (new
species); T. septemradiatus Portis 1901 (incorrect spelling of
species epithet); T. septemcostata Liebus 1930 (incorrect spelling
of species epithet); T. triunguis � T. septemcostatus � 24 others
Karl 1998 (junior synonym, see Rafetus bohemicus for complete
synonym).

Type material. UMJGP 200698 (holotype), a partial shell
(Hoernes 1881, fig. 3; Heritsch 1909, fig. 1, pl. 9.2; Gross 2002,
pl. 14.4).

Type locality. Eibiswald, Styria, Austria (Hoernes 1881);
Eibiswald Formation, MN 5, early Langhian, middle Miocene
(Aguilar et al. 1997).

Comments. Trionyx septemcostatus was established on the basis
of a small (CL of 23 cm), partial shell (Hoernes 1881) from the
Miocene locality of Eibiswald, Austria. The same locality also
produced the type series of T. petersi (herein considered a jun-
ior synonym of T. vindobonensis), which is almost identical to T.
septemcostatus with exception of the presence of eight costals,
instead of the seven apparent in T. septemcostatus. The presence
of seven costals was considered to be unique among European
pan-trionychids and prompted early workers to speculate affini-
ties with the North American Platypeltis (� Apalone) (Hummel
1932), which is characterized, among others, by regularly pos-
sessing only seven costals (Hay 1908). It is now known, how-
ever, that the number of costals is variable among some extant
trionychids and that a reduced number by itself is not diagnos-

tic. Indeed, the most posterior pair of costals is rather large in the
type specimen, and we therefore also see the possibility that the
posterior two pairs of costals fused with one another. According
to the rationale we outlined above, we here consider T. septem-
costatus to be a junior synonym of T. vindobonensis. For a more
extensive discussion, please refer to the latter taxon above.

Trionyx siegeri Heritsch, 1909
nomen dubium, designation of lectotype

Taxonomic history. Trionyx siegeri Heritsch, 1909 (new species);
T. petersi siegeri Mottl 1967 (referral to subspecies level); T. tri-
unguis � T. siegeri � 24 others Karl 1998 (junior synonym, see
Rafetus bohemicus for complete synonym).

Type material. UMJGP 200710 (lectotype), a partial carapace
(Heritsch 1909, pl. 11.4; Gross 2002, pl. 15.1); UMJGP 200707
(paralectotype), carapace fragments, likely a chimera (Gross
2002, pl. 15.2).

Type locality. Vordersdorf, Wies, Styria, Austria (Heritsch 1909);
Eibiswald Formation, MN 5, early Langhian, middle Miocene
(Aguilar et al. 1997).

Comments. Trionyx siegeri is only known from an incomplete
carapace from the Miocene of Styria, Austria (Heritsch 1909).
Mottl (1967) believed T. siegeri to be a subspecies of T. petersi,
whereas Karl (1998) synonymized it with the extant T. triunguis.
Gross (2002) noted that one of the two syntypes represents a
chimera consisting of a pan-trionychid and a chelydrid. We
therefore render the other specimen as the lectotype for the sake
of nomenclatural clarity. We nevertheless consider T. siegeri to be
a nomen dubium, as it is only based on carapacial material (see
T. vindobonensis above for more extensive justification).

Mottl (1967) attributed several fossils from the middle
Miocene of Carinthia, Austria, to Trionyx petersi siegeri. Of these,
we refer all specimens that include plastral elements diagnostic
for the T. triunguis lineage to T. vindobonensis but consider all
specimens lacking plastral material as indeterminate pan-
trionychines.

Trionyx sinuosus Chow and Yeh, 1958
nomen dubium

Taxonomic history. Trionyx sinuosus Chow and Yeh, 1958 (new
species); Aspideretes sinuosus Yeh 1963 (new combination).

Type material. IVPP V 944 (holotype), anterior two-thirds of
carapace (Chow and Yeh 1958, figs. 1, 2).

Type locality. Kengsiu (� Gensiu), Yushe County, Shanxi
Province, China (Chow and Yeh 1958; Ye 1994); late Pliocene
or early Pleistocene (Rhodin et al. 2015).

Comments. Trionyx sinuosus is based on a partial shell from the
Plio-Pleistocene of Shanxi, China (Chow and Yeh 1958), a
province within the current range of the extant Pelodiscus sinen-
sis (TTWG 2014). Chow and Yeh (1958) noted a resemblance
with Nilssonia (their Aspideretes) but also stated that the 
preneural, which is the most diagnostic character for this clade,
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cannot be clearly distinguished in this specimen. Judging from
the figures, we cannot confirm the presence of a preneural either
but instead note that the specimen is consistent with the mor-
phology of the Pelodiscus lineage by being relatively small and by
showing open suprascapular fontanelles (Meylan 1987). How-
ever, the specimen is too fragmentary to allow rigorously dis-
tinguishing it from the extant Pelodiscus sinensis and the
Pliocene Pelodiscus gracilia (see above). We therefore consider
the type to be an indeterminate representative of the Pelodiscus
lineage and the taxon to be a nomen dubium.

Trionyx sophiae Heritsch, 1909
nomen dubium

Taxonomic history. Trionyx sophiae Heritsch, 1909 (new
species); T. triunguis � T. sophiae � 24 others Karl 1998 (junior
synonym, see Rafetus bohemicus for complete synonym).

Type material. UMJGP 200700 (holotype), the carapace of a
juvenile and associated plastral fragments (Heritsch 1909, pl.
11.3; Gross 2002, pl. 15.3).

Type locality. Eibiswald, Styria, Austria (Heritsch 1909);
Eibiswald Formation, MN 5, early Langhian, middle Miocene
(Aguilar et al. 1997).

Comments. Trionyx sophiae is known from a single, oval-shaped
carapace, which is only 14.3 cm long and 11.5 cm wide (Her-
itsch 1909), that Mottl (1967) suggested to be a juvenile form of
T. petersi, which is herein considered to be a junior synonym of
T. vindobonensis. We conclude here, however, that T. sophiae is
a nomen dubium, as it is both a juvenile and consists only of
carapacial material (see T. vindobonensis for a more extensive
discussion).

Trionyx stadleri Teppner, 1913
nomen dubium

Taxonomic history. Trionyx stadleri Teppner, 1913 (new
species); T. triunguis � T. stadleri � 24 others Karl 1998 (junior
synonym, see Rafetus bohemicus for complete synonym).

Type material. UMJGP 11831 (holotype), a nearly complete
carapace (Teppner 1913, fig. 1; Jurkovšek and Kolar-Jurkovšek
1994, pl. 1.1; Ramovš 1974, fig. 417; Paunović 1986, fig. 1; Gross
2002, pl. 16.1; Karl 2007, pl. 3.1).

Type locality. Trbovlje (formerly known as Trifail), Central Sava,
Slovenia (Hoernes 1882; Teppner 1913); Trbovlje Formation,
late Chattian, late Oligocene (Gross 2002).

Comments. Trionyx stadleri is based on a carapace from the late
Oligocene of Slovenia (Teppner 1913) that was initially diag-
nosed based on characters now known to be highly variable
within extant trionychids, such as the shape of the nuchal, neu-
rals, and costals and the sculpturing of the shell. Given that the
posterior margin of the shells seems to be damaged, we here
conclude that this specimen can be identified as an indetermi-
nate pan-trionychine at best. We therefore consider this taxon to
be a nomen dubium.

Trionyx stiriacus Peters, 1855
nomen dubium, designation of lectotype

Taxonomic history. Trionyx stiriacus Peters, 1855 (new species);
Tryonix stiriacus Portis 1879 (incorrect spelling of genus name);
T. styriacus Hoernes 1881, Peters 1881 (incorrect spelling of
species epithet); T. stiriaca Toula 1882 (incorrect spelling of
species epithet); T. triunguis � T. stiriacus � 24 others Karl 1998
(junior synonym, see Rafetus bohemicus for complete synonym).

Type material. UMJGP 5847 (lectotype), a partial carapace
(Peters 1855, pl. 4.1, 3; Gross 2002, pl. 16.2); UMJGP 1776 (para-
lectotype), carapace and plastral fragments, counterpart of
UMJGP 1777 (Peters 1855, pl. 6.2, 4, 6; Gemel 2002, pl. 2.d;
Gross 2002, pl. 16.3); UMJGP 1777 (paralectotype), carapace
and plastral fragments, counterpart of UMJGP 1776 (Peters
1855, pl. 6.1, 3, 5; Gross 2002, pl. 16.4).

Type locality. Schönegg, Pölfing-Brunn, Styria, Austria (Peters
1855; Gross 2002); Eibiswald Formation, MN 5, early Langhian,
middle Miocene (Aguilar et al. 1997).

Comments. Trionyx stiriacus is one of the first named trionychids
from the Miocene of central Europe. It has therefore been exten-
sively discussed in the literature, though often using the wrong
spelling “styriacus” (Peters 1881; Hoernes 1881, 1882; Depéret
and Donnezan 1890–1897; Negri 1892; Laube 1895; Ristori 1895;
Arthaber 1898; Reinach 1900; Heritsch 1909; Ammon 1911;
Liebus 1930; Bergounioux 1935; Kuhn 1964; Tuna 1988; Lappar-
ent de Broin 2001; Danilov et al. 2011), probably because Peters
(1855) himself used the spelling “styriacus” in the plate accom-
panying the original publication. Given the central importance of
T. stiriacus to the taxonomy of Miocene trionychids, we here des-
ignate one of the three syntypes as the lectotype, because the syn-
type material consists of dissociated specimens that well may
represent a chimera. As a result, however, T. stiriacus is rendered
a nomen dubium, because we conclude the lectotype is insuffi-
cient to diagnose a taxon, as it is only a partial carapace. The lec-
totype and both paralectotypes are herein identified as
indeterminate pan-trionychines. For a more extensive discussion
regarding our rationale, see T. vindobonensis above.

Trionyx stormsi Delheid, 1899
nomen dubium

Taxonomic history. Trionyx stormsi Delheid, 1899 (new species);
[T. stormsi] Hummel 1929 (nomen dubium).

Type material. IRSNB R 354a–c (holotype), four costal frag-
ments (Delheid 1899, not figured).

Type locality. Boom clay, Boom or Terhaegen, Antwerp, Bel-
gium (Delheid 1899); Boom Formation, Rupelian, early
Oligocene (Mayr and Smith 2012).

Comments. Trionyx stormsi is based on four costal fragments
that were never figured, but briefly described (Delheid 1899),
and this action therefore fulfills the minimum requirements of
the ICZN (1999) for the availability of names published prior to
1931. There was no indication about where the material was
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housed, but we were able to locate carapace fragments from
Boom in the collections of IRSNB that are labeled T. stormsi and
that correspond to the brief description of Delheid (1899),
although repair to the specimens resulted in a different count of
bones (T. Smith and A. Folie, pers. comm., 2016). We consider
this material to be the holotype of T. stormsi. Although the mate-
rial without doubt pertains to an indeterminate pan-trionychid,
we here consider T. stormsi to be a nomen dubium.

Trionyx subangularis Bergounioux, 1954
nomen dubium

Taxonomic history. Trionyx subangularis Bergounioux 1953
(nomen nudum); T. subangularis Bergounioux, 1954 (new
species).

Type material. MGP-PD 26565 (holotype), a partial carapace
and its imprint (Bergounioux 1954, figs. 35, 36, pls. 18, 19).

Type locality. Bolzano Bellunense, Veneto, Italy (Bergounioux
1954); Burdigalian, early Miocene (Kotsakis 1985).

Comments. Trionyx subangularis is based on a moderately sized
specimen (CL of 29 cm) that was initially diagnosed as a new
taxon by the shape of its carapace and the number, shape, and
size of the neurals and costals (Bergounioux 1954). Kotsakis
(1985) tentatively considered this taxon to be valid and distin-
guished it from other pan-trionychids on the basis of shell orna-
mentation and the number and morphology of the neurals.
However, these characters have since been shown to be highly
variable within many extant trionychid species (Meylan 1987;
Vitek and Joyce 2015). Our firsthand observation of the holotype
reveals that it lacks characters that would allow identifying it
beyond Pan-Trionychinae indet. We therefore here consider T.
subangularis to be a nomen dubium.

Trionyx teiritzbergensis Gemel, 2002
nomen invalidum

(junior synonym of T. vindobonensis 
Peters, 1855)

Taxonomic history. Trionyx teiritzbergensis Gemel, 2002 (new
species).

Type material. NOLM F/4972 (holotype), an almost complete
hypoplastron (Gemel 2002, pls. 1.2, 2.a, 3.1).

Type locality. Teiritzberg, Lower Austria, Austria; Burdigalian,
early Miocene (Gemel 2002).

Comments. Trionyx teiritzbergensis was only recently established
on the basis of a single hypoplastron from the early Miocene of
Austria that was thought to show an unusually low angle
between the processus lateralis and the longitudinal axis of the
hypoplastron (Gemel 2002). We do not find this characteristic
to be either particularly apparent or of any systematic value and
therefore attribute this material to T. vindobonensis, which is typ-
ified on slightly younger material from the same basin. For a
more extensive discussion, see T. vindobonensis above.

Trionyx teyleri Winkler, 1869a
nomen invalidum

(junior synonym of T. vindobonensis 
Peters, 1855)

Taxonomic history. Trionyx teyleri Winkler, 1869a (new species);
Tryonix teyleri Portis 1879 (incorrect spelling of genus name); T.
tayleri Laube 1896 (incorrect spelling of species epithet); T. tri-
unguis � T. teyleri � 24 others Karl 1998 (junior synonym, see
Rafetus bohemicus for complete synonym).

Type material. TM 8446 (holotype), fragments of a skull,
mandible, hyoids, plastron, limbs, and cervical vertebrae (Win-
kler 1869a, pl. 15.51, 51a).

Type locality. Öhningen (� Oeningen or Oehningen), Baden-
Württemberg, Germany (Winkler 1869a); MN 7+8, Serraval-
lian, middle Miocene (Aguilar et al. 1997).

Comments. Trionyx teyleri is based on a single, incomplete skele-
ton that was characterized by its prominent plastral sculpturing,
hyo-hypoplastron morphology, a pointed, triangular skull, and
long cervical vertebrae (Winkler 1869a). However, the listed
shell characters are now known to be highly variable (Meylan
1987; Gardner and Russell 1994), whereas the skull is badly
crushed and therefore not informative. Trionyx teyleri is notable
in that it possesses a single lateral hyoplastral process, at least
judging from the figures (Winkler 1869a), which is typical for
North American pan-trionychids (Vitek and Joyce 2015) but
has never been described in European forms. However, inaccu-
racies credited to the fantasy of 19th-century lithographers have
been documented repeatedly for turtles (e.g., Anquetin and
Joyce 2014) and snakes (e.g., Georgalis et al. 2016a), among oth-
ers, and we therefore are skeptical about the accuracy of this
observation. We therefore attribute this material to T. vindobo-
nensis (also see T. vindobonensis above).

Trionyx trinilensis Jaekel, 1911
nomen invalidum

(junior synonym of Amyda cartilaginea 
[Boddaert, 1770])

Taxonomic history. Trionyx trinilensis Jaekel, 1911 (new species);
[T. trinilensis] Hummel 1929 (nomen dubium); T. carti-
lagineus � T. trinilensis Karl 1987 (junior synonym); Amyda car-
tilaginea � T. rostratus � T. trinilensis Karl 1998 (junior
synonym).

Type material. MB R.2754.1-2 (holotype), an epiplastron and
entoplastron (Jaekel 1911, pl. 15.12, 13).

Type locality. Trinil, Java, Indonesia (Jaekel 1911); Pithecanthro-
pus Trinil Beds, Pleistocene (Rhodin et al. 2015).

Comments. Jaekel (1911) based Trionyx trinilensis on an epiplas-
tron and entoplastron but furthermore referred cervical verte-
brae, two scapulae, and tibial fragments to this species. All
elements show strong resemblance with the extant Amyda carti-
laginea, and the nuanced characters that were used by Jaekel
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(1911) to distinguish this taxon can be attributed to intraspecific
variation. As such, T. trinilensis is herein considered a junior syn-
onym of the extant Amyda cartilaginea, as was initially proposed
by Karl (1987) and more recently confirmed by Rhodin et al.
(2015). It is worth noting that the extant populations of Amyda
were recently shown to be genetically diverse. As a result, the type
species Amyda cartilaginea is now confined to the islands of
Indonesia, whereas the name Amyda ornata was resurrected
from synonymy for the populations on the Asian mainland (Fritz
et al. 2014). In light of these new insights, we here still support the
synonymy of T. trinilensis with Amyda cartilaginea but note that
this decision is based on geographic concerns.

Trionyx tshelkarensis Chkhikvadze 1973
nomen nudum

Material. None discussed or designated.

Locality. Chelkar-Teniz Lake (� Tshelkar), Karagandy Region,
Kazakhstan (Chkhikvadze 1973); Chelkarnurinskaya suite, late
Eocene to Oligocene (Vitek and Danilov 2015).

Comments. Trionyx tshelkarensis was simply mentioned by
Chkhikvadze (1973) in a taxonomic list of Asian trionychids cit-
ing his unpublished thesis of 1972. The name has otherwise not
appeared again in the chelonian literature and therefore must
be considered a nomen nudum.

Trionyx turgaicus Kuznetsov and 
Chkhikvadze, 1977
nomen invalidum

(junior synonym of “T.” ninae 
[Chkhikvadze, 1971])

Taxonomic history. Trionyx turgaicus Kuznetsov and Chkhik-
vadze, 1977 (new species); T. turgaica Kuznetsov 1978 (unjusti-
fied emendation of spelling of species epithet); Palaeotrionyx
turgaicus Chkhikvadze and Shuvalov 1988 (new combination
and incorrect spelling of genus name); Rafetus turgaicus Chkhik-
vadze 1989 (new combination); Ulutrionyx turgaicus Kordikova
1994a (new combination); Yuen turgaicus Chkhikvadze 2007
(new combination); Oscaria turgaicus Chkhikvadze 2010 (new
combination); Ulutrionyx ninae � T. turgaicus � T. zaisanensis
Vitek and Danilov 2015 (junior synonym).

Type material. IPGAS C-5-3 (holotype), an almost complete
shell, skull fragments, and limb elements of one individual
(Kuznetsov and Chkhikvadze 1977, pls. 1.1–10, 2.1–5;
Kuznetsov 1978, pl. 4.1, 2, 4, 6–10).

Type locality. Donguz Tau, Karagandy Region, Kazakhstan
(Kuznetsov and Chkhikvadze 1977; Vitek and Danilov 2015);
Chelkarnurinskaya suite, late Eocene to Oligocene (Vitek and
Danilov 2015).

Comments. Trionyx turgaicus is based on a partial skeleton from
the Paleogene of Kazakhstan. This is yet another Asian taxon
with a complicated nomenclatural history, as it was initially
referred to Trionyx (Kuznetsov and Chkhikvadze 1977) but later

variously referred to Paleotrionyx (Palaeotrionyx of Chkhikvadze
and Shuvalov 1988), Rafetus (Chkhikvadze 1989), Ulutrionyx
(Kordikova 1994a), Yuen (Chkhikvadze 2007), and Oscaria
(Chkhikvadze 2010).

Trionyx turgaicus is overall similar to the temporally and spa-
tially close “T.” ninae but notably lacks a suture between the nuchal
and costals. Vitek and Danilov (2015) more recently noted that
this is an ontogenetic feature typical of juvenile individuals. More-
over, given that the type of T. turgaicus belongs to a small individ-
ual, Vitek and Danilov (2015) concluded that this taxon is an
ontogenetic variant of “T.” ninae and therefore its junior synonym
(also see “T.” ninae above). We here agree with that assessment.

Trionyx ubeensis Chitani, 1925
nomen dubium

Taxonomic history. Trionyx ubeensis Chitani, 1925 (new
species).

Type material. GSJ (holotype), a partial carapace (Chitani 1925,
unnumbered figure), destroyed by fire (Hirayama 2007).

Type locality. Ube coal mine, Yamaguchi, Japan (Chitani 1925);
Ube Group, Priabonian, late Eocene (Hirayama 2007).

Comments. Trionyx ubeensis is known from a fragmentary cara-
pace (CL approximately 40 cm), consisting of the nuchal, neu-
rals I and II, right costals I–III and VI–VIII, and fragments of the
left side of the shell (Chitani 1925). According to the type
description, this taxon can be differentiated from T. desmostyli
from the Miocene of Japan and T. hilberi from the Miocene of
Europe, both of which are herein considered to be nomina
dubia, by having an anteriorly convex shell and variations to the
shape and contacts of the neurals and costals. All of these char-
acters are now considered to be highly variable within pan-tri-
onychids (Meylan 1987; Gardner and Russell 1994). Moreover,
the type and only known specimen is now destroyed (Hirayama
2007). All of these factors prompt us to regard this as an indeter-
minate pan-trionychid and T. ubeensis as a nomen dubium.

Trionyx valdensis Portis, 1882
nomen dubium

Taxonomic history. Trionyx valdensis Portis, 1882 (new species).

Type material. MGL 8898 (holotype), a carapace (Portis 1882, pl.
26).

Type locality. La Rocchette (� Rochette) Locality, Belmont,
Vaud, Switzerland (Portis 1882); MP 29, Chattian, late Oligocene
(Berger 1998).

Comments. A significant number of pan-trionychid fossils have
been unearthed from the late Oligocene locality of La Rocchette,
Switzerland (Portis 1882). Among these, Portis (1882) described
three supposedly distinct species, namely Trionyx lorioli, T. roc-
chettiana, and T. valdensis, which he differentiated from one
another by the shape of the nuchal, the shape of neural I, the
number of costals, and carapacial sculpturing. In our assessment,
the posterior region of the type of T. valdensis is damaged, and we
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therefore doubt that this specimen shows a reduced costal count,
whereas all other listed differences are now known to be variable
within extant pan-trionychid species (Meylan 1987; Gardner and
Russell 1994). We therefore treat the La Rocchette pan-triony-
chid fauna as a monospecific assemblage. We nevertheless con-
sider all material from Rochette to be undiagnostic at the species
level, because all specimens lack plastral elements or the posterior
margin of the carapace. We therefore refer all to Pan-Trionychi-
dae indet. and declare all three taxa to be nomina dubia.

Trionyx zaisanensis Chkhikvadze, 1973
nomen invalidum

(junior synonym of “T.” ninae 
[Chkhikvadze, 1971])

Taxonomic history. Trionyx zaisanensis Chkhikvadze, 1973
(new species); Palaeotrionyx zaisanensis Chkhikvadze and Shu-
valov 1988 (new combination and incorrect spelling of genus
name); Rafetus zaisanensis Chkhikvadze 1989 (new combina-
tion); Eurycephalochelys zaisanensis Kordikova and Chkhik-
vadze 1990 (new combination); Ulutrionyx zaisanensis
Kordikova 1994a (new combination); Yuen zaisanensis Chkhik-
vadze 2007 (new combination); Oskaria zaisanensis Chkhik-
vadze 2008b (new combination and incorrect spelling of genus
name); Ulutrionyx ninae � T. turgaicus � T. zaisanensis Vitek
and Danilov 2015 (junior synonym).

Type material. IPGAS Z-34-6 (holotype), a medial half of a
hypoplastron (Chkhikvadze 1973, fig. 4, pl. 5; Kuznetsov 1978,
pl. 14.5; Kordikova 1994a, fig. 2; Chkhikvadze 2008a, figs. 2, 3).

Type locality. Kiin-Kerish, East Kazakhstan Region, Kaza-
khstan (Chkhikvadze 1973; Vitek and Danilov 2015); Kus-
tovskaya suite, Kusto Formation, late Eocene–Oligocene (Vitek
and Danilov 2015).

Comments. Trionyx zaisanensis is based on the medial half of a
hypoplastron from the Paleogene of Kazakhstan (Chkhikvadze
1973). According to its type description, T. zaisanensis differs
from the temporally and spatially close “T.” ninae by having a
more massive shell and longer posteromedial processes of the
hypoplastron (Chkhikvadze 1973). Vitek and Danilov (2015)
more recently casted doubt on the usefulness of these charac-
ters, noting that it was in fact “T.” ninae that possesses the larger
carapace, but they nevertheless considered the apparent differ-
ence to be of dubious utility and both taxa to be synonyms. We
acknowledge that the available material of T. zaisanensis is frag-
mentary, but the close resemblance and the stratigraphic and
geographic proximity with the type of Ulutrionyx ninae prompt
us to concur with the assessment of Vitek and Danilov (2015;
see Ulutrionyx ninae above). We therefore agree that T. zaisa-
nensis is a junior synonym of “T.” ninae.

Trionyx zakhidovi Khosatzky, 1966
nomen dubium

Taxonomic history. Trionyx zakhidovi Khosatzky, 1966 (new
species); Paleotrionyx riabinini � T. zakhidovi Chkhikvadze
2007 (junior synonym); [T. zakhidovi] Vitek and Danilov 2010
(nomen dubium).

Type material. CCMGE 411/1341 (holotype), a right femur
(Khosatzky 1966, fig. 2; Danilov and Vitek 2013, fig. 23.3i).

Type locality. Kyrkkuduk well (� Sary-Agach � Kyrkkuduk I),
South Kazakhstan Region, Kazakhstan (Khosatzky 1966; Vitek
and Danilov 2010); Syuk-Syuk Formation or lower part of the
Darbaza Formation, Santonian or Campanian, Late Cretaceous
(Vitek and Danilov 2010).

Comments. Trionyx zakhidovi is based on a large, isolated femur
about 20 cm in length from the Late Cretaceous (Santonian or
Campanian) of Kazakhstan (Khosatzky 1966). Kordikova
(1994a) and Chkhikvadze (2007) considered T. zakhidovi to be
a possible synonym of one of the two other contemporaneous
taxa from Kazakhstan (“T.” onomatoplokos [their Palaeotrionyx
riabinini] or “T.” riabinini) or simply an indeterminate pan-tri-
onychid. However, given that isolated pan-trionychid limb
bones are undiagnostic below the family level, we agree with
Vitek and Danilov (2010) that this taxon is a nomen dubium.

Khosatzky (1966) referred the caudal part of a large pan-tri-
onychid carapace with an estimated shell length of about 70 cm
from the type locality to Trionyx zakhidovi, probably using a
geographic rationale. Given that T. zakhidovi must be consid-
ered a nomen dubium, we agree with Vitek and Danilov (2010)
and Danilov and Vitek (2012) that it is best to refer this specimen
to the roughly coeval “T.” kansaiensis using the diagnostic char-
acters it displays.

Zaisanonyx jimenezfuentesi Chkhikvadze, 2008b
nomen dubium

Taxonomic history. Paleotrionyx jimenezfuentesi Chkhikvadze
1995 (nomen nudum); Eurycephalochelys jimenezfuentesi
Chkhikvadze 2007 (nomen nudum); Zaisanonyx jimenez-
fuentesi Chkhikvadze, 2008b (new species).

Type material. IPGAS 7-1-137 (holotype), a partial nuchal
(Chkhikvadze 2008b, fig. 8a, b).

Type locality. Treugol’nik Locality, Kalmakpay River, Zaysan
Depression, East Kazakhstan Region, Kazakhstan; Obayla suite,
middle Eocene (Chkhikvadze 2008b, 2010).

Comments. Zaisanonyx jimenezfuentesi was established on the
basis of a partial nuchal, which was initially tentatively referred
to Paleotrionyx muyuensis (Chkhikvadze 1990). The full
nuchal can be inferred to have been about 20 cm wide.
Chkhikvadze (2007) discussed possible affinities of this frag-
ment with the European giant form Axestemys vittata, assign-
ing it to Eurycephalochelys, but finally used it for the basis of a
new species (Chkhikvadze 2008b). We find the type material
to be too fragmentary to diagnose a valid taxon and therefore
consider Zaisanonyx jimenezfuentesi to be a nomen dubium.
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Klembara (Comenius University of Bratislava),
Elisabetta Cioppi (IGF), Massimo Delfino and
Márton Rabi (University of Turin), Boris Ekrt
(NMP), Letizia Del Favero and Mariagabriella For-
nasiero (MGP-PD), Annelise Folie and Thierry
Smith (IRSNB), Rafaella Garbin and Halim
Zinaoui (University of Fribourg), Richard Gemel
and Ursula Göhlich (NHMW), Martin Gross
(UMJGP), Ren Hirayama (Waseda University,
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Appendix 1
Institutional Abbreviations

AMNH American Museum of Natural History,
New York, New York, USA

BMNH Natural History Museum, London,
United Kingdom

BSPG Bayerische Staatssammlung für Paläon-
tologie und historische Geologie,
Munich, Germany

CCMGE Chernyshev’s Central Museum of Geo-
logical Exploration, St. Petersburg,
Russia

CNHM Croatian Natural History Museum,
Zagreb, Croatia

CPS-UL Centre de paléontologie stratigraphique
et paléoécologie, Université de Lyon
1, Villeurbanne, France

GBAW Geologische Bundesanstalt Wien,
Vienna, Austria

GIML Department für angewandte Geowis-
senschaften und Geophysik, Monta-
nuniversität Leoben, Leoben, Austria

GMH Geological Museum of Heilongjiang,
Harbin, China

GSI Geological Society of India, Bengaluru,
India

GSJ Geological Survey of Japan, Tsukuba,
Japan

GSP Geological Survey of Pakistan, Islam-
abad, Pakistan

HLMD Hessisches Landesmuseum Darmstadt,
Darmstadt, Germany

HNSM Hiwa Natural Sciences Museum, Hiwa,
Japan

IGF Museo di Storia Naturale, Università
degli Studi di Firenze, Florence, Italy

IMC Indian Museum of Kolkata, Kolkata,
India

IPGAS Institute of Paleobiology, Georgian
Academy of Sciences, Tbilisi, Georgia

IPUW Institut für Paläontologie, University of
Vienna, Austria

IRSNB Institut royal des Sciences naturelles de
Belgique, Brussels, Belgium

ITCAM Istituto Tecnico Commerciale Archimede,
Modica, Italy

IVPP Institute of Vertebrate Paleontology and
Paleoanthropology, Beijing, China

IZ-BAS Institute of Zoology, Bulgarian Acad-
emy of Sciences, Sofia, Bulgaria

IZK Institute of Zoology, Academy of Sciences
of Kazakhstan, Almaty, Kazakhstan

KUL Kyushu University Library, Kyushu,
Japan

LBG-UD Laboratoire Biogéosciences, Université
de Bourgogne, Dijon, France

LG-FSM Laboratoire de Geologie, Université de
Montpellier, Montpellier, France

MB Museum für Naturkunde Berlin, Berlin,
Germany

MDLCA Museo Sardo di Geologia e Paleontologia
“Domenico Lovisato,” Cagliari, Italy
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MFGI Magyar Földtani és Geofizikai Intézet,
Budapest, Hungary

MFM Mizunami Fossil Museum, Mizunami,
Japan

MG-IGME Museo Geominero, Instituto Geológico
y Minero de España, Madrid, Spain

MGL Musée cantonal de Géologie, Lausanne,
Switzerland

MGP-PD Museo di Geologia e Paleontologia
dell’Università di Padova, Padua,
Italy

MGPT-PU Museo di Geologia e Paleontologia,
Università degli Studi di Torino,
Turin, Italy

MHNB Museum d’histoire naturelle de Bor-
deaux, Bordeaux, France

MHNF Musée d’histoire naturelle Fribourg,
Switzerland

MHNT Museum d’histoire naturelle de
Toulouse, Toulouse, France

MMB Museo Municipal de Barcelona, Barcelona,
Spain

MMUL Municipal Museum of Ústí nad Labem,
Ústí, Czechia

MNHN Muséum national d’Histoire naturelle,
Paris, France

MPC Mongolian Palaeontological Centre,
Ulaanbaatar, Mongolia

MPP Museo Paleontologico Parmense, Parma,
Italy

MSNP Museo di Storia Naturale di Pisa, Pisa,
Italy

MTB Museum of the Transylvanian Basin, Uni-
versity of Cluj, Cluj-Napoca, Romania

MUSNAF Museo di Storia Naturale dell’Accade-
mia dei Fisiocritici, Siena, Italy

NHMW Naturhistorisches Museum Wien,
Vienna, Austria

NMC National Museum of Colombo,
Colombo, Sri Lanka

NMCL Naturkundemuseum Coburg, Coburg,
Germany

NMENHM National Museum of Ethnography and
Natural History of Moldova,
Chiśinau, Moldova

NMK National Museum of Kenya, Nairobi,
Kenya

NMM Naturhistorisches Museum Mainz,
Mainz, Germany

NMP Národní Muzeum Praha, Prague,
Czechia

NMR Naturkundemuseum Ostbayern,
Regensburg, Germany

NOLM Landesmuseum Niederösterreich, St.
Pölten, Austria

NTUM National Taiwan University, Taipei, China

OMM Oblastní muzeum v Mostě, Most, Czechia
PIMUZ Paläontologisches Institut und Museum

der Universität Zürich, Zurich,
Switzerland

PIN Paleontological Institute, Russian Acad-
emy of Sciences, Moscow, Russia

PUM Philipps-Universität Marburg, Mar-
burg, Germany

QM Queensland Museum, Brisbane, Aus-
tralia

SMF Senckenberg Forschungsinstitut und
Naturmuseum, Frankfurt am Main,
Germany

TM Teylers Museum, Haarlem, The Nether-
lands

TU Tohoku University, Tohoku, Japan
UMJGP Universalmuseum Joanneum, Geologie

und Paläontologie, Graz, Austria
UVF Ur- und Vorgeschichtsmuseum Fritzlar,

Fritzlar, Germany
YIGM Yichang Institute of Geology and Min-

eral Resources, Wuhan, China
ZIN PH Paleoherpetological Collection, Zoolog-

ical Institute of the Russian Academy
of Sciences, St. Petersburg, Russia

ZPM Zhejiang Provincial Museum, Hangzhou,
China

Appendix 2
Named Old World Fossil 
Pan-Trionychid Genera

Altaytrionyx Chkhikvadze, 2008b (type species: Plas-
tomenus gabunii Chkhikvadze, 1984)

Aulacochelys Lydekker, 1889a (type species Trionyx cir-
cumsulcatus Owen in Owen and Bell, 1849)

Crassithecachelys Chkhikvadze, 2000a (type species:
Plastomenus mlynarskii Chkhikvadze, 1970)

Drazinderetes Head et al., 1999 (type species: Drazin-
deretes tethyensis Head et al., 1999)

Eurycephalochelys Moody and Walker, 1970 (type
species: Eurycephalochelys fowleri Moody and Walker,
1970)

Francedebroinella Chkhikvadze, 1999a (type species:
Plastomenus minusculus Chkhikvadze, 1973)

Gobiapalone Danilov et al., 2014 (type species: Amyda
orlovi Khosatzky, 1976)

Khunnuchelys Brinkman et al., 1993 (type species: Khun-
nuchelys erinhotensis Brinkman et al., 1993)

Kuhnemys Chkhikvadze, 1999b (type species Aspideretes
maortuensis Yeh, 1965)

Murgonemys White, 2001 (type species: Murgonemys
braithwaitei White, 2001)

Nemegtemys Danilov et al., 2014 (type species: Nemegte-
mys conflata Danilov et al., 2014)
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Palaeoamyda Cadena, 2016 (type species: Trionyx mes-
selianus Reinach, 1900)

Paraplastomenus Kordikova, 1994a (type species: Plas-
tomenus mlynarskii Chkhikvadze, 1970)

Perochelys Li, Joyce, and Liu, 2015 (type species: Per-
ochelys lamadongensis Li, Joyce, and Liu 2015)

Petrochelys Vitek et al., 2017 (type species: Trionyx kyr-
gyzensis Nessov, 1995b)

Procyclanorbis Portis, 1901 (type species: Procyclanorbis
sardus Portis, 1901)

Rafetoides Karl, 1998 (type species: Trionyx henrici
Owen in Owen and Bell, 1849)

Sinamyda Chkhikvadze, 2000a (type species: Trionyx
fuchienensis Yeh, 1974)

Ulutrionyx Kordikova, 1994a (type species: Trionyx
ninae Chkhikvadze, 1971)

Zaisanonyx Chkhikvadze, 2008b (type species:
Zaisanonyx jimenezfuentesi Chkhikvadze, 2008b)

Appendix 3
Biogeographical Summary of 

Old World Pan-Trionychid Turtles

Numbers in brackets reference Figures 3 to 6. Literature
lacking catalogued or described or figured specimens is
omitted, as also all fossil Holocene records. Abbrevia-
tions: T., Trionyx; TL, type locality.

Algeria
[1] Pliocene, Zanclean–early Piacenzian; Constantine

Province; Pan-Trionychidae indet. (Arambourg 1956)

Australia
[2] Early Eocene; Murgon, Queensland; Murgonemys

braithwaitei (TL) (White 2001; Trionychidae indet. of
Gaffney and Bartholomai 1979)

[3] Pliocene; Darling Downs, Queensland; Pan-Triony-
chidae indet. (Louys and Price 2015)

[4] Pleistocene; Queensland; Pan-Trionychidae indet. (T.
australiensis of De Vis 1894; Trionychidae indet. of
Gaffney and Bartholomai 1979)

Austria
[5] Early Eocene, late Ypresian; Salzburg; Pan-Trionychi-

dae indet. (Trionyx sp. of Schleich 1988; Amyda cf.
boulengeri of Karl 1996)

[6] Middle Miocene; Carinthia; T. vindobonensis (T.
petersi siegeri of Mottl 1967), Pan-Trionychinae indet.
(T. petersi siegeri of Mottl 1967; T. petersi of Wank 1977)

[7] Miocene; Styria; middle Miocene, Langhian: T. vin-
dobonensis (Peters 1855, 1859; T. petersi and T.
septemcostatus of Hoernes 1881; T. hoernesi, T.
peneckei, and T. siegeri of Heritsch 1909), Pan-Tri-
onychinae indet. (T. stiriacus of Peters 1855, 1859,
1869; T. sophiae of Heritsch 1909; T. petersi of 

Heritsch 1910; T. hilberi of Teppner 1914a); middle
Miocene, Langhian–Serravallian: Pan-Trionychinae
indet. (T. hilberi of Hoernes 1892); late Miocene: Pan-
Trionychinae indet. (Trionyx sp. of Toula 1882)

[8] Miocene; Vienna; middle Miocene, Serravallian: T.
vindobonensis (TL) (Peters 1855, 1859); late Miocene,
Tortonian: Pan-Trionychidae indet. (Trionyx sp. of
Bachmayer 1966)

[9] Late Miocene, Tortonian; Burgenland; T. vindobo-
nensis (T. rostratus of Arthaber 1898), Pan-Trionychi-
nae indet. (T. partschii of Peters 1855)

[10] Mio/Pliocene; Lower Austria; early Miocene, Bur-
digalian: T. vindobonensis (T. teiritzbergensis of Gemel
2002), Pan-Trionychinae indet. (Trionychidae indet.
of Depéret 1895); late Miocene, Tortonian: T. vin-
dobonensis (Papp et al. 1953), Pan-Trionychidae indet.
(Trionyx sp. of Delfino and Göhlich 2009); Early
Pliocene; Pan-Trionychinae indet. (Trionyx sp. aff. ros-
tratus of Glaessner 1933)

Belgium
[11] Late Paleocene, Thanetian; Walloon Brabant; Pan-

Trionychidae indet. (Broin 1977; Groessens van Dyck
and Schleich 1988)

[12] Eocene; early Eocene, Ypresian, Flemish Brabant:
Pan-Trionychidae indet. (Trionyx sp. of Groessens van
Dyck and Schleich 1988); early Eocene, Ypresian,
Hainaut: Axestemys vittata (T. erquelinnensis and T.
levalensis of Dollo 1909; Broin 1977); middle Eocene,
Lutetian, Brussels Capital Region: Pan-Trionychidae
indet. (T. bruxelliensis of Winkler 1869a, 1869b); mid-
dle Eocene, Lutetian, East Flanders: Pan-Trionychi-
dae indet. (Groessens van Dyck and Schleich 1988);
middle Eocene, Lutetian, Flemish Brabant: Pan-Tri-
onychidae indet. (Groessens van Dyck and Schleich
1988); middle Eocene, Lutetian, Walloon Brabant:
Pan-Trionychidae indet. (Trionyx sp. of Groessens van
Dyck and Schleich 1988)

[13] Early Oligocene, Rupelian; Antwerp; Pan-Triony-
chidae indet. (T. stormsi of Delheid 1899)

Bulgaria
[14] Late Eocene, Priabonian; Stara Zagora; Trionychi-

dae indet. (T. capellinii bulgaricus of Khosatzky et al.
1983)

[15] Miocene; Vidin; Pan-Trionychinae indet. (Trionyx
sp. of Pamouktchiev et al. 1998)

Chad
[16] Late Miocene, Tortonian; Borkou; Pan-Trionychi-

dae indet. (Trionychidae indet. of Vignaud et al. 2002)
[17] Late Pliocene, Piacenzian; Borkou; Pan-Trionychi-

dae indet. (Trionyx sp. of Priem 1914)

China
[18] Cretaceous, state uncertain; Fujian Province; Pan-

Trionychidae indet. (Sinamyda fuchienensis of Yeh
1974)
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[19] Cretaceous, stage uncertain; Jilin (� Chilin)
Province; Pan-Trionychidae indet. (Yeh 1963)

[20] Early Cretaceous, stage uncertain; Inner Mongolia;
Pan-Trionychidae indet. (Gilmore 1931)

[21] Early Cretaceous, Aptian; Liaoning Province; Per-
ochelys lamadongensis (TL) (Li, Joyce, and Liu 2015)

[22] Early Cretaceous, Aptian/Albian; Heilongjiang
Province; “T.” jixiensis (TL) (Li, Tong et al. 2015)

[23] Late Cretaceous, Turonian; Alxa (� Alashan),
Inner Mongolia; Kuhnemys maortuensis (TL) (includ-
ing T. alashanensis of Yeh 1965)

[24] Late Cretaceous, Campanian; Xilin Gol, Inner Mon-
golia; Khunnuchelys erinhotensis (TL) (Brinkman et al.
1993)

[25] Early Eocene; Hubei Province; Pan-Trionychidae
indet. (Aspideretes muyuensis of Lei and Ye 1985)

[26] Eocene; Inner Mongolia; early Eocene: Pan-Triony-
chidae indet. (Gilmore 1934); middle Eocene: “T.” gre-
garius (TL) (Gilmore 1934; including Rafetus gilmorei
of Chkhikvadze 1999b), “T.” johnsoni (TL) (Gilmore
1931, 1934; including “T.” neimenguensis of Yeh 
1965)

[27] Late Eocene; Guangdong Province; “T.” impressus
(TL) (Yeh 1965)

[28] Late Eocene; Henan Province; Pan-Trionychidae
indet. (Platypeltis subcircularis of Chow and Yeh 1957)

[29] Early Eocene; Shandong Province; “T.” linchuensis
(TL) (Yeh 1962)

[30] Late Eocene–early Oligocene; Zhejiang Province;
Pan-Trionychidae indet. (� Amyda sp. of Yeh 1962)

[31] Middle Miocene, Serravallian; Inner Mongolia;
Pan-Trionychidae indet. (T. sculptus of Gilmore 1931)

[32] Pliocene; Shanxi Province; Pelodiscus gracilia (TL),
Pan-Trionychidae indet. (including Pelodiscus cf.
sinensis of Yeh 1963)

[33] Late Pliocene or early Pleistocene; Shanxi Province;
Pelodiscus indet. (T. sinuosus of Chow and Yeh 1958)

[34] Late Pleistocene; Taiwan Island; Rafetus swinhoei
(T. liupani of Tao 1986)

Croatia
[35] Late Eocene–early Oligocene, Priabonian–

Rupelian; Šibenik-Knin; Pan-Trionychidae indet. (T.
austriacus of Peters 1859; T. cf. capellinii of Paunović
1984)

[36] Middle Miocene, Langhian; Varaždin; Pan-Tri-
onychinae indet. (T. croaticus of Koch 1915)

Cyprus
[37] Miocene; Pan-Trionychidae indet. (Reed 1932; Had-

jisterkotis et al. 2000)

Czechia
[38] Late Eocene; Ústí nad Labem (� Ústecký); Pan-Tri-

onychidae indet. (Trionyx sp. of Laube 1882 and
Kvaček 2002)

[39] Early Miocene, Burdigalian; Ústí nad Labem (�
Ústecký); Rafetus bohemicus (TL) (Liebus 1930), Pan-
Trionychinae indet. (Trionyx sp. of Stur 1874; T. pon-
tanus of Laube 1895, 1896; T. aspidiformis and T.
preschenensis of Laube 1898, 1900; T. elongatus of
Liebus 1930)

Democratic Republic of Congo
[40] Late Miocene–early Pliocene; Orientale Province;

Pan-Trionychidae indet. (Hirayama 1992)

Denmark
[41] Early Paleocene, Danian; Capital Region of Den-

mark; Pan-Trionychidae indet. (Trionyx sp. of
Rosenkrantz 1923; Rafetoides cf. henrici of Karl and
Lindow 2012)

Egypt
[42] Early Miocene, Burdigalian; Matruh Governorate;

Pan-Trionychidae indet. (T. senckenbergianus of
Reinach 1903; Trionyx sp. of Dacqué 1912)

[43] Late Miocene, Messinian; Beheira Governorate;
Pan-Trionychidae indet. (Dacqué 1912).

[44] Pliocene; Beheira Governorate; Pan-Trionychidae
indet. (Andrews 1902; T. pliocaenicus of Reinach
1903)

[45] Middle Pleistocene; New Valley Governorate; Pan-
Trionychidae indet. (Churcher et al. 1999)

Ethiopia
[46] Pliocene–Pleistocene; Oromia Region; Pan-Triony-

chidae indet. (Broin 1979)

France
[47] Late Paleocene, late Thanetian; Grand Est; Pan-Tri-

onychidae indet. (Trionyx sp. of Bergounioux 1932)
[48] Late Paleocene, late Thanetian; Hauts-de-France;

Pan-Trionychidae indet. (Palaeotrionyx [sic] sp. and
Trionychidae indet. of Smith et al. 2014)

[49] Eocene; Île-de-France; early Eocene, early Ypresian:
Axestemys vittata (Palaeotrionyx [sic] vittatus of Broin
1977); middle Eocene, late Lutetian: “T.” henrici (Tri-
onyx sp. of Lapparent de Broin et al. 1993); late
Eocene, Priabonian: Pan-Trionychidae indet. (Trionyx
sp. of Cuvier 1821–1824; T. parisiensis of Gray 1831,
Meyer 1832, and Lydekker 1889a)

[50] Eocene; Occitanie; early Eocene, Ypresian: Pan-Tri-
onychidae indet. (Broin 1977; Trionyx sp. of Laurent et
al. 2010); middle Eocene, Lutetian: Pan-Trionychidae
indet. (Trionyx sp. of Cuvier 1821–1824; T. dodunii of
Gray 1831; Fitzinger 1836)

[51] Eocene; Nouvelle-Aquitaine; middle Eocene, Bar-
tonian: Pan-Trionychidae indet. (Broin 1977); late
Eocene, Priabonian: Pan-Trionychidae indet. (Trionyx
sp. Cuvier 1821–1824; T. laurillardii of Gray 1831;
Bergounioux 1935)
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[52] Early Eocene, Ypresian; Grand-Est; “T.” silvestris (T.
michauxi of Broin 1977), Axestemys vittata, Pan-Triony-
chidae indet. (Palaeotrionyx [sic] vittatus of Broin 1977)

[53] Early Eocene, Ypresian; Hauts-de-France; Axeste-
mys vittata (TL) (T. vittatus of Pomel 1847; Palaeotri-
onyx [sic] vittatus of Broin 1977; Eurycephalochelys
aff. vittatus of Augé et al. 1997), Pan-Trionychidae
indet. (Trionyx sp. of Augé et al. 1997)

[54] Late Eocene; Auvergne-Rhône-Alpes; Pan-Triony-
chidae indet. (Trionyx sp. of Bergounioux 1936)

[55] Early Oligocene, Rupelian; Nouvelle-Aquitaine;
Pan-Trionychidae indet. (T. burdigalensis of
Bergounioux 1935; Trionyx sp. of Broin 1977)

[56] Early Oligocene, Rupelian; Auvergne-Rhône-Alpes;
Pan-Trionychidae indet. (Tryonix [sic] sp. of Pomel 1846)

[57] Oligocene; Occitanie; early Oligocene, Rupelian: Pan-
Trionychidae indet. (Broin 1977); late Oligocene, Chat-
tian: Pan-Trionychidae indet. (Trionyx sp. of Cuvier
1821–1824; T. amansii of Gray 1831; T. dieupentalensis
of Bergounioux 1935; Trionyx sp. of Broin 1977)

[58] Early Oligocene or early Miocene, Rupelian or
Aquitanian; Provence-Alpes-Côte d’Azur; Pan-Tri-
onychidae indet. (T. manouri of Cuvier 1821–1824
and Gray 1831)

[59] Late Oligocene or early Miocene, Chattian or Aqui-
tanian; Occitanie; Pan-Trionychidae indet. (Trionyx
sp. of Gervais 1867–1869; T. acutiformis, T. chaubeti,
T. ciryi, and T. mourieri of Bergounioux 1935; Trionyx
sp. of Broin 1977)

[60] Miocene; Centre-Val de Loire; early Miocene, Bur-
digalian: T. vindobonensis (T. stiriacus of Broin 1977),
Pan-Trionychinae indet. (Trionyx sp. of Cuvier
1821–1824; T. lockardi of Gray 1831); middle
Miocene, Langhian: Pan-Trionychinae indet. (Broin
1977; Gobé et al. 1980; Trionyx sp. of Augé et al. 2002;
Trionyx sp. of Gagnaison et al. 2012)

[61] Miocene; Occitanie; early Miocene, Burdigalian:
Pan-Trionychidae indet. (Broin 1977); middle
Miocene, Langhian: Pan-Trionychidae indet. (Broin
1977); late Miocene, Tortonian: Pan-Trionychidae
indet. (Broin 1977)

[62] Early Miocene; Nouvelle-Aquitaine; Aquitanian:
Pan-Trionychidae indet. (Broin 1977); Burdigalian:
Pan-Trionychinae indet. (T. aquitanicus of Delfortrie
1869 and Lydekker 1889a)

[63] Middle Miocene, Langhian; Pays de la Loire; Pan-
Trionychinae indet. (Broin 1977)

[64] Pliocene; Occitanie; Trionychinae indet. (Trionyx
sp. of Gervais 1867–1869; Trionyx pliopedemontana
of Depéret and Donnezan 1890–1897; T. blayaci, T.
pliopedemontana, T. pompignanensis, T. rotundi-
formis, and Trionyx sp. of Bergounioux 1933, 1935; T.
pliopedemontanus of Broin 1977)

Georgia
[65] Middle Miocene, Serravallian; Kakheti Region;

Pan-Trionychidae indet. (Bakradze and Chkhikvadze
1988)

[66] Middle Miocene, Serravallian; Kvemo Kartli
Region; Pan-Trionychidae indet. (Bakradze and
Chkhikvadze 1988)

Germany
[67] Middle Eocene, Lutetian; Bavaria; Pan-Trionychi-

dae indet. (Rafetoides cf. austriacus of Karl 2002)
[68] Middle Eocene; Upper Rhine Basin (Hesse and

Rhineland-Palatinate); “T.” messelianus (TL)
(Reinach 1900; Harrassowitz 1919; Hummel 1927;
Palaeoamyda messeliana of Cadena 2016), Pan-Tri-
onychidae indet. (Schleich 1994; Gröning and Brauck-
mann 1996)

[69] Middle Eocene, Lutetian; Saxony-Anhalt; “T.” mes-
selianus (Palaeoamyda messeliana of Cadena 2016),
Pan-Trionychidae indet. (Trionyx sp. of Barnes 1927;
Trionyx sp. of Hummel 1935; Krumbiegel 1963;
Amyda boulengeri of Karl 1993)

[70] Oligocene; Upper Rhine Basin; early Oligocene,
Rupelian, Hesse: Pan-Trionychidae indet. (T. borke-
nensis of Gramann 1956; T. aff. borkenensis of Schle-
ich 1986; Schleich 1994; Rafetoides austriacus of Karl
and Müller 2008); early Oligocene, Rupelian,
Rhineland-Palatinate: “T.” boulengeri (TL) (T. gergensi
of Lydekker 1889a; Reinach 1900); late Oligocene,
Chattian, Rhineland-Palatinate: Pan-Trionychidae
indet. (Mörs 1998)

[71] Early Oligocene, Rupelian; Baden-Württemberg;
Pan-Trionychidae indet. (Trionychidae indet. of
Maxwell et al. 2016)

[72] Early Oligocene, Rupelian; Saxony; Pan-Trionychi-
dae indet. (Karl 1993; T. triunguis of Karl 2007)

[73] Late Oligocene, Chattian; Bavaria; Pan-Trionychi-
dae indet. (Schleich 1985; Trionyx sp. of Darga et al.
1999; Trionyx sp. of Böhme 2008; Trionyx cf. triun-
guis of Karl et al. 2011)

[74] Miocene; Baden-Württemberg; early Miocene,
Aquitanian: Pan-Trionychinae indet. (Schleich 1985);
early Miocene, Burdigalian: Pan-Trionychinae indet.
(Schleich 1985); early to middle Miocene, Burdi-
galian–Langhian: Pan-Trionychinae indet. (T. triun-
guis of Karl 2013); middle Miocene, Serravallian: T.
vindobonensis (T. teyleri of Winkler 1869a, 1869b);
middle–late Miocene, Serravallian–Tortonian: Pan-
Trionychinae indet. (T. triunguis of Karl 2013); late
Miocene, Tortonian: Pan-Trionychinae indet. (Schle-
ich 1985)

[75] Miocene; Bavaria; early Miocene, Aquitanian: Pan-
Trionychinae indet. (Trionyx sp. of Kuss 1958); early
Miocene, Burdigalian: Pan-Trionychinae indet.
(Schleich 1985); middle Miocene, Langhian: T. vin-
dobonensis (T. brunhuberi of Ammon 1911 and Fuchs
1939); Trionychinae indet. (T. bohemicus, T. bohemi-
cus jaegeri, and Trionyx sp. of Fuchs 1939), Pan-Tri-
onychidae indet. (Trionyx aff. bohemicus of Schleich
1981, 1985; Groessens-van Dyck and Schleich 1985);
middle Miocene, Serravallian: Pan-Trionychidae
indet. (Schleich 1985; Karl 1993); late Miocene, Tor-
tonian: Pan-Trionychinae indet. (Schleich 1985)
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[76] Miocene; Hesse; early Miocene, Aquitanian: Pan-
Trionychinae indet. (T. münzenbergensis of Hummel
1927); late Miocene (Tortonian): Pan-Trionychidae
indet. (Trionychidae of Eikamp 1978)

[77] Miocene; North Rhine-Westphalia; early Miocene,
Burdigalian: Pan-Trionychinae indet. (Schleich 1985);
middle Miocene: Pan-Trionychinae indet. (Trionyx sp.
of Klein and Mörs 2003)

[78] Miocene; Rhineland-Palatinate; early Miocene,
Aquitanian: T. vindobonensis (Aspidonectes/T. gergensi
of Meyer 1844, Lydekker 1889a, and Reinach 1900);
late Miocene, Messinian: Pan-Trionychinae indet. (T.
oweni of Reinach 1900)

[79] Miocene; Thuringia; early Miocene, Burdigalian:
Pan-Trionychinae indet. (Böhme 1995); early to mid-
dle Miocene, Burdigalian–Langhian: Pan-Trionychi-
nae indet. (Karl 1993)

Greece
[80] Late Miocene, Tortonian; Crete; Pan-Trionychidae

indet. (Georgalis et al. 2016b)
[81] Late Pliocene, Piacenzian; Central Macedonia; Pan-

Trionychidae indet. (Vlachos et al. 2015)

Hungary
[82] Eocene; Northern Hungary: Pan-Trionychidae

indet. (T. austriacus of Peters 1859); middle Eocene,
Central Transdanubia: Pan-Trionychidae indet. (O� si
2001); late Eocene, Central Hungary: Pan-Trionychi-
dae indet. (Ml⁄ynarski 1966)

[83] Oligocene; Early Oligocene, Rupelian, Central
Hungary: Pan-Trionychidae indet. (Szalai 1934;
Ml⁄ ynarski 1966); Oligocene, Central Transdanubia:
Pan-Trionychidae indet. (Ml⁄ ynarski 1966; Rabi and
Botfalvai 2008)

[84] Miocene; early Miocene, Burdigalian, Central Hun-
gary: Pan-Trionychinae indet. (Szalai 1934; Ml⁄ynarski
1966); middle Miocene, Serravallian, Central Hun-
gary: Pan-Trionychinae indet. (T. pseudovindobonen-
sis of Szalai 1934); late Miocene, early Messinian,
Central Hungary: Pan-Trionychinae indet. (Szalai
1934; Ml⁄ynarski 1966); late Miocene, Northern Hun-
gary: Pan-Trionychinae indet. (Ml⁄ynarski 1966); late
Miocene, Tortonian, Southern Transdanubia: Pan-
Trionychinae indet. (Ml⁄ynarski 1966)

India
[85] Eocene Gujarat; early Eocene, Ypresian: Pan-Tri-

onychidae indet. (Trionychidae indet. of Smith et al.
2016); middle Eocene: Pan-Trionychidae indet. (Tri-
onyx sp. of Sahni and Mishra 1975)

[86] Middle Eocene; Himachal Pradesh; Pan-Triony-
chidae indet. (Trionyx sp. of Sahni et al. 1981, 
1984)

[87] Late Pliocene; Himachal Pradesh; Chitra indet.,
Nilssonia indet. (Aspideretes cf. gangeticus and Chitra
cf. indica of Srivastava and Patnaik 2002)

[88] Pliocene; Piram (� Perim) Island, Gujarat; Lisse-
mys indet. (Emyda cf. vittata of Lydekker 1889a;
Emyda cf. granosa of Lydekker 1889b; Lyssemys [sic]
piramensis of Prasad 1974)

[89] Pleistocene; Tamil Nadu; Lissemys indet. (Lissemys
punctata of Tripathi 1964)

[90] Pleistocene; Madhya Pradesh; Nilssonia gangetica,
Pan-Trionychidae indet. (T. gangeticus and Trionyx sp.
of Lydekker 1889b)

Indonesia
[91] Late Pleistocene; Borneo; Pan-Trionychidae indet.

(T. phayrei of Lydekker 1889a)
[92] Pleistocene; Java; Amyda cartilaginea (T. trinilensis

of Jaekel 1911; T. cartilagineus of Karl 1987), Chitra
chitra (Chitra selenkae of Jaekel 1911; Chitra indica of
Karl 1987), Pelochelys cantorii, Pan-Trionychinae
indet. (Chitra minor of Jaekel 1911)

[93] Pleistocene; Sulawesi (� Celebes); Pan-Trionychi-
dae indet. (Hooijer 1954)

Iraq
[94] Late Miocene, Tortonian; Diyala Governorate; Pan-

Trionychidae indet. (Trionyx sp. of Thomas et al.
1980)

Israel
[95] Pleistocene; Haifa; Pan-Trionychidae indet. (Trionyx

sp. of Bate 1934)

Italy
[96] Eocene; Prealpine Basin; middle Eocene, Piedmont:

Pan-Trionychidae indet. (Sacco 1889); middle Eocene,
Lutetian, Veneto: “T.” capellinii (TL) (including T. affi-
nis and T. gemmellaroi of Negri 1892, T. c. conjugens
of Sacco 1894, T. intermedius of Bergounioux 1954,
and T. c. capellinii of Kotsakis 1977), Pan-Trionychidae
indet. (T. marginatus of Zigno 1889); middle Eocene,
Bartonian, Veneto: Pan-Trionychinae indet. (Portis
1885; T. roncensis of Harrassowitz 1919)

[97] Middle Eocene, early Lutetian; Sardinia; Pan-Tri-
onychidae indet. (Trionyx sp. of Kotsakis 1985)

[98] Oligocene; Prealpine Basin; late Oligocene, Chatt-
ian, Liguria: Pan-Trionychidae indet. (Issel 1892);
Oligocene, Piedmont: Pan-Trionychidae indet. (T.
pedemontana of Portis 1879); late Oligocene or early
Miocene, Piedmont: Pan-Trionychidae indet. (T. pede-
montana of Portis 1879; T. anthracotheriorum of Por-
tis 1883; Trionyx sp. of Chesi 2009); early Oligocene,
early Rupelian, Veneto: “T.” capellinii (T. italicus of
Schauroth 1865; T. c. montevialensis of Negri 1892
and Fabiani 1915; T. schaurothianus of Negri 1893; T.
c. gracilina and T. c. perexpansa of Sacco 1895; T.
insolitus of Bergounioux 1954; T. c. montevialensis
and T. c. schaurothianus of Barbera and Leuci 1980);
Oligocene, Veneto: Pan-Trionychinae indet. (T irreg-
ularis of Bergounioux 1954)
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[99] Late Oligocene, Chattian; Calabria; Pan-Trionychi-
nae indet. (Tryonix [sic] sp. of Gastaldi 1863; T.
oligocenica of Portis 1885)

[100] Early to middle Miocene, Burdigalian–Langhian;
Apulia; Pan-Trionychidae indet. (Chesi 2009);
Miocene; Apulia; Pan-Trionychidae indet. (Capellini
1878)

[101] Miocene; Prealpine Basin; late Miocene, Messin-
ian, Emilia-Romagna: Pan-Trionychidae indet. (Tri-
onyx sp. of Kotsakis 1989); late Miocene or Pliocene,
Emilia-Romagna: Pan-Trionychinae indet. (Aspilus
cortesii of Portis 1885); middle Miocene, Serravallian,
Friuli-Venezia Giulia: Pan-Trionychidae indet. (Dalla
Vecchia 2007); early Miocene, Piedmont: Pan-Triony-
chidae indet. (Negri 1892); early Miocene, Burdigalian,
Veneto: Pan-Trionychinae indet. (T. subangularis of
Bergounioux 1954)

[102] Miocene; Sardinia; early Miocene: Pan-Trionychi-
dae indet. (Trionyx sp. of Chesi 2009; Zoboli and Pil-
lola 2017); late Miocene, Tortonian–Messinian;
Pan-Trionychinae indet. (Procyclanorbis sardus of
Portis 1901; Amyda sardus of Comaschi Caria 1959)

[103] Middle Miocene (Langhian); Sicily; Pan-Triony-
chidae indet. (Trionix ragusensis of De Gregorio 1883)

[104] Late Miocene, Tortonian; Tuscany; Pan-Trionychi-
nae indet. (T. bambolii, T. portisi, T. senensis, T. propin-
quus, and Trionyx sp. of Ristori 1891a, 1891b, 1895;
Trionyx sp. of Merciai 1907)

[105] Pliocene; Piedmont; Pan-Trionychidae indet. (T.
aegypticus of Sismonda 1836, 1839; T. pedemontana of
Portis 1879; T. pliopedemontana of Sacco 1889;
Delfino 2002; Chesi 2009)

[106] Pliocene; early Pliocene, Zanclean, Tuscany: Pan-
Trionychinae indet. (T. propinquus of Ristori 1891a,
1895); Pliocene, indeterminate stage, Tuscany: T.
pliocenicus (TL) (Lawley 1876; Fucini 1912); late
Pliocene–early Pleistocene, late Zanclean–Piacenz-
ian, Tuscany: Pan-Trionychinae indet. (Trionyx sp. of
Portis 1890; T. cf. pliopedemontanus of Kotsakis 1980);
late Pliocene–early Pleistocene, Zanclean–Piacenz-
ian, Umbria: Pan-Trionychidae indet. (Trionyx sp. of
Girotti et al. 2003)

[107] Early Pleistocene (Gelasian); Tuscany; Pan-Tri-
onychinae indet. (Trionyx sp. of Portis 1890; T. cf. plio-
pedemontanus of Kotsakis 1980)

Japan
[108] Early Cretaceous, Barremian/Aptian; Fukui; Pan-

Trionychidae indet. (Hirayama 1998; Hirayama et al.
2013; Nakajima et al. in press)

[109] Late Cretaceous, Coniacian/Santonian;
Kumamoto; Pan-Trionychidae indet. (Hirayama
1998)

[110] Late Eocene, Priabonian; Yamaguchi; Pan-Triony-
chidae indet. (T. ubeensis of Chitani 1925)

[111] Late Oligocene; Yamaguchi; Pan-Trionychidae
indet. (Trionychinae gen. et sp. indet. of Hasegawa 
et al. 2007)

[112] Early Miocene, Burdigalian; Hiroshima; Pan-Tri-
onychidae indet. (T. ishiharaensis of Miura and
Uyama 1987)

[113] Middle Miocene; Hokkaidō; Pan-Trionychidae
indet. (T. desmostyli of Matsumoto 1918)

[114] Middle Miocene; Nagasaki; Pan-Trionychidae
indet. (Trionyx sp. aff. desmostyli of Otsuka 
1970)

[115] Late Pliocene; Mie; “T.” miensis (TL) (Okazaki and
Yoshida 1977)

[116] Early Pleistocene; Nagasaki; Pan-Trionychidae
indet. (T. kazusensis of Otsuka 1969)

Kazakhstan
[117] Late Cretaceous, Santonian/early Campanian;

South Kazakhstan Region; “T.” kansaiensis (Vitek and
Danilov 2012), Pan-Trionychidae indet. (Prinada
1927; including Aspideretes jaxarticus and Plas-
tomenus jaxarticus of Riabinin 1938 and T. zakhidovi
of Khosatzky 1966)

[118] Late Cretaceous, Santonian/early Campanian;
Kyzylorda Region; Khunnuchelys lophorhothon (TL),
“T.” kansaiensis, “T.” onomatoplokos (TL), “T.”
riabinini (TL), Pan-Trionychidae indet. (Khosatzky
1957; Kuznetsov 1976; Kuznetsov and Shilin 1983;
Nessov 1984; Kuznetsov and Chkhikvadze 1987;
Vitek and Danilov 2010; Danilov, Vitek et al. 2015)

[119] Eocene; East Kazakhstan Region; early Eocene:
Pan-Trionychidae indet. (Chkhikvadze 1970;
Kordikova 1994b; Altaytrionyx devjatkini and
Altaytrionyx phiruzae of Chkhikvadze 2008a; Plas-
tomenus mlynarskii of Chkhikvadze 1970); middle
Eocene: Pan-Trionychidae indet. (Chkhikvadze
1973; Plastomenus gabunii of Chkhikvadze 1984;
Zaisanonyx jimenezfuentesi of Chkhikvadze 2008b;
Altaytrionyx burtschaki of Chkhikvadze 2008a; Tri-
onychidae indet. of Scheyer et al. 2017); late
Eocene: “T.” ninae (T. zaisanensis of Chkhikvadze
1973; Vitek and Danilov 2015), “T.” minusculus
(TL) (Plastomenus minusculus of Chkhikvadze
1973; Paraplastomenus minusculus of Kordikova
1994b)

[120] Early Oligocene; East Kazakhstan Region; Pan-
Trionychidae indet. (Rafetus yexiangkuii of Chkhik-
vadze 1999b, 2007)

[121] Oligocene; Karagandy Region; “T.” ninae (TL)
(Chkhikvadze 1971; T. turgaicus of Kuznetsov and
Chkhikvadze 1987; Vitek and Danilov 2015)

[122] Oligocene; Almaty Region; early Oligocene:
Pan-Trionychidae indet. (Bazhanov and Kostenko
1961; Kordikova and Mavrin 1996); late Oligocene:
Pan-Trionychidae indet. (Bazhanov and Kostenko
1961)

[123] Oligocene; Jambyl Region; Pan-Trionychidae
indet. (Chkhikvadze 1971; Kordikova 1994b)

[124] Early to middle Miocene, late Burdigalian–early
Langhian; Almaty Region; Pan-Trionychidae indet.
(Bazhanov and Kostenko 1961)
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[125] middle Miocene; East Kazakhstan Region; Pan-
Trionychidae indet. (T. jakhimovitchae of Chkhik-
vadze 1989)

Kenya
[126] Early Miocene, Burdigalian; Nyanza; Cycloderma

victoriae (TL), Pan-Cyclanorbinae indet. (Andrews
1914; Broin 1979; Pickford 1986)

[127] Miocene; Rift Valley; middle Miocene, Serraval-
lian: Pan-Cyclanorbinae indet. (Bishop and Pickford
1975); late Miocene: Pan-Trionychidae indet. (Pick-
ford 1975; Wood 2013)

[128] Pliocene; Rift Valley; early Pliocene: Cycloderma
debroinae (TL), Cyclanorbis turkanensis (TL), Pan-
Cyclanorbinae indet. (Meylan et al. 1990); Pliocene
(indeterminate stage): Pan-Cyclanorbinae indet., Pan-
Trionychidae indet. (Pickford 1986; Meylan et al.
1990); Plio/Pleistocene: Cyclanorbis elegans (Meylan
et al. 1990)

[129] Pleistocene; Rift Valley; early Pleistocene: Trionyx
sp. (T. cf. triunguis of Wood 1979); Middle Pleis-
tocene, Calabrian; Rift Valley; Pan-Cyclanorbinae
indet. (Bishop, Pickford, and Hill 1975)

Kyrgyzstan
[130] Early Cretaceous, Albian; Osh Province;

Petrochelys kyrgyzensis (TL) (Vitek et al. 2017; “T.”
kyrgyzensis of Nessov 1995b; Danilov and Vitek
2013)

Libya
[131] Late Miocene, late Messinian; Benghazi Gover-

norate; Pan-Trionychidae indet. (Trionyx sp. of D’
Erasmo 1933; T. cf. triunguis of Wood 1987)

Malawi
[132] Pliocene; Northern Region; Pliocene, indetermi-

nate stage: Cycloderma sp. (Wood 1979; Meylan et al.
1990); late Pliocene–early Pleistocene: Cyclanorbis sp.,
Cycloderma sp. (including Cycloderma senegalensis of
Karl 2012)

Malaysia
[133] Late Pleistocene; Sarawak, Borneo Island; Amyda

cartilaginea, Dogania subplana (Pritchard et al. 2009)

Moldova
[134] Miocene; middle Miocene, Serravallian, Anenii

Noi: Pan-Trionychidae indet. (Khosatzky and Tofan
1970; Chkhikvadze 1983); middle Miocene, Ser-
ravallian, Ialoveni: Trionyx sp. (Khosatzky and
Tofan 1970; Chkhikvadze 1983; T. moldaviensis of
Khosatzky 1986); middle Miocene, Chiśinau: 
Pan-Trionychidae indet. (Khosatzky and Tofan
1970)

Mongolia
[135] Early Cretaceous; Dornogovi Aimag; Pan-Triony-

chidae indet. (Suzuki and Narmandakh 2004)
[136] Early Cretaceous, Aptian–Albian; Dundgovi

Aimag; Pan-Trionychidae indet. (Trionychidae indet.
of Scheyer et al. 2017)

[137] Late Cretaceous, Cenomanian–early Turonian;
Dornogovi Aimag; Kuhnemys orlovi (TL), “T.” bayn-
shirensis (TL) (Khosatzky 1976; Danilov et al. 2014)

[138] Late Cretaceous, Campanian; Bayankhongor
Aimag; Kuhnemys breviplastra (Danilov et al. 2014)

[139] Late Cretaceous, Campanian; Ömnögovi Aimag;
Kuhnemys breviplastra, “T.” shiluutulensis (TL), Pan-
Trionychidae indet. (Khosatzky 1999; Danilov et al.
2014)

[140] Late Cretaceous, Campanian; Övörkhangai
Aimag; Pan-Trionychidae indet. (Danilov et al. 2014)

[141] Late Cretaceous, Maastrichtian; Ömnögovi
Aimag; Kuhnemys breviplastra (TL), Nemegtemys
conflata (TL), “T.” gilbentuensis (TL), “T.” gobien-
sis (TL), Pan-Trionychidae indet. (Khosatzky and
Ml⁄ynarski 1971; Trionyx sp. of Ml⁄ynarski and Nar-
mandach 1972; Shuvalov and Chkhikvadze 1975,
1979; Merkulova 1978; Chkhikvadze and Shuvalov
1988; Danilov et al. 2014; including Amyda men-
neri of Chkhikvadze in Chkhikvadze and Shuvalov
1988)

[142] Late Paleocene; Ömnögovi Aimag; Kuhnemys
palaeocenica (TL) (Danilov, Sukhanov et al. 2015)

Myanmar
[143] Late middle Eocene; Sagaing Region; Pan-Triony-

chidae indet. (Trionychinae indet. of Hutchison et al.
2004)

[144] Late Miocene; Ayeyarwady Region; Pan-Triony-
chidae indet. (Trionyx sp. of Jaeger et al. 2011)

[145] Pliocene–Pleistocene; Ayeyarwady Region; Pan-
Trionychidae indet. (Chhibber 1934)

Nepal
[146] Late Miocene; Province 5; Pan-Cyclanorbinae

indet. (Lissemys punctata of West et al. 1991), Pan-
Trionychinae indet. (West et al. 1978; Chitra cf. C.
indica and Trionychinae indet. of West et al. 1991)

[147] Pliocene–early Pleistocene; Province 5; Lissemys
sp. (Lissemys cf. punctata of Corvinus and Schleich
1994), Pan-Trionychinae indet. (Aspideretes sp. vel
Chitra sp. of Corvinus and Schleich 1994)

Oman
[148] Early Miocene; Ash Sharqiyah; Pan-Trionychidae

indet. (aff. Cycloderma sp. of Roger et al. 1994)

Pakistan
[149] Early to middle Eocene; Khyber Pakhtunkhwa;

Pan-Trionychidae indet. (Broin 1987)
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[150] Middle Eocene, middle Bartonian; Punjab;
Drazinderetes tethyensis (TL), Pan-Trionychidae indet.
(Head et al. 1999)

[151] Early Miocene; Punjab; Pan-Trionychidae indet.
(Pilgrim 1912)

[152] Pliocene–Pleistocene; Punjab; Nilssonia hurum (T.
hurum sivalensis of Lydekker 1889a), Chitra sp., Pan-
Cyclanorbinae indet. (Emyda lineata, Emyda
palaeindica, Emyda sivalensis, and Emyda vittata of
Lydekker 1885), Pan-Trionychidae indet. (Lydekker
1885, 1889a, 1889b)

Portugal
[153] Miocene; Lisbon; Early Miocene, Burdigalian:

Pan-Trionychidae indet. (Zbyszewsky 1949); late
Miocene, Tortonian: Pan-Trionychidae indet. (T. lori-
oli of Souza Torres 1947)

Romania
[154] Eocene; Early Eocene, Ypresian, Argeş County:

Pan-Trionychidae indet. (Vremir 2013); middle
Eocene, Sibiu County: Pan-Trionychidae indet. (Tri-
onyx sp. of Peters 1855); late Eocene, Cluj County:
Pan-Trionychidae indet. (Trionyx sp. of Koch 1894);
late Eocene (Priabonian) or Oligocene, Cluj County:
“T.” boulengeri (T. clavatomarginatus of Lörenthey
1903)

[155] Oligocene; early Oligocene (Rupelian), Cluj
County: Pan-Trionychidae indet. (Vang-Lauridsen
1998); late Oligocene (Chattian); Hunedoara County:
Pan-Trionychinae indet. (Trionyx sp. of Poporogu
1972)

[156] Miocene; Early Miocene, Cluj County: Pan-Tri-
onychinae indet. (Trionyx sp. of Fuchs 1962; Trionyx
sp. of Vremir and Codrea 1997); middle Miocene,
Serravallian, Arad County: Pan-Trionychinae indet.
(T. stiriacus of Vremir et al. 1997); middle–late
Miocene, Serravallian–Tortonian, Bihor County:
Pan-Trionychinae indet. (T. harmati and T. nopcsai of
Szalai 1934)

[157] Late Miocene, Tortonian; Vrancea County; Pan-
Trionychidae indet. (T. cf. pliopedemontana of Mac-
arovici and Motas 1965)

[158] Pliocene; Harghita County; Pan-Trionychidae
indet. (Trionyx sp. of Ml⁄ynarski 1966)

[159] Pliocene; Vaslui County; Pan-Trionychidae indet.
(Trionyx sp. of Simionescu 1930)

Russia
[160] Middle Miocene, Langhian; Stavropol Territory;

Pan-Trionychidae indet. (T. danovi of Chkhikvadze
1989)

[161] Middle Miocene, Serravallian; Adygea Republic;
Pan-Trionychidae indet. (T. khosatzkyi of Chkhik-
vadze 1983, 1989, and Shebzukhova and Tarasenko
2007)

Saudi Arabia
[162] Early Miocene, Burdigalian; Eastern Province;

Pan-Cyclanorbinae indet. (aff. Cycloderma sp. of
Thomas et al. 1982)

Slovakia
[163] Miocene; early Miocene, middle Burdigalian, Ban-

ská Bystrica: Pan-Trionychinae indet. (?Trionychidae
indet. of Čerňanský et al. 2012); middle Miocene, late
Langhian, Bratislava: Pan-Trionychinae indet. (T. ros-
tratus of Holec and Schlögl 2000), Pan-Trionychidae
indet. (Trionyx sp. of Hörnes 1848; Trionyx sp. of
Ml⁄ ynarski 1966; Trionyx sp. of Holec 2006; Trionyx
sp. of Danilov et al. 2012); late Miocene, Tortonian,
Trnava: Pan-Trionychinae indet. (Trionychidae indet.
of Danilov et al. 2012)

Slovenia
[164] Late Oligocene, Chattian; Central Sava; Pan-Tri-

onychinae indet. (T. stadleri of Teppner 1913; T. styr-
iacus [sic] of Bergounioux 1934a)

[165] Miocene; Central Sava; early Miocene, Aquitan-
ian: Pan-Trionychidae indet. (Jurkovšek and Kolar-
Jurkovšek 1994); middle Miocene, Langhian:
Pan-Trionychidae indet. (T. petersi trifailensis of Tepp-
ner 1914c)

Spain
[166] Middle Eocene, Lutetian; Andalusia; Pan-Triony-

chidae indet. (Jiménez Fuentes and Alonso Andres
1994)

[167] Middle Eocene, Lutetian; Aragon; Pan-Trionychi-
dae indet. (Trionyx sp. of Pérez-García et al. 2013)

[168] Middle Eocene, ?Bartonian; Balearic Islands; Pan-
Trionychidae indet. (Jiménez Fuentes et al. 1990)

[169] Eocene; Castile and León; middle Eocene, Lutet-
ian: Pan-Trionychidae indet. (T. cf. michauxi of
Jiménez Fuentes and Alonso Andres 1994; Jiménez
Fuentes 2003); middle Eocene, Bartonian: Pan-Tri-
onychidae indet. (Jiménez Fuentes and Alonso
Andres 1994); late Eocene, Priabonian: Pan-Triony-
chidae indet. (Jiménez Fuentes and Alonso Andres
1994)

[170] Middle Eocene, Lutetian; Catalonia; Pan-Trionychi-
dae indet. (Crusafont and Villalta 1954; Bergounioux
1958)

[171] Early Oligocene; Aragon; Pan-Trionychidae indet.
(Jiménez Fuentes and Alonso Andres 1994)

[172] Early Oligocene; Catalonia; Pan-Trionychidae
indet. (Vidal and Depéret 1906; T. marini of Hernán-
dez Sampelayo and Bataller 1944, Crusafont and Vil-
lalta 1954, Bataller 1956, and Bergounioux 1958)

[173] Oligocene; Guadalajara, Castile-La Mancha; early
Oligocene, Rupelian: Pan-Trionychidae indet. (Crusa-
font et al. 1960); Oligocene (undetermined stage):
Pan-Trionychidae indet. (Trionyx sp. of Jiménez
Fuentes 2003)
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[174] Early Miocene, Burdigalian; Catalonia; Pan-Tri-
onychidae indet. (Pérez García et al. 2011)

[175] Early Miocene, Aquitanian; Navarre; Pan-Triony-
chidae indet. (Trionyx cf. maunori [sic] of Ezquerra del
Bayo 1850; Trionychinae indet. of Murelaga et al. 2002)

[176] Late Miocene, Messinian; Murcia; Pan-Trionychi-
dae indet. (Pérez García et al. 2011)

Sri Lanka
[177] Late Pleistocene; Sabaragamuwa Province; Pan-

Trionychidae indet. (Lissemys punctata sinhaleyus of
Deraniyagala 1953)

Sweden
[178] Late Cretaceous, Campanian; Skåne; Pan-Trionychi-

dae indet. (Trionychidae indet. of Scheyer et al. 2012)

Switzerland
[179] Oligocene; early Oligocene, Rupelian, Fribourg:

Pan-Trionychinae indet. (MHNF); late Oligocene,
Chattian; Vaud; Pan-Trionychinae indet. (T. lorioli, T.
rocchettiana, and T. valdensis of Portis 1882)

[180] Miocene; early Miocene, Aquitanian, Aargau: Pan-
Trionychidae indet. (Meyer 1839); early Miocene,
Aquitanian, Vaud: Pan-Trionychidae indet. (Pictet
and Humbert 1856); middle Miocene, Serravallian,
Neuchâtel: Pan-Trionychidae indet. (Jaccard 1888);
late Miocene, Zurich: Pan-Trionychinae indet. (T.
reticulatus and T. cf. stiriacus of Rieppel 1979)

Tajikistan
[181] Late Cretaceous, early Santonian; Khodzhent

Province; “T.” kansaiensis (TL), “T.” riabinini, Pan-Tri-
onychidae indet. (Khosatzky and Nessov 1979; Nessov
1984; Kordikova 1994b; Vitek and Danilov 2010)

Tanzania
[182] Middle Miocene; Zanzibar; Pan-Trionychidae

indet. (Trionychidae indet. of Pickford 2008)
[183] Pleistocene; Arusha Region; Trionyx sp. (Leakey

1965)

Thailand
[184] Middle Miocene–Pleistocene; Nakhon Ratchasima

Province; Pan-Trionychidae indet. (Amyda sp., Chitra
sp. of Claude et al. 2011)

[185] Late Pleistocene; Krabi Province; Pan-Trionychi-
dae indet. (Mudar and Anderson 2007)

Tunisia
[186] Late Miocene, Tortonian; Gafsa Governorate; Pan-

Trionychidae indet. (Trionyx sp. of Robinson and
Black 1974)

[187] Late Pliocene, Piacenzian; Bizerte Governorate;
Pan-Trionychidae indet. (Arambourg 1979)

Turkey
[188] ?Oligocene; Çorum; Pan-Trionychidae indet.

(Staesche 1975)
[189] Oligocene; Tekirdağ; Pan-Trionychidae indet. 

(Trionix [sic] sp. of Lebküchner 1974; Staesche 1975)
[190] Miocene; Çanakkale; middle Miocene, Serraval-

lian: Pan-Trionychidae indet. (Trionyx sp. of Calvert
and Neumayr 1880); late Miocene: Pan-Trionychidae
indet. (Trionyx sp. of Tuna 1988)

[191] Late Miocene; I
.
stanbul; Pan-Trionychidae indet.

(Trionyx sp. of Malik and Nafiz 1933; Trionyx sp. of
Rückert-Ülkümen 1963; Staesche 1975)

[192] Late Miocene, middle Tortonian; Konya; Pan-Tri-
onychinae indet. (T. triunguis of Staesche et al. 2007)

[193] Late middle–early late Miocene, Serravallian–early
Tortonian; Kütahya; Pan-Trionychinae indet. (T. tri-
unguis of Staesche et al. 2007)

[194] Middle Miocene, Serravallian; Mugla; Pan-Tri-
onychinae indet. (Staesche et al. 2007)

Uganda
[195] Late Miocene, Messinian; Central Region; Pan-

Cyclanorbinae indet. (Cyclanorbis sp. of Lapparent de
Broin and Gmira 1994)

[196] Pliocene; Central Region; early Pliocene, Zan-
clean: Cyclanorbis indet. (Lapparent de Broin and
Gmira 1994); late Pliocene, Piacenzian: Cyclanorbis
indet. (Lapparent de Broin and Gmira 1994)

[197] Early Pleistocene, Gelasian; Central Region; Cyclo-
derma sp. (Cycloderma frenatum of Arambourg
1947), Pan-Cyclanorbinae indet. (Swinton 1926; Lap-
parent de Broin and Gmira 1994)

Ukraine
[198] Middle Eocene, early Lutetian; Luhansk Province;

“T.” ikoviensis (TL) (Danilov et al. 2011)
[199] Middle Miocene, Serravallian; Crimea Province (cur-

rently administered by Russia); Pan-Trionychidae indet.
(Trionyx sp. of Khosatzky 1948; Chkhikvadze 1989)

United Arab Emirates
[200] late Miocene, Tortonian; Abu Dhabi; Pan-Tri-

onychinae indet. (Trionyx sp. of Lapparent de Broin
and van Dijk 1999; Beech and Hellyer 2005)

United Kingdom
[201] Late Paleocene, ?Thanetian; London; Pan-Triony-

chidae indet. (White 1931)
[202] Eocene; middle Eocene, Bartonian, Dorset: Pan-

Trionychidae indet. (Burton 1933); middle Eocene,
Lutetian, Hampshire: Pan-Trionychidae indet. (Ben-
ton and Spencer 1995); late Eocene, Priabonian,
Hampshire: “T.” henrici (TL) (including T. barbarae,
T. [or Aulacochelys] circumsulcatus, T. marginatus, T.
planus, and T. rivosus of Owen in Owen and Bell
1849, Lydekker 1889a, and Boulenger 1891); late
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Eocene, Isle of Wight: “T.” henrici (T. incrassatus of
Owen in Owen and Bell 1849); early Eocene, Ypre-
sian, Kent: “T.” silvestris (TL) (Walker and Moody
1974), Pan-Trionychinae indet. (T. pustulatus of Owen
in Owen and Bell 1849); early Eocene, late Ypresian,
West Sussex: Axestemys vittata (Eurycephalochelys
fowleri of Moody and Walker 1970 and Walker and
Moody 1985), Pan-Trionychinae indet. (Trionyx sp. of
Owen in Owen and Bell 1849; T. bowerbanki of
Lydekker 1889a)

[203] Oligocene; Isle of Wight; early Oligocene,
Rupelian: Pan-Trionychidae indet. (Hooker and Ward
1980); late Oligocene–early Miocene: Pan-Trionychi-
dae indet. (Lydekker 1889a)

Uzbekistan
[204] Early Cretaceous, early Albian; Karakalpakstan;

Pan-Trionychidae indet. (Nessov 1977, 1984)
[205] Late Cretaceous; Karakalpakstan; early Cenoman-

ian: “T.” dissolutus, Pan-Trionychidae indet. (“T.” cf.
kyrgyzensis of Vitek and Danilov 2014); late Turon-
ian: Pan-Trionychidae indet. (Nessov 1984, 1987)

[206] Late Cretaceous; Navoiy Region; Cenomanian:
“T.” dissolutus (TL), Pan-Trionychidae indet. (“T.” cf.
kyrgyzensis of Vitek and Danilov 2014); late Turon-
ian: Khunnuchelys kizylkumensis (TL) (Brinkman et
al. 1993; Vitek and Danilov 2013), Pan-Trionychidae
indet. (Nessov 1984, 1987, 1997; Brinkman et al. 1993;
Aspideretoides cf. riabinini and “T.” cf. kansaiensis of
Danilov and Vitek 2013)

Vietnam
[207] Oligocene; La̧ng Son Province; Pan-Trionychidae

indet. (Böhme et al. 2011)

Appendix 4
Hierarchical Taxonomy of 

Old World Pan-Trionychidae

Pan-Trionychidae Joyce et al., 2004
Axestemys vittata (Pomel, 1847), comb. nov.
Drazinderetes tethyensis Head et al., 1999
Khunnuchelys Brinkman et al., 1993

Khunnuchelys erinhotensis Brinkman et al.,
1993
Khunnuchelys kizylkumensis Brinkman et al.,
1993
Khunnuchelys lophorhothon Danilov, Vitek 
et al., 2015

Kuhnemys Chkhikvadze, 1999b
Kuhnemys breviplastra (Danilov et al., 2014),
comb. nov.
Kuhnemys maortuensis (Yeh, 1965)
Kuhnemys orlovi (Khosatzky, 1976), comb. nov.

Kuhnemys palaeocenica (Danilov, Sukhanov 
et al., 2015), comb. nov.

Murgonemys braithwaitei White, 2001
Perochelys lamadongensis Li, Joyce, and Liu, 2015
Petrochelys kyrgyzensis (Nessov, 1995b)
Pan-Cyclanorbinae New Clade Name

Cyclanorbis turkanensis Meylan et al., 1990
Cycloderma Peters, 1854

Cycloderma debroinae Meylan et al., 1990
Cycloderma victoriae Andrews, 1914

Nemegtemys conflata Danilov et al., 2014
Pan-Trionychinae New Clade Name

Pelodiscus gracilia (Yeh, 1963), comb. nov.
Rafetus bohemicus (Liebus, 1930), comb. nov.
Trionyx Geoffroy Saint-Hilaire, 1809

Trionyx pliocenicus Fucini, 1912
Trionyx vindobonensis Peters, 1855

Pan-Trionychidae Incertae Sedis
Trionyx Geoffroy Saint-Hilaire, 1809

“Trionyx” baynshirensis Danilov et al.,
2014
“Trionyx” boulengeri Reinach, 1900
“Trionyx” capellinii Negri, 1892
“Trionyx” dissolutus Vitek and Danilov,
2014
“Trionyx” gilbentuensis Danilov et al.,
2014
“Trionyx” gobiensis Danilov et al., 2014
“Trionyx” gregarius (Gilmore, 1934)
“Trionyx” henrici Owen in Owen and Bell,
1849
“Trionyx” impressus (Yeh, 1963)
“Trionyx” ikoviensis Danilov et al., 2011
“Trionyx” jixiensis Li, Tong et al., 2015
“Trionyx” johnsoni Gilmore, 1931
“Trionyx” kansaiensis Vitek and Danilov,
2010
“Trionyx” linchuensis (Yeh, 1962)
“Trionyx” messelianus Reinach, 1900
“Trionyx” miensis Okazaki and Yoshida,
1977
“Trionyx” minusculus (Chkhikvadze,
1973), comb. nov.
“Trionyx” ninae Chkhikvadze, 1971
“Trionyx” onomatoplokos, new name
“Trionyx” riabinini Kuznetsov and
Chkhikvadze, 1987
“Trionyx” shiluutulensis Danilov et al.,
2014
“Trionyx” silvestris Walker and Moody,
1974
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a  b  s  t  r  a  c  t

Procyclanorbis  sardus  Portis,  1901  is  the  first  fossil  trionychid  turtle  described  from  Sardinia.  This  late
Miocene  taxon  was  originally  considered  to  have  affinities  with  the  African  and  southern  Asian  cyclanor-
bines.  We  here  redescribe  in detail the holotype  specimen  of  this  species,  which  has  suffered  severe
degradation  since  its original  publication.  A comparison  between  the  original  state  of the fossil  and  its
current  state  of preservation  is  provided.  On  the  basis  of  its  anatomy,  affinities  of Procyclanorbis  sardus
with  cyclanorbines  are  discarded  and  this  taxon  is demonstrated  to  be an  indeterminate  pan-trionychine.
The  distribution  of  fossil  trionychids  in the  Mediterranean  Islands  is also  discussed.

© 2017  Elsevier  Masson  SAS.  All  rights  reserved.
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r  é  s  u  m  é

Procyclanorbis  sardus  Portis,  1901  est la première  tortue  trionychidé  fossile  décrite  en  Sardaigne.  Ce taxon
du Miocène  supérieur  a  été  initialement  considéré  comme  ayant  des  affinités  avec  les cyclanorbines
ardaigne
iocène

nsularité

d’Afrique  et  d’Asie  du Sud. Nous  décrivons  ici  en  détail  et  figurons  l’holotype  de cette  espèce,  qui  a subi  une
importante  dégradation  depuis  sa publication  originale.  Une  comparaison  entre  l’état  originel  du  fossile
et  son  état  de  conservation  actuel  est fournie.  Sur la base  de  son  anatomie,  les  affinités  de  Procyclanorbis
sardus  avec les  cyclanorbinés  sont  rejetées  car  ce taxon  s’avère  être  un pantrionychiné  indéterminé.  La
distribution  des  trionychidés  fossiles  dans  les  îles  de  la  Méditerranée  est  également  discutée.

©  2017  Elsevier  Masson  SAS.  Tous  droits  réservés.
. Introduction
Procyclanorbis sardus Portis, 1901 is the first named fos-
il soft-shelled turtle from the island of Sardinia, Italy (Portis,
901a). This taxon has had a problematic taxonomic history, being

∗ Corresponding author. Department of Geosciences, University of Fribourg,
hemin du Musée 6, 1700 Fribourg, Switzerland.

E-mail address: georgios.georgalis@unifr.ch (G.L. Georgalis).

http://dx.doi.org/10.1016/j.annpal.2017.04.002
753-3969/© 2017 Elsevier Masson SAS. All rights reserved.
originally described as a European member of pan-cyclanorbines
(Portis, 1901a), later considered as a member of Amyda (Hummel,
1929; Comaschi Caria, 1959) and subsequently treated as an
indeterminate pan-trionychine (Georgalis and Joyce, 2017). We
restudied in detail the holotype carapace that still exists, severely
damaged, in the collections of the Museo Sardo di Geologia e Pale-

ontologia “Domenico Lovisato”, Cagliari, Italy (MDLCA), and we
herein redescribe and attempt to revise this historical taxon reeval-
uating its taxonomic status for the first time on the basis of first
hand observation and with a modern approach.

dx.doi.org/10.1016/j.annpal.2017.04.002
http://www.sciencedirect.com/science/journal/07533969
http://crossmark.crossref.org/dialog/?doi=10.1016/j.annpal.2017.04.002&domain=pdf
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Institutional Abbreviations: MDLCA: Museo Sardo di Geologia e
aleontologia “Domenico Lovisato”, Cagliari, Italy.

. Material and methods

The holotype carapace of Procyclanorbis sardus is curated, along
ith its natural mold, at MDLCA under the collection number
DLCA 14007. Other specimens (another carapace, a skull, and

dditional plastral elements) that were also originally referred to
. sardus by Portis (1901a) could not be located and we  agree with
otsakis (1985) that they were probably destroyed during World
ar  II. The partial carapace of a trionychid, also from the type

rea, that was subsequently referred to P. sardus by Comaschi Caria
1959) is also housed in the collections of MDLCA under the number

DLCA 14008.

. Geological setting

The Calcari di Cagliari Formation (Gandolfi and Porcu, 1967;
herchi, 1974) carbonate succession is represented by three main

ithofacies which are, from the bottom to top: “PietraCantone“,
Tramezzario” and “Pietra Forte”. Note that the names, informally
dopted in the most recent official geological map  (Barca et al.,
005), are derived from the names used by quarrymen.

The “Pietra Cantone” is composed of a stratified yellow marly-
renaceous limestone with common intense bioturbation. The
ntermediate lithofacies (“Tramezzario“) is represented by whitish
alcarenites, is locally marly and bears abundant bioclastic com-
onents, and shows widespread phenomena of synsedimentary
reccias, slumpings, erosional surfaces and faulting. The “Pietra
orte” represents mainly the top of the succession and consists
f massive coarse bioclastic (mainly rodalgal-mollusc) biostroma-
limestones [for further details on lithology and facies distribution
ee Barca et al. (2005)].

The Calcari di Cagliari Formation is considered to be late
iocene in age (Kotsakis, 1985; Zoboli and Pillola, 2016). The Tor-

onian/Messinian boundary is tentatively placed within the upper
art of the “Pietra Cantone” (Cherchi A., personal communication,
016).

The holotype carapace with its internal mold, as also the referred
kull and plastral elements described by Portis (1901a) and now
ost, as also the referred carapace imprint described by Comaschi
aria (1959), were all found in the Is Mirrionis area in Cagliari. The
ssociated reptile fauna from Is Mirrionis consists only of the type
aterial of the crocodylian Tomistoma calaritanum Capellini, 1890.
The entire area of Is Mirrionis and the adjacent Tuvixeddu and

uvumannu hills and Sant’Avendrace, currently inhabited but with
everal outcrops and sections still cropping-out, was intensively
uarried for building materials since historical times. The studied
aterial originates, in most likelihood, from the lower “Tramez-

ario” facies; therefore, we tentatively assign a Messinian age to
hese remains.

. Historical background

Portis (1901a) originally established the new species Procy-
lanorbis sardus on the basis of an incomplete carapace and its mold
rom the late Miocene of Is Mirrionis, Cagliari and Sardinia. The
ame author additionally referred to the same species a rather com-
lete but crushed skull and two plastral fragments from the same

ocality, as also another, partial carapace from the late Miocene

f Sassari, near Nulvi, northern Sardinia (Portis, 1901a). On the
asis of all this material, and mostly the morphology of the nuchal
nd the costals, Portis (1901a) considered Procyclanorbis sardus to
e the first European member of Pan-Cyclanorbinae,  a clade that
ntologie 103 (2017) 127–134

has extant representatives only in Africa and southern Asia, and,
at that time, a poor fossil record confined to few finds in the
Indian subcontinent (Lydekker, 1885, 1889). Portis (1901a) also
envisaged similarities of his new Sardinian pan-trionychid with
certain Central European finds, more specifically with Trionyx ger-
gensi Reinach von, 1900 from the early Miocene of Germany and
Trionyx preschenensis Laube, 1900 from the early Miocene of the
Czech Republic. He furthermore considered this resemblance as
adequate enough to suggest congeneric affinities between the Sar-
dinian, German and Czech specimens, therefore recombining both
T. gergensi and T. preschenensis into his new genus Procyclanor-
bis, and thereby treating them as the northernmost occurrences
of pan-cyclanorbines known to that date (Portis, 1901a).

Since then, only few mentions of Procyclanorbis sardus have
occurred in the chelonian literature. Furthermore, besides sporadic
simple mentions of just the name (e.g. Bergounioux, 1954; Kotsakis
and Palombo, 1979; Comaschi Caria, 1986; Kotsakis, 1989; Karl,
1999), only few authors have dealt with the taxonomic affinities of
the Sardinian taxon. Fucini (1912) was the first to express doubts
on the validity of the genus Procyclanorbis and stated that P. sardus
could only be differentiated from Trionyx pliocenicus Fucini, 1912
from the Pliocene of Tuscany, Italy, on the basis of minor morpho-
logical characters. Few years later, Hummel (1929, 1932) defied
Portis’s (1901a) original identification of the Sardinian material as
a cyclanorbine and he rather included it into Amyda,  recombining
it as Trionyx (Amyda) sardus.  Such subgeneric assignment was a
common practice for most European fossil trionychids according
to Hummel (1929), who erroneously also referred Trionyx triun-
guis to Amyda.  Bergounioux (1935) mentioned the presence of
the otherwise Czech taxon Trionyx pontanus Laube, 1895, in the
Miocene of Sardinia without providing any other information, but
it is now believed that this is rather an error, and that this author
intended to mean instead Trionyx sardus (Georgalis and Joyce,
2017). In the same paper, Bergounioux (1935) mentioned that
P. sardus was  also known from Switzerland, again most probably
an error. Comaschi Caria (1959) later described new trionychid
remains from the Miocene of Sardinia. The new finds originated
from the Miocene localities of Is Mirrionis (type locality of P. sardus)
and Sant’Avendrace, with the author assigning them to P. sardus
and the Oligocene French taxon Trionyx burdigalensis Bergounioux,
1935, respectively, but treating both species as members of Amyda
(Comaschi Caria, 1959). Few years later, in his compendium, Kuhn
(1964) continued to treat P. sardus as a pan-trionychine and a
member of Trionyx. Broin (1977) made a brief mention of P. sardus
stating that the referred skull that was  originally described by Portis
(1901a) belonged in fact to a cheloniid marine turtle. In his review
of the Italian trionychids, Kotsakis (1985) followed the opinion of
Broin (1977) that the referred skull does not belong to trionychids,
further mentioning that this specimen was  probably lost (destroyed
during the World War  II), and he tentatively treated all Miocene
finds from Sardinia as pertaining to one species, P. sardus,  which
he considered as a member of Trionyx. Delfino (2002) followed
Kotsakis (1985) and reported P. sardus as a tentative valid species of
Trionyx. Chesi (2009) also considered P. sardus as a member of Tri-
onyx but noted that the validity of this taxon should be tested using
a modern systematic approach. He further described new Sardinian
finds from the early Miocene locality of Noragugume, which he
treated as an indeterminate pan-trionychid (Chesi, 2009). In their
review of the Miocene reptiles housed at the MDLCA, Zoboli and
Pillola (2016) mentioned P. sardus and provided a new figure of
the actual preservation state of the holotype specimen. They addi-
tionally showed that the carapace referred to T. burdigalensis by

Comaschi Caria (1959) is in fact a cheloniid, and this specimen
is not located in a museum, but is a walled part of a fountain in
Sant’Avendrace (Cagliari). In their overview of all Old  World fossil
pan-trionychids, Georgalis and Joyce (2017) briefly discussed the
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tatus of P. sardus on the basis of its published descriptions. They
onsidered that the referred skull and plastral elements belong in
act to cheloniids, whereas the holotype carapace and the other
wo referred carapaces of Portis (1901a) and Comaschi Caria (1959)
epresent indeterminate pan-trionychines. As such, Procyclanorbis
ardus was considered to be a nomen dubium (Georgalis and Joyce,
017).

. Systematic paleontology

Class: Reptilia Laurenti, 1768
Order: Testudines Batsch, 1788
Family: Trionychidae Gray, 1825
Sub-Family: Pan-Trionychinae Georgalis and Joyce, 2017

Pan-Trionychinae indet. (Figs. 1–3)
Synonymy:
1901a Procyclanorbis sardus Portis: Plate 1 Plate 1.
1912 Procyclanorbis sardus Portis: Fucini, 1912, p. 3.
1929 Trionyx sardus Portis: Hummel, 1929, p. 25.
1954 Procyclanorbis sardus Portis: Bergounioux, 1954, p. 191.

1959 Amyda sardus Portis: Comaschi Caria, 1959, p. 38.
1977 Procyclanorbis sardus Portis: Broin 1977, p. 191.
1979 Procyclanorbis sardus Portis: Kotsakis and Palombo, 1979,

. 624.

ig. 1. The original plate of Portis (1901a) with the holotype carapace of Procyclanorbis sa
ow  lost partial left hyo-hypoplastron (now identified as a probable cheloniid). C. The no
lanche originale de Portis (1901a) avec l’holotype de Procyclanorbis sardus (Carapace) et le 

ujourd’hui perdu (maintenant identifié comme un chéloniidé probable). C. Crâne aujourd’hu
ntologie 103 (2017) 127–134 129

1983 Trionyx sardus Portis: Esu and Kotsakis, 1983, p. 198.
1986 Amyda sarda Portis: Comaschi Caria, 1986, p. 29.
Description of the holotype:
Portis (1901a) described both the carapace and its internal mold,

but figured only the former specimen. Judging from the published
figure (Fig. 1) and the current preservation state of this specimen
(Fig. 2), it seems that it has suffered a lot of damage since its orig-
inal description. Indeed, the carapace is much better preserved in
Plate 1.1 of Portis (1901a), while currently the posterior half of
the specimen is almost totally missing. Such damage was  proba-
bly caused during the World War  II, although Portis (1901a) already
mentioned that the whole turtle material from Is Mirrionis had suf-
fered damage during the transport from Cagliari to Turin, where the
author was based at that time.

Judging from the published figure and the original description,
where the specimen appears more complete (Fig. 1a), it seems
that the holotype pertains to a medium-sized trionychid, with a
carapace length of about 45 cm.  The margins of the carapace, how-
ever, are universally not preserved. Especially, the latter margin
is severely deformed, rendering the size of last costals ambiguous.
There is no preneural. The nuchal is rather enlarged and sits anterior
to the disc formed by the costals. There are seven neurals. The first

two neurals are large and elongated, especially neural I which is
also relatively wide. It is not possible to determine whether there
is a reversal in the neural orientation, as is the typical condition

rdus and the referred plastral and cranial material. A. The holotype carapace. B. The
w lost skull (now identified as a probable cheloniid).
matériel référé (plastron et crâne). A. Carapace, holotype. B. Hyo-hypoplastron gauche
i perdu (maintenant identifié comme  un chéloniidé probable).
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Fig. 2. The current state of preservation of the holotype partial carapace (MDLCA 14007) of Procyclanorbis sardus (A, C) and its imprint (B, D). Abbreviations: Nu–nuchal,
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tat de conservation actuel de l’holotype (carapace partielle) (MDLCA 14007) de Procy
–IV,  C1–C5 - costales I–V.

or pan-trionychines (Meylan, 1987). The last neural meets at the
idline costals VI and the anteriormost part of costals VII. There

re eight pairs of costals. Costals are relatively large, with costals II
eing distally expanded, whereas costals VIII seem to be reduced
nd short and fully meet at the midline of the carapace. However,
he reduced size of costals VIII should be taken with caution, due
o the breakage at the posterior margin of the carapace. The sculp-
uring pattern consists of a network of ridges at the lateral margins
f the carapace, whereas it slightly fades towards the center of the
hell, consisting mostly of small tubercles at the neural region. The
culpturing in the nuchal region has been totally faded out and it is
mpossible to state the nature of that pattern at this region of the
hell.

In the current and severely damaged form, only the anterior part
f the carapace is preserved (Fig. 2). As such, only the nuchal, the
rst four neurals, the first four right and first three left costals can
e observed, whereas in its natural mold, remnants of the nuchal
nd the first five left and four right costals are preserved (Fig. 2).
f course, the visible preserved features in the imprint should not

e taken into full consideration, as they do not reliably reflect the
xternal arrangement of the bones (Georgalis and Joyce, 2017).
ndeed the size, shape and inclination of all preserved costals are
adically different from those observed in the actual carapace. The
bis sardus (A, C) et son empreinte (B, D). Abréviations : Nu - nucale, N1–N4 - neurales

sculpturing pattern is currently not well preserved, and it appears
that it has severely faded out (Fig. 3).

6. Discussion

6.1. Taxonomic identification and status of Procyclanorbis
sardus

A vast number of trionychid taxa have been named from the
European Miocene, in particular from the central and southern
parts of the continent (Georgalis and Joyce, 2017). The validity of the
majority of these species has been recently rejected by Georgalis
and Joyce (2017), who demonstrated the presence of two differ-
ent pan-trionychid lineages in the European Miocene, belonging
to the extant pan-trionychine genera Rafetus and Trionyx. Accord-
ing to these authors, only differences in the number and extent
of sculpturing callosities on the plastron is a reliable character for
discriminating fossils of these two lineages based on shell mate-
rial, and minor carapacial characters among Rafetus and Trionyx,

such as differences in the size of the last costals, should be bet-
ter considered tentative and variable. Furthermore, the presence of
pan-cyclanorbines in the European fossil record was  recently dis-
carded, as the European purported member of this clade, Trionyx
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Fig. 3. A close up of the sculpturing pattern of MDLCA 14007 (holotype of Procy-
clanorbis sardus).
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ously occurred in the Mediterranean islands (Georgalis and Joyce,
ue rapprochée sur l’ornementation de la carapace MDLCA 14007 (holotype de Procy-
lanorbis sardus).

elitensis Lydekker, 1891, from the Miocene of Malta, was  shown
o be in fact a cheloniid (Georgalis and Joyce, 2017; see below).
herefore, only material containing plastral elements could be ade-
uately assigned to either Rafetus or Trionyx. The identification of
he now lost partial hyo-hypoplastron referred to P. sardus by Portis
1901a) as a probable cheloniid (see below), leaves the Sardinian
orm as a carapace based only taxon. For this reason, in addition
ith the incomplete nature of the holotype, P. sardus has to be

onsidered to be a nomen dubium, pertaining an indeterminate
an-trionychine.

Portis (1901a) envisaged his new species Procyclanorbis sardus
s pertaining to cyclanorbines. He noted strong resemblance with
he extant African cyclanorbine genera Cyclanorbis and Cycloderma,
hereas among extinct taxa, Procyclanorbis sardus was  most simi-

ar with Trionyx gergensi and T. preschenensis,  for which he formally
uggested congeneric affinities with his new Sardinian form (Portis,
901a). However, all such affinities were proposed on the basis
f highly variable characters, such as the sculpturing pattern and
he shape and size of costals and neurals (Meylan, 1987; Vitek
nd Joyce, 2015). Furthermore, the type carapace of P. sardus can
e readily excluded from Pan-Cyclanorbinae by the absence of a
reneural and the lack of split costiform processes on the nuchal
Meylan, 1987). Additionally, the carapacial sculpturing of P. sardus
s not so prominent as that of extant cyclanorbines. Furthermore,
he suggestion of Hummel (1929, 1932) and Comaschi Caria (1959)
hat the Sardinian taxon belongs to Amyda,  is also attributed to
ighly homoplastic and variable characters and the latter genus
hould be confined only to Asian forms. In particular, judging

rom the carapace morphology, it seems most probable that P. sar-
us belongs to the same lineage with trionychines, although the
bsence of plastral material prevents any definite conclusion. Exact
ntologie 103 (2017) 127–134 131

affinities with the three valid pan-trionychid taxa from the Neo-
gene of Europe, Rafetus bohemicus (Liebus, 1930), from the Miocene
of the Czech Republic, Trionyx vindobonensis Peters, 1855, from
the Miocene of central and western Europe, and Trionyx plioceni-
cus Fucini, 1912, from the Pliocene of Italy, cannot be made with
certainty due to the absence of plastral material for the Sardinian
taxon. As was  stated above, the holotype carapace of P. sardus seems
to bear rather small costals VIII, a common feature of the Rafetus
lineage. However, the damaging of the posterior margins of the
carapace hinders the exact shape and size of these elements, and
we are therefore reluctant to make any generic assignment of the
Sardinian form. As such, the fact that there is no reliable plastral
material, in addition with the incomplete nature of the holotype
and its unfortunate subsequent severe damaging, prompt us to
consider Procyclanorbis sardus to be a nomen dubium.

Regarding the skull that was originally referred to Procyclanorbis
sardus by Portis (1901a), this specimen is now lost, but it was  at least
figured. Broin (1977) and subsequently Esu and Kotsakis (1983) and
Kotsakis (1985) considered that this specimen does not belong to
pan-trionychids, but instead it has cheloniid affinities. Indeed, judg-
ing from the published image of this specimen (Fig. 1c), it seems
that the skull did not belong to pan-trionychids: its basicranium
appears to be extremely slender (and not broad as in most pan-
trionychids) and possibly also, prepalatine foramina are present
(which are totally absent in pan-trionychids).

The plastral fragments that were originally referred by Portis
(1901a) to Procyclanorbis sardus correspond to a partial left hyo-
hypoplastron. This material is also lost, probably during the World
War  II. In any case, judging from the published figure of the
original publication (Fig. 1b), and the shape and the size of the hyo-
hypoplastron, it seems that these elements also pertain to a marine
turtle. Indeed, even in the original description, Portis (1901a)
admitted that at first glance this plastral material seemed to per-
tain to a cheloniid, but after his subsequent study he denoted strong
resemblance with the plastron of the extant African cyclanorbines
Cyclanorbis and Cycloderma. Pan-cyclanorbine hyo-hypoplastra are
characterized by their fusion soon after hatchling (Meylan, 1987).
Portis (1901a) also stated the presence of sculpturing on the hyo-
hypoplastron, though this character could not be evaluated in the
accompanying image of the specimen. On the basis of the only
existing and poor quality figure, the plastral elements referred to
P. sardus seem to have stronger resemblance to cheloniids rather
than that of any pan-trionychid.

As for the putative, now lost, carapace from Sassari, Portis
(1901a) only briefly described this specimen, without figuring it,
stating that this specimen was smaller than the holotype and
apparently pertained to a younger individual. Fortunately, how-
ever, the partial carapace imprint from the type locality described
by Comaschi Caria (1959) as referable to P. sardus is still located in
the collections of MDLCA under the accession number 14008. How-
ever, this specimen also has suffered severe degradation since its
original description (Fig. 4). Although it was  initially an almost com-
plete imprint of a carapace, missing only its upper right and lower
margins of the shell, in its current state of preservation, large parts
of the carapace imprint are missing and the edges of most costals
have faded. We  consider this specimen as well to be an indeter-
minate pan-trionychine, on the basis of the absence of peripherals
and shell scutes.

6.2. Trionychids from the Mediterranean Islands

As evidenced by the fossil record, soft-shelled turtles vari-
2017). This clade has no extant representatives in the Mediter-
ranean islands, although living individuals of Trionyx triunguis have
been repeatedly reported from the Dodecanese Islands in Greece,
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Fig. 4. The current state of preservation of the trionychid referred to Procyclanorbis
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tat de conservation actuel du trionychidé rapporté à Procyclanorbis sardus par
omaschi Caria (1959) (MDLCA 14008).

pecifically Kos, Symi, Leros, Kalymnos and Rhodes, some kilome-
ers away from the southwestern coast of Asia Minor (Corsini-Foka
nd Masseti, 2008). However, these sightings of living individuals of
. triunguis should be better considered as random cases of marine
ispersals across narrow straights of the Aegean Sea, as this species
as been well documented to swim at certain marine distances

rom the coast (Taskavak et al., 1999). Nevertheless, most fossil
nds from this region are rather fragmentary, hindering the exact
axonomic affinities of the Mediterranean Islands pan-trionychids.
uch remains have been found in the Eocene of the Balearic Islands
Mallorca; Jiménez Fuentes et al., 1990) and Sardinia (Kotsakis,
985), and the Miocene of Cyprus (Reed, 1932; Hadjisterkotis et al.,
000), Crete (Georgalis et al., 2016), Sicily (De Gregorio, 1883), and
f course Sardinia. Among these, only the Miocene Sardinian and
icilian material has been identified at the species level, with the
wo supposedly endemic taxa Procyclanorbis sardus and Trionyx
agusensis De Gregorio, 1883, respectively. The latter occurrence
s rather problematic, as the only known specimen is lost and
as never been figured, and therefore, T. ragusensis should bet-
er be considered a nomen dubium (Georgalis and Joyce, 2017).
uriously, pan-trionychids are totally absent from the well-known
iocene faunas of the Aegean Islands (Georgalis and Kear, 2013),
ith the exception of Crete, from where they were only recently
escribed (Georgalis et al., 2016). Additionally, their total absence
rom Corsica seems bizarre, as pan-trionychids are abundant in the
ate Paleogene and Neogene of southern France and northwestern
nd central western Italy (e.g. Portis, 1879, 1883; Ristori, 1895;
ergounioux, 1933). The case of Malta is intriguing, as from that
sland, Lydekker (1891) established Trionyx melitensis,  a purported
rionychid that was either assigned to cyclanorbines (Lapparent de
roin and Van Dijk, 1999), Trionyx sensu lato (Kotsakis, 1985), or the
sian Nilssonia lineage (Hummel, 1929). However, Georgalis and
ntologie 103 (2017) 127–134

Joyce (2017) recently showed that the holotype and only known
specimen of T. melitensis pertains to a cheloniid, and more specifi-
cally to Trachyaspis or a Trachyaspis-like genus, a marine turtle that
is characterized by a distinctive sculpturing pattern. Other pur-
ported occurrences of fossil trionychids from Malta (Gulia, 1843;
Cooke, 1890) most probably pertain to the same individual, the
holotype of T. melitensis (Zammit-Maempel, 1979). Accordingly,
the holotype of P. sardus remains the most complete fossil pan-
trionychid specimen from the Mediterranean Islands.

Of course the paleogeography of the Mediterranean Islands
was totally different during the Paleogene and the Neogene, with
certain islands either connected with the European and African
mainland or emerging only more recently (Esu and Kotsakis, 1983;
Rögl, 1999). This fact inevitably hinders our understanding of the
Mediterranean Islands trionychids, and it cannot be known with
certainty if they represent indeed insular forms or are simply repre-
sentatives of continental taxa. The scarceness of fossil trionychids
from North Africa (Georgalis and Joyce, 2017) also hampers this
situation, although few complete finds clearly denote the pres-
ence of the Trionyx triunguis lineage already in that region (Wood,
1987). In the case of Sardinia and Procyclanorbis sardus,  during the
Tortonian–Messinian the Sardo-Corsican Massif and the Tuscany
area formed an archipelago of islands, isolated from continental
Europe (Casanovas-Vilar et al., 2011). This insular paleobioprovince
comprised a highly unique island vertebrate fauna, as it is testified
by fossils recovered from the Fiume Santo locality (Portotorres,
northwestern Sardinia), which include the primate Oreopithecus
and several peculiar bovids and rodents (Abbazzi et al., 2008b).
Consequently, we  suggest that P. sardus was an insular taxon. Sub-
sequently, the Sardinia-Corsica area was isolated from Tuscany by
the mid–late Messinian due to the opening of the Tyrrhenian Sea
(Palombo, 2009).

7. Conclusions

The holotype shell of Procyclanorbis sardus Portis, 1901a, is
described herein and the taxonomic status of this species is
reevaluated. New and detailed figures of the holotype (including
interpretative drawings), which has suffered severe damaging since
its original description, are provided. Affinities of P. sardus with
cyclanorbines are discarded on the basis of its shell anatomy, and
the Sardinian taxon clearly belongs to trionychines. However, a
referral to either Rafetus or Trionyx, the trionychine lineages that are
present in the Miocene of Europe, is currently not possible. The skull
and the hyo-hypoplastron that were originally referred to P. sardus
by Portis (1901a), belong in fact to cheloniid turtles. Procyclanorbis
sardus is considered to be an indeterminate pan-trionychine and
the name is considered a nomen dubium. However, even if it does
not bear distinctive diagnostic features, the holotype specimen of
P. sardus represents the best-preserved trionychid fossil from the
Mediterranean Islands.

Despite a conspicuous fossil record (Delfino, 2002; Chesi et al.,
2007; Chesi, 2009), the only valid turtle species from Sardinia is
therefore Testudo pecorinii Delfino, 2008 that was  described on the
basis of a complete shell from the Early Pleistocene of the D4 local
fauna of Capo Mannu (Abbazzi et al., 2008a). The status of nomen
dubium for the trionychid turtle Procyclanorbis sardus Portis, 1901a
follows that of Palaeopython sardus Portis, 1901, whose holotype
was originally referred to a pythonid snake (Portis, 1901b), but
that is in fact an indeterminate acanthomorphan fish (Delfino et al.,
2014). Similarly, we planned the revision of Tomistoma calari-

tanum Capellini, 1890, because is not clear if this species, originally
described in two  papers published in the same year (Capellini,
1890a, b) is valid or not (see Kotsakis et al., 2004, and Piras et al.,
2007, and literature therein) and the type was severely damaged
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uring the World War  II, and therefore few morphological char-
cters are left for its revision. The revision of type materials and
he retrieval of new remains from the type or neighboring local-
ties [not always possible but very useful; see Zoboli et al. (2016)
or a recent example concerning a Sardinian monkey] is mandatory
o reassess the validity of taxa that were erected in the late nine-
eenth or early twentieth century by enthusiastic paleontologists
hat knew very well the literature, but had little direct familiarity
ith the morphology and variation of extant and extinct reptiles

Delfino et al., 2014).
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a  b  s  t  r  a  c  t

Necrosaurus  cayluxi  is  an  enigmatic  lizard  from  the  Paleogene  of  the  Phosphorites  of  Quercy,  France  that
was  first  mentioned  in  the  19th  century.  Although  it is  generally  believed  that  Filhol  was  the  author
who  established  this  taxon,  I am  herein  demonstrating  that  authorship  should  in  fact  be attributed  to
Zittel,  a fact  that  also  influences  not  only  its generic  nomenclature,  but also  its  appropriate  type material.
As  such,  the  valid  name  for this  taxon  should  be  Palaeovaranus  cayluxi  and  its holotype  is  a left  maxilla.
Additionally,  Ophisauriscus  eucarinatus  from  the  middle  Eocene  of Geiseltal,  Germany,  another  taxon  that
was previously  assigned  to Necrosaurus, is herein  shown  to be a  nomen  dubium,  whereas  Melanosauroides
giganteus  from  the  same  locality,  is  considered  a valid  species  and is recombined  as Palaeovaranus  gigan-
teus  comb.  nov.  The  suggested  changes  in nomenclature  also  affect  “Necrosauridae”,  a  poorly  defined
clade  of lizards  from  the Cretaceous–Paleogene  of Europe,  North  America,  and  Asia.  In  order  to main-
tain  nomenclatural  stability  and  define  a monophyletic  lineage,  I am  here  establishing  the  new  family
Palaeovaranidae  fam.  nov.,  which  includes  solely  the genus  Palaeovaranus. The  known  occurrences  of
Palaeovaranus  across  the  Paleogene  of Western  Europe  are discussed.

©  2017  Elsevier  Masson  SAS.  All  rights  reserved.
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r  é  s  u  m  é

Necrosaurus  cayluxi  est  un lézard  énigmatique  du  Paléogène  des  Phosphorites  du  Quercy,  France,  qui
a  été  mentionné  pour  la  première  fois  au  19e siècle.  Bien  qu’il  soit  généralement  admis  que  Filhol  est
l’auteur  qui  a établi  ce  taxon,  je démontre  ici  que  la  paternité  devrait  en  fait  en  être  attribuée  à Zittel,  ce
qui  influence  également  non  seulement  la  nomenclature  générique,  mais  aussi  le matériel  type  appro-
prié.  En  tant  que  tel,  le nom  valide  pour  ce  taxon  devrait  être Palaeovaranus  cayluxi  et  son  holotype  est
un  maxillaire  gauche.  En  outre,  Ophisauriscus  eucarinatus  de  l’Éocène  Moyen  de  Geiseltal,  Allemagne,
autre  taxon  précédemment  assigné  à Necrosaurus,  est considéré  comme  étant  un  nomen  dubium,  tan-
dis  que  Melanosauroides  giganteus  de  la  même  localité  est  considéré  comme  une  espèce  valable  et  est
recombinée  comme  Palaeovaranus  giganteus  comb.  nov.  Les  changements  suggérés  dans  la nomenclature

affectent  également  les  « Necrosauridae  », un  clade  mal  défini  de  lézards  du  Crétacé–Paléogène  d’Europe,
d’Amérique  du Nord  et  d’Asie.  Afin  de  maintenir  la  stabilité  de  la  nomenclature  et de  définir  une  lignée
monophylétique,  j’établis  ici la  nouvelle  famille  Palaeovaranidae  fam.  nov.,  qui  comprend  uniquement  le

exemples  connus  de  Palaeovaranus  à  travers  le Paléogène  d’Europe  occidentale
genre Palaeovaranus. Les  
sont  discutés.
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. Introduction

The Phosphorites of Quercy (“Phosphorites du Quercy”) in
outhern France have been known since the 19th century and have
ielded a large array of fossil vertebrate finds that span stratigraphi-
ally from the early Eocene (MP  8+9) until the early Miocene (MN  3),
hough the majority of the respective fossiliferous localities ranges
etween the late middle Eocene (MP  16) and the late Oligocene (MP
8) (Rage, 2006; Rage and Augé, 2015). Among this bulk of mate-
ial, the French palaeontologist Henri Filhol mentioned in a series
f papers the presence of a large lizard and noted strong resem-
lance with modern monitor lizards (Varanidae) (Filhol, 1873,
876, 1877a,b,c). Curiously, Filhol used a single specific epithet
ut three different generic names for this animal in an array of
ubsequent papers: Palaeosaurus cayluxi,  Necrosaurus cayluxi,  and
alaeovaranus cayluxi (Filhol, 1873, 1876, 1877a,b,c)! The genus
ame Necrosaurus is the most widely accepted one in modern liter-
ture and it is currently considered that it is not a varanid but rather
epresents a more distantly related form (Estes, 1983; Augé, 2005).
his taxonomic view is also complemented by additional finds from
he Paleogene of Europe and even a new family, Necrosauridae,
as established in order to encompass them and denote their dis-

inctiveness (Hoffstetter, 1943; Estes, 1983; Augé, 2005). However,
y studying the primary literature and the 19th century papers
entioning this enigmatic reptile from Quercy, I am here demon-

trating that the current nomenclature surrounding Necrosaurus is
rroneous and that this affects also the identification of the type
aterial and the taxonomic content of this genus.
Institutional Abbreviations:  AMNH, American Museum of Natu-

al History, New York, USA; BSPG, Bayerische Staatssammlung für
aläontologie und historische Geologie, Munich, Germany; GMH,
eiseltalmuseum of Martin-Luther Universität Halle-Wittenberg,

ow referred to as the Geiseltalsammlung, housed as part of
he Zentralmagazin Naturwissenschaftlicher Sammlungen, Halle,
ermany; HNHM, Hungarian Natural History Museum, Budapest,

ig. 1. The originally figured dentary and femur of “Palaeovaranus cayluxi” taken from F
ame exactly lithograph was  also featured in Filhol (1877b,c). Femur MNHN.F.QU17626, m
ithograph (B). Scale bar = 1 cm.  Photograph by G. Georgalis, courtesy of MNHN.
igures du dentaire et du fémur de « Palaeovaranus cayluxi » extraites de la planche lithogra
lanche lithographique a également été publiée dans Filhol (1877b,c). Fémur MNHN.F.QU176
ilhol (1877a,b,c) (B). Barre d’échelle = 1 cm. Photographie par G. Georgalis, autorisation de M
ologie 103 (2017) 293–303

Hungary; MFGI, Magyar Földtani és Geofizikai Intézet, Budapest,
Hungary; MNHN, Muséum national d’Histoire naturelle, Paris,
France; NHMUK, Natural History Museum, London, United King-
dom.

2. Necrosaurus cayluxi or Palaeovaranus cayluxi?

The first mention of a “necrosaurid” lizard was originally made
by Filhol (1873) who introduced the name Palaeosaurus cayluxi
for fossil remains from the Phosphorites of Quercy, France. In that
short contribution, Filhol (1873:89) only mentioned that this ani-
mal  was of large size (“un Lézard égalant l’Iguane”) and that its
skeletal remains resembled those of extant varanids (“une analo-
gie remarquable avec l’ancien genre Monitor de Cuvier”), without,
however, mentioning any character denoting this resemblance.
In any case, the original generic name Palaeosaurus was  already
preoccupied by the, now considered indeterminate archosaur,
Palaeosaurus Riley and Stutchbury, 1836. Three years later, Filhol
(1876) provided another name, Necrosaurus cayluxi,  for this taxon,
referring also to this a fragment of a dentary (“une portion de
maxillaire inférieur”), and stated again the resemblance of this
taxon with extant varanids (“qui me  paraissait avoir de grandes
affinités, d’après les os des membres que j’avais pu étudier, avec
le genre Monitor”) (Filhol, 1876:27). The following year, in three
almost identical papers, Filhol (1877a,b,c) again provided a new
name, Palaeovaranus cayluxi,  and figured the respective mate-
rial (a partial dentary and a femur) for the first time (Fig. 1A).
However, he still did not describe the material and only consid-
ered this lizard as having close affinities with extant varanids
(“Sauriens très-voisins des Varans et des Monitor”), whereas at
the same time he also speculated close and probable conspecific
ilhol’s (1877a: plate 26) lithograph, herein referred to Palaeovaranus sp. (A). The
ost probably representing the same specimen as the femur in Filhol’s (1877a, b, c)

phique de Filhol (1877a : planche 26), rapportés ici à Palaeovaranus sp. (A). La même
26, représentant probablement le même  spécimen que le fémur dans la lithographie de
NHN.

(an incorrect spelling of Varanus margariticeps Gervais, 1876, now
considered an indeterminate glyptosaurine anguid [Augé, 2005])
(Filhol, 1877a,b,c).
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Fig. 2. The holotype of Palaeovaranus cayluxi (originally kept in BSPG, now probably lost) as being figured in the original lithograph of Zittel (1887–1890) (A) and the
photograph of Fejérváry (1935) (B), (C). Note that the specimen in (A) seems like a right (and not left) maxilla, but it is in fact the reverse image, as is the common practice
in  lithography. (A), (B) represent the lingual view and (C) represents the labial view. Scale bar = 1 cm,  adapted according to Fejérváry’s (1935) measurements.
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It is thus obvious, that in his first two papers, Filhol (1873,
876) failed to provide any kind of even a brief description, def-

nition, or indication to a previously published description, which
re the minimum requirements for availability of zoological names
n publications before 1931 (ICZN, 1999:Article 12.1). Indeed, the
dentification of a single specimen as a dentary (Filhol, 1876) or a
eneral comment about the large size of a lizard (Filhol, 1873) can-
ot be considered descriptions, neither also the fact that the author
onstantly noted resemblance of his taxon with modern varanids.
egarding Filhol’s (1877a,b,c) papers, which were the only that
rovided figures of the material, they still contained no descrip-
ion or definition. According to ICZN (1999:Article 12.2.7) though,
n illustration of the material consists indeed of an indication for
ublications prior to 1931, and as such this could fulfill the min-

mum requirements of ICZN (1999) for availability of the name
alaeovaranus cayluxi that he suggested. However, by expressing
is assumption that his taxon could probably be conspecific with
aranus margaritiferus (sic) and not a distinct form, Filhol (1877a,
, c) still failed also to render Palaeovaranus cayluxi available, as
he author was uncertain about its validity, a criterion that is
bligatory for ICZN (1999:Article 11.5), which clearly states that
[t]o be available, a name must be used as valid for a taxon when
roposed, unless it was first published as a junior synonym and sub-
equently made available under the provisions of Article 11.6.1”.
ote also that Article 11.6.1 about availability of names originally

ntroduced as junior synonyms, cannot apply in this case, as Filhol
1877a,b,c) did not formally render his Palaeovaranus cayluxi as a
ynonym of Varanus margaritiferus (sic). Therefore, all the three
ames created by Filhol for this animal do not fulfill the minimum
equirements of ICZN (1999:Article 12.1) for availability of zoo-
ogical names established prior to 1931. Accordingly, Palaeosaurus
ilhol 1873, Necrosaurus Filhol 1876, Palaeovaranus Filhol 1877a,b,c,
alaeosaurus cayluxi Filhol, 1873, Necrosaurus cayluxi Filhol 1876,
nd Palaeovaranus cayluxi Filhol 1877a,b,c, are all nomina nuda and
o attribution of these genera or the species epithet “cayluxi” to
ilhol can be made.

Richard Lydekker further complicated the taxonomic status of
his lizard, as he initially briefly mentioned that Filhol had described
n imperfect mandibular ramus from the late Eocene of Quercy
nder the name Palaeovaranus cayluxi (Lydekker, 1886), whereas
oon after, and during a single year, he proposed two  different
axonomic opinions regarding its affinities and validity: one sug-
esting that Palaeovaranus cayluxi is a valid taxon with clear varanid
ffinities (Lydekker, 1888b) and one considering the former as syn-
nymous with Varanus (his Placosaurus) margariticeps (Lydekker,
888a). In his both contributions though, he rejected varanid affini-
ies for the Filhol’s (1877a,b,c) originally figured femur (Lydekker,

888a, b). Interestingly also, Lydekker (1888a:279) described and
gured additional vertebrae from Quercy housed at NHMUK, which
e referred to Placosaurus margariticeps,  but which have since been
eferred indeed to Palaeovaranus cayluxi (as Necrosaurus cayluxi)
intenant), tel qu’il est figuré dans la lithographie originale de Zittel (1887–1890) (A) et
xillaire droit (et non gauche), mais c’est en fait une image inversée, pratique courante
chelle = 1 cm, adaptée selon les mesures de Fejérváry (1935).

(Hoffstetter, 1943; Augé, 2005). Accordingly, although Lydekker
(1888a) provided description of these vertebrae, authorship of
Palaeovaranus cayluxi cannot be attributed to him, as he considered
the name invalid (junior synonym of Placosaurus margariticeps)
(ICZN, 1999:Article 11.5). In a similar way, his other same year’s
publication (Lydekker, 1888b) failed also to comply with the rules
of ICZN (1999) for availability of names prior to 1931, as this pro-
vided no description, definition or indication. This applies also to
the first mention of Palaeovaranus cayluxi by this author (Lydekker,
1886), as his mention that Filhol had described this taxon cannot
be an indication according to ICZN (1999), due to the fact that the
French author had never in fact described it. It is worth noting that
at the same year with Lydekker’s (1888a, b) publications, a brief
mention about Palaeovaranus cayluxi was also made by Weithofer
(1888), but this still also lacked any kind of description, definition
or indication.

The first formal description that treated this species as valid was
only provided by Zittel (1887–1890), who briefly described and fig-
ured a maxilla (in lingual view) from “Labenque” (an erroneous
spelling for the village of Lalbenque) under the name Palaeovaranus
cayluxi (his fig. 540; this paper, Fig. 2A). Zittel (1887–1890:609)
noted again resemblance with Varanus and only briefly described
the shape of teeth of the maxilla as strong, sharply pointed and
slightly curved (“welche sich durch kräftige, scharf zugespitzte
und etwas gekrümmte, an der Basis gestreifte Zähne auszeichnet”).
Nevertheless, this rather brief description complies with the min-
imum requirements of ICZN (1999:Article 12.1) for availability of
zoological names established prior to 1931 for nomenclatural pur-
poses. Therefore, Zittel (1887–1890) was  the first to make the name
available for this fossil lizard from France. The same author also ten-
tatively referred to the same taxon an axis and an anterior caudal
vertebra (Zittel, 1887–1890).

The fact that Zittel was  the author who made the name avail-
able remained largely unnoticed by most subsequent workers who
attributed authorship to Filhol but nevertheless, until the early
1940’s, they utilized the name Palaeovaranus cayluxi (Roger, 1898;
Eastman, 1902; De Stefano, 1903, 1905; Nopcsa, 1908; Broili, 1911;
Boulenger, 1918; Gilmore, 1928; Fejérváry, 1935; Kuhn, 1939a,
b, 1940b; Romer, 1945), with only few exceptions (Fejérváry,
1918; Dunn, 1927). Roger (1898) made a brief mention on Palaeo-
varanus cayluxi and continued to refer the taxon to varanids. In
the English translation of Zittel’s great compendium, Eastman
(1902) reproduced the lithograph of Zittel’s (1887–1890) max-
illa of Palaeovaranus cayluxi and mentioned it among the other
then known fossil lizards from Quercy. De Stefano (1903) used
the generic name Palaeovaranus for “cayluxi”, and he further estab-
lished another taxon of this genus, Palaeovaranus filholi, on the basis

of abundant cranial, vertebral and appendicular material, also from
Quercy. The same author continued to use the name Palaeovaranus
on his palaeoherpetofaunal lists of Quercy in his subsequent arti-
cle two years later (De Stefano, 1905). Nopcsa (1908) also used
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he generic name Palaeovaranus but challenged the specific dis-
inction of P. filholi from P. cayluxi,  although he did not formally
ynonymize them. Broili (1911) also used the name Palaeovaranus
ayluxi,  reproduced the original lithograph of Zittel’s (1887–1890)
gured maxilla, and mentioned that this taxon is the oldest mem-
er of Varanidae. A brief mention on Palaeovaranus cayluxi was also
ade by Boulenger (1918), with comments on its affinities with

aranus margariticeps.  In his first important monograph on vara-
oid lizards, Fejérváry (1918) considered P. cayluxi as belonging
o Varanus and he further reinstated the status of the original right
emur as belonging to a varanid. He also provided a new drawing of
ittel’s (1887–1890) maxilla whereas he additionally, significantly
xpanded the stratigraphic distribution of this taxon by tentatively
eferring to it material from the middle Miocene of La Grive, France
Fejérváry, 1918), which was, however, subsequently shown to per-
ain to a true varanid (Varanus cf. hofmanni of Hoffstetter, 1969). It
eems that, for some reason, Fejérváry (1918) considered that Fil-
ol had indeed described this taxon and that is why  he attributed
uthorship to the French author, although in the same manuscript
e admitted that Filhol made “a study of very superficial nature,
ot even containing a real, particular description of the fossils”
Fejérváry, 1918:350]. Following the view of Fejérváry (1918), the
eneric attribution of “cayluxi” to Varanus was also followed by
unn (1927). Nevertheless, Fejérváry reassessed his initial taxo-
omic opinion, and in his subsequent, posthumous, large treatise
n monitor lizards, he used the binomen Palaeovaranus cayluxi for
his lizard from Quercy (Fejérváry, 1935). He described this taxon
n extensive detail, provided an approximate size estimation (aver-
ge total length around 1.2 m)  and even a life reconstruction of
he animal, and among the new material he referred to it, which
omprised several dentaries, maxillae, ribs and appendicular ele-
ents, he distinguished also the original maxilla of Zittel, for which

e provided the first photographs (Fejérváry, 1935) (his figs. 1, 2
n plate 10; this paper, Fig. 2B, C). He furthermore provided more
etailed locality data for the respective material, mentioning that it
riginates from “Escamps near Lalbenque, (Dep. Lot), Quercy, Cay-
ux (Dep. Tarn-et-Garonne), France” (Fejérváry, 1935:57), a locality
hat is now known to pertain to the late Eocene (MP  19) (Augé,
005). Fejérváry (1935) also mentioned that this material of Palaeo-
aranus cayluxi that he described was labeled into the collections of
SPG under the binomen “Palaeovaranus cadurcensis”, which is of
ourse not an available name (ICZN, 1999:Article 12.3), and as such,
hould not be further taken into consideration. Gilmore (1928)
riefly referred to Palaeovaranus cayluxi by noting the strong resem-
lance in tooth morphology between the Quercy taxon and his new
retaceous North American species Parasaniwa wyomingensis.  The
ame author also mentioned Palaeovaranus (using no species epi-
het) few years layer and compared the curvature of its teeth with
hat of his new taxon Provaranosaurus acutus Gilmore, 1942, from
he Paleocene of Wyoming (Gilmore, 1942). Weigelt (1929) ten-
atively referred nineteen vertebrae from the Eocene of Geiseltal
Quarry “Cecilie I [MP  13/?14]), Germany, to Palaeovaranus (men-
ioning no species epithet), but this material was later realized by
uhn (1939a) to belong to a booid snake (after my  personal obser-
ation of this material [GMH CeI-5837-1926] I fully concur with its
nake affinities). Kuhn (1939a,b, 1940b) and Romer (1945) were
he last authors who treated Palaeovaranus as the valid generic
ame for this lizard, but nevertheless, they later both changed
heir opinion and used Necrosaurus as well (Romer, 1956; Kuhn,
963), apparently influenced from the work of Hoffstetter (1943)
see below). Interestingly, Kuhn (1939a) considered that the verte-
rae of Palaeovaranus share a rather similar morphology to those of

he booid snake Paleryx and corrected the above-mentioned initial
dentification of Weigelt (1929) for the vertebrae from Geiseltal.
uhn (1940b) also figured two additional specimens (a maxillary

ragment and a partial dentary) from Quercy (his plates 9.12 and
ologie 103 (2017) 293–303

10.5) that he referred to Palaeovaranus cayluxi,  although he stated
the possibility that they could pertain to the North American genus
Parasaniwa Gilmore, 1928.

Judging from the above, Palaeovaranus was treated as the valid
genus name for this taxon for the first four decades of the 20th cen-
tury. However, on a rather vague statement and a misconception
that Filhol’s works included descriptions, the prominent squa-
mate researcher Robert Hoffstetter suggested that the appropriate
generic name for this lizard should be Necrosaurus and not Palaeo-
varanus. In fact, the only nomenclatural comment that Hoffstetter
(1943) provided was that the initial proposed Filhol’s genus name,
Palaeosaurus, was  preoccupied, and as such, the second chronolog-
ically provided Filhol’s name, Necrosaurus, should have immediate
priority. Nevertheless, Hoffstetter (1943) was  the first to recognize
the high distinctiveness between Necrosaurus cayluxi and Varanus
spp. and he established a new family, Necrosauridae, to accommo-
date the former taxon. He summarized all the up to then known
occurrences of “necrosaurids”, and he further assigned the verte-
brae figured by Lydekker (1888a) as Placosaurus margariticeps and
a caudal vertebra previously referred to Iguana europaea by De Ste-
fano (1903) to Necrosaurus. However, due to this nomenclatural
misconception, the name Palaeovaranus was never again treated
as valid ever since, and Necrosaurus was chosen as the appropri-
ate generic name by all subsequent workers (e.g. Hoffstetter, 1954,
1955, 1962a,b, 1969; McDowell and Bogert, 1954; Romer, 1956;
Hecht and Hoffstetter, 1962; Kuhn, 1963; Haubold, 1977; Mes-
zoely et al., 1978; Rage, 1978, 1984a, b, 1988, 2013; Rage and Ford,
1980; Rieppel, 1980; Estes, 1983; Borsuk-Białynicka, 1984; Carroll,
1988; Augé, 1990a, b, 1993, 2003, 2005; Alifanov, 1993; Rage and
Augé, 1993; Cifelli and Nydam, 1995; Norell and Gao, 1997; Gao and
Norell, 1998; Cifelli et al., 1999; Nydam, 2000; Rieppel et al., 2007;
Conrad, 2008; Conrad et al., 2008, 2011, 2014; Augé and Smith,
2009; Klembara and Green, 2010; Laurent et al., 2010; Rage and
Augé, 2010, 2015; Hong-Yu and Norell, 2013; Smith and Gauthier,
2013; Smith, 2017).

Considering that the name Necrosaurus cayluxi was the pre-
vailing one that has been applied to this taxon over the last
seven decades, one would regard that a petition to ICZN in order
to maintain that name would be the appropriate way to deal
with this nomenclatural problem. However, besides the fact that
the genus name Necrosaurus is in fact unavailable, it should be
noted that among the number of papers that have mentioned
the name Necrosaurus cayluxi,  only few have in fact dealt with
this taxon and included new material of it and/or descriptions
or designation of differentiating characters (Hoffstetter, 1969;
Rage, 1978; Estes, 1983; Augé, 2005; Augé and Smith, 2009). Fur-
thermore, one of the most complete descriptions of this lizard
remains still that of Fejérváry (1935) who  used the binomen
Palaeovaranus cayluxi and also provided detailed figures and pho-
tographs of the material. Also, the left maxilla figured by Zittel
(1887–1890) and photographed also in Fejérváry (1935) provides
more important taxonomic characters than Filhol’s (1877a,b,c)
dentary (see below). Additionally, as Zittel (1887–1890) and espe-
cially Fejérváry (1935) were more precise with giving locality
data for this specimen, it seems that it most probably originates
from the well-dated Escamps locality which pertains to the late
Eocene MP  19 Mammal  Zone, although it cannot be excluded
that it well originates from some other locality in the vicinity
of the village of Escamps (e.g. Rosières 2 and 3 that are also
MP 19, but Rosières 5 is MP  17) (J.-C. Rage, personal commu-
nication, July 2017). It is worth noting that Zittel (1887–1890)
provided also Escamps as the locality of another tetrapod from

Quercy, his new salamander taxon Megalotriton filholi Zittel,
1887–1890, and this precise geographic provenance is also fol-
lowed in modern literature (Rage and Augé, 2015). In any case,
Zittel’s (1887–1890) figured maxilla of Palaeovaranus cayluxi seems
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o be much more precisely geographically and stratigraphically
efined in comparison with the vague origins of Filhol’s (1873,
876, 1877a,b,c) material.

For all the above-mentioned reasons, I here consider that a peti-
ion to ICZN for maintaining the name Necrosaurus cayluxi is not
eeded and in fact, would only further cause taxonomic problems
ith the diagnosis of the taxon and even its validity. I instead

ttribute authorship of both the genus Palaeovaranus and the spe-
ific epithet “cayluxi” to Zittel (1887–1890). As such, the proper
ame for the genus should be Palaeovaranus Zittel, 1887–1890
nd for the species Palaeovaranus cayluxi Zittel, 1887–1890. As a
onsequence, Palaeovaranus cayluxi is the type species of the genus
alaeovaranus.

The herein suggested attribution of the genus and species name
alaeovaranus cayluxi to Zittel (1887–1890) inevitably affects also
he type material of this taxon. Contrary to the prevailing aspect
hat Filhol’s figured dentary and femur (Fig. 1A) represent the type

aterial of this taxon, the “true” holotype is Zittel’s (1887–1890)
gured left maxilla (Fig. 2). An additional axis and an anterior cau-
al vertebra that were figured in the same publication by Zittel
1887–1890:603) were only tentatively referred by him to this
axon, as ?Palaeovaranus cayluxi,  so, due to his uncertainty, they
hould not therefore be considered as belonging to the type series
f the species. The holotype left maxilla was further figured again
y Eastman (1902), Broili (1911), Fejérváry (1918, 1935), and Estes
1983). Furthermore, Fejérváry (1935) was the first to provide pho-
ographs of the holotype maxilla and depicted also the labial view
f the specimen, noting also inaccuracies in the original lithograph
f Zittel (1887–1890). Such inaccuracies in the original lithographs
re not rare in palaeontological papers from the 19th century, as has
lso been demonstrated for various fossil vertebrate clades, among
thers, fossil snakes (Georgalis et al., 2016) and turtles (Anquetin
nd Joyce, 2014; Georgalis and Joyce, 2017). Fejérváry (1935) also
rovided for the first time detailed measurements for this speci-
en, whose preserved total length was 38.58 mm.  Unfortunately,

he holotype maxilla cannot be located currently in the collections
f BSPG where it was originally housed, so it is possible that the
aterial was destroyed during the WW II (Oliver Rauhut, personal

ommunication, July 2017). Alternatively, this specimen could still
e in Hungary, as Fejérváry (1935) noted that he had taken it with
im on loan from Munich on 1923. However, unfortunately it could
ot be located in the collections of neither HNHM, MFGI, nor the
niversity of Pécs (Hungarian institutions that Fejérváry was  affili-
ted) (Zoltán Szentesi, László Makádi, and Krisztina Sebe, personal
ommunication, August 2017). Despite the fact that this specimen
eems to be currently lost, I do not consider that the selection
f a new one as the neotype is necessary, as the holotype was
ather adequately figured and described, especially in the works
f Fejérváry (1918, 1935). On the other hand, Filhol’s (1877a,b,c)
gured partial dentary and right femur (Fig. 1A), the previously
upposed syntypes of Palaeovaranus cayluxi,  are part of the old, not
ell-dated, Quercy collections and are further not taxonomically

nformative, hindering thus the taxonomic validity of the taxon.
ndeed, the lithograph of the dentary (Filhol, 1877a,b,c) shows a
ather incomplete specimen and only in lingual view, whereas the
gured right femur (Filhol, 1877a,b,c) also does not provide any

mportant taxonomic information. The dentary also appears now
o be lost (Klembara and Green, 2010), though it would not be sur-
rising if it eventually emerges from the collections of AMNH, as

s the case of the holotype of another Filhol’s lizard, Pseudeume-
es cadurcensis, which was only recently rediscovered there (Bolet
t al., 2017). Regarding Filhol’s femur, its lithograph is rather sim-

lar to one femur from Quercy that is currently housed in the
ollections of MNHN (MNHN.F.QU17626, labeled as “Necrosaurus
f. cayluxi”; personal observation, October 2016) and it is prelimi-
arily identified as that specimen (Fig. 2B), especially taking into
ologie 103 (2017) 293–303 297

consideration the fact that there is only one damaged area and
that this area occupies the same place on the specimen and on the
lithograph (Jean-Claude Rage, personal communication, July 2017).
I here tentatively consider both Filhol’s specimens as represent-
ing an indeterminate species of Palaeovaranus and assign them to
Palaeovaranus sp.

3. Melanosauroides giganteus or Ophisauriscus
eucarinatus?

In a paper dealing with the fossil lizards from the well
known middle Eocene locality of Geiseltal, Germany, Kuhn
(1940b) described and named two  purported large anguids, aff.
Ophisauriscus (Melanosauroides) eucarinatus and Melanosauroides
giganteus. This case seems strange even at a first glance, as Kuhn
(1940b) treated his newly established genus name Melanosauroides
firstly as a subgenus of his aff. Ophisauriscus and, in few pages
later, as a valid, distinct genus name. Ophisauriscus eucarinatus
was established on the basis of GMH  CeIV-4021-1933, a hind limb
with associated osteoderms (Fig. 3A), whereas another specimen
(GMH CeIV-4054-1933) was  also tentatively referred to the same
taxon (Fig. 3B) (Kuhn, 1940b). This species was only rather briefly
described, and only the holotype was figured (Kuhn, 1940b). To
the contrary, Melanosauroides giganteus was established on a sin-
gle, but much more complete specimen, GMH  CeIII-4139-1933, a
disarticulated skeleton, including skull elements (parietal, frontal,
quadrate, maxilla, dentary, and jugal) (Fig. 4) and was  more exten-
sively described, discussed, and figured in the original publication
(Kuhn, 1940b). It is worth noting also that the two type specimens
were recovered from different quarries within Geiseltal and as such,
they pertain to different ages: the holotype of Melanosauroides
giganteus originated from the younger (MP  13/?MP 14) Quarry
“Cecilie III”, whereas the holotype and the other referred specimen
of Ophisauriscus eucarinatus from the older (MP  13) Quarry “Cecilie
IV” (Haubold and Krumbiegel, 1984).

Hoffstetter (1943) was the first to realize the “necrosaurid”
affinities of Melanosauroides giganteus and he transferred this
species into Necrosaurus, recombining it as Necrosaurus giganteus,
but did not discuss at all Ophisauriscus eucarinatus. McDowell and
Bogert (1954) also accepted congeneric affinities with Necrosaurus
for Melanosauroides giganteus, but they constantly used the incor-
rect specific epithet “maximus” instead of “giganteus” throughout
their text, apparently verbally confusing it with (the currently con-
sidered a glyptosaurine anguid) Melanosaurus maximus Gilmore,
1928, from the Eocene of the USA, which they also treated as a
close relative of the German taxon. Nevertheless, these authors
redescribed the type and only known specimen of Melanosauroides
giganteus and highlighted important anatomical features, which
they regarded as “shinisaur” characteristics (McDowell and Bogert,
1954). In a similar way  to Hoffstetter (1943), McDowell and Bogert
(1954) totally ignored Ophisauriscus eucarinatus. The “necrosaurid”
affinities of “giganteus”  also convinced Kuhn himself, who  in a later
paper used the binomen Necrosaurus giganteus,  but still treated
his “eucarinatus” as an anguid, under the binomen ?Ophisauriscus
eucarinatus (Kuhn, 1963).

The first authors who compared both these two Geiseltal lizards
were Haubold (1977) and Estes (1983). These authors regarded
both Ophisauriscus eucarinatus and Melanosauroides giganteus as
conspecific and continued to accept their “necrosaurid” affinities
(Haubold, 1977; Estes, 1983). Among the two  researchers, Haubold
(1977) was the first to formally synonymize these two  taxa and, as

the first reviser, considered Necrosaurus giganteus as the senior syn-
onym and valid name for this species, to which he also referred new
cranial material from Geiseltal. However, in an act of nomenclatural
inconsistency, Estes (1983) appealed only to page priority in order
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o render “eucarinatus” as the senior synonym of “giganteus”, even
hough this criterion has no standing according to ICZN (1999) (see
lso Georgalis and Joyce, 2017 for a discussion). Estes (1983) also
eferred to “necrosaurids” another species from Geiseltal, Eosaniwa
oehni, which was originally described as a varanid by Haubold
1977). Despite the fact that Haubold (1977) was the first reviser,
he opinion of Estes (1983) has since been broadly followed by
ll subsequent authors who dealt with this form again under the
ombination Necrosaurus eucarinatus (e.g. Rage, 1988; Augé, 1993,
005; Conrad, 2008) and even Haubold and Krumbiegel (1984)
entioned the page priority issue of the species epithet “eucari-

atus” over “giganteus”. The only exception to this synonymization
as made by Borsuk-Białynicka (1984) who (probably unaware of

stes’s [1983] work) followed Haubold (1977) and mentioned this
axon as Necrosaurus giganteus, though she casted doubts about its
necrosaurid” affinities.

This nomenclatural misconception that has also important tax-
nomic implications apparently arose from the influential status
f Estes’s (1983) compendium, which has served up to now as a
tandard reference point for squamate palaeontology. However,
esides the erroneous usage of the page priority criterion that
stes (1983) applied to overrule the actions of Haubold (1977)
s first reviser, the major point is that “eucarinatus” was founded
pon a rather incomplete specimen that comprises no cranial ele-
ents, whereas the holotype of “giganteus” includes skull material

hat bears important diagnostic characters for defining the species.
ndeed, all subsequent authors who referred new specimens to
eucarinatus” based their referral to shared resemblance among the
kull remains (e.g. Augé, 2005), though these elements are only
resent on the holotype of “giganteus”. My  first hand observation
f the above-mentioned specimens at the collections of GMH  lead
e to consider that the type of Ophisauriscus eucarinatus bears

o diagnostic features at the species level and as such, I am here
uggesting this taxon to be a nomen dubium. Nevertheless, the
hape of the osteoderms on the type of O. eucarinatus bears the dis-
inctive “necrosaur” morphology of these elements (Estes, 1983;

ugé, 2005; see also Smith, 2017 for a discussion about similar
steoderm morphology present also in shinisaurid lizards) and
he specimen thus represents an indeterminate species of Palaeo-
aranus, herein referred to as Palaeovaranus sp. The same seems to

ig. 3. Photographs of the holotype of Ophisauriscus eucarinatus (GMH CeIV-4021-1933) 

oth  herein attributed to Palaeovaranus sp., from the middle Eocene of Geiseltal, German
hotographies de l’holotype d’Ophisauriscus eucarinatus (GMH CeIV-4021-1933) (A) et d’un
ttribués dans le présent travail à Palaeovaranus sp., de l’Eocène moyen de Geiseltal, Allemag
ologie 103 (2017) 293–303

be also the case for GMH  CeIV-4054-1933, which was referred to
O. eucarinatus by Kuhn (1940b). This specimen is also a limb ele-
ment with several osteoderms, is figured herein for the first time
(Fig. 3B), and is also referred to as Palaeovaranus sp. To the con-
trary, Melanosauroides giganteus is indeed a valid taxon, with its
holotype bearing evident “necrosaur” features on the maxilla, den-
tary, and shape of teeth. Accordingly, I am here recombining this
taxon as Palaeovaranus giganteus comb. nov. Notably, the holotype
of Palaeovaranus giganteus is one of the most complete specimens
of the genus Palaeovaranus.  It is worth noting that despite its name,
in a bit sense of taxonomic and nomenclatural irony, Palaeovaranus
giganteus is smaller than its congener Palaeovaranus cayluxi.

It is beyond the scope of this paper to redescribe Palaeovaranus
giganteus and I simply refer here the diagnostic features provided
by Augé (2005), Klembara and Green (2010), and Rage and Augé
(2010) for their “Necrosaurus eucarinatus”, which was  in any case
partially based on the holotype of Melanosauroides giganteus.  As
such, Palaeovaranus giganteus can be differentiated from Palaeo-
varanus cayluxi by the following characters: smaller size, higher
tooth number, lateral margins of the parietal which do not meet to
form a posterior sagittal ridge, parietal having a narrow extension
of the table posteriorly, and osteoderms fused to the dorsal surface
of the parietal.

4. Palaeovaranidae fam. nov., an enigmatic Paleogene
lizard clade

Hoffstetter (1943) established his new family Necrosauridae
to accommodate certain large European Paleogene lizards that
possessed pointed and recurved (“caniniform”) teeth. Varanoid
affinities of necrosaurids were firstly challenged by McDowell and
Bogert (1954) who  considered them as shinisaurids (then nested
within Xenosauridae), a suggestion that seemed to convince even
Hoffstetter (1954) and only tentatively or partially followed by
others (Romer, 1956; Kuhn, 1963; Haubold, 1977). In any case,
“necrosaurids” were soon “taxonomically” returned to varanoids

by the same author who  coined the family name (Hoffstetter,
1962b), and there has since been a consensus, at least for their
platynotan affinities: either nested within varanoids (e.g. Hecht
and Hoffstetter, 1962; Hoffstetter, 1969; Estes, 1983; Carroll, 1988;

(A) and a specimen previously referred to this species (GMH CeIV-4054-1933) (B),
y. Scale bar = 5 cm.  Photographs by G. Georgalis, courtesy of GMH.

 spécimen précédemment affecté à cette espèce (GMH CeIV-4054-1933) (B), tous deux
ne. Barre d’échelle = 5 cm. Photographies par G. Georgalis, autorisation de GMH.
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ig. 4. Photograph of the holotype of Melanosauroides giganteus (GMH CeIII-4139-1
lose  up of the maxilla and associated vertebrae (B). Close up of the parietal (C). Sca
hotographie de l’holotype de Melanosauroides giganteus (GMH CeIII-4139-1933) (da
ros  plan du maxillaire et des vertèbres associées (B). Gros plan du pariétal (C). Barre d

ugé, 1990a, 2005; Carroll and Debraga, 1992; Conrad, 2008; Augé
nd Smith, 2009; Houssaye et al., 2011; Vitt and Caldwell, 2014;
eorgalis et al., 2017), or simply representing a paraphyletic assem-
lage of platynotans (e.g. Borsuk-Białynicka, 1984; Pregill et al.,
986; Cifelli and Nydam, 1995; Lee, 1997; Norell and Gao, 1997;
ao and Norell, 1998; Molnar, 2004; Rieppel et al., 2007; Klembara
nd Green, 2010; Hong-Yu and Norell, 2013; Bolet, 2017).

The taxonomic content of “necrosaurids” was  soon after modi-
ed in order to encompass also taxa from geographic areas outside
urope. Indeed, even upon its establishment, the Late Cretaceous
orth American Parasaniwa wyomingensis was already suggested

o bear strong resemblance with Palaeovaranus cayluxi (Gilmore,
928). Such a suggestion apparently influenced also Kuhn (1940b)
ho described and figured new material of Palaeovaranus cayluxi

rom Quercy but he stressed the possibility that these specimens
ould pertain to Parasaniwa. Hoffstetter (1969) also suspected that
is European Necrosauridae were rather similar to Parasaniwa
yomingensis and another Late Cretaceous North American taxon,

araderma bogerti Estes, 1964. Both of these North American
orms were already placed into their own family, Parasaniwidae,
y Estes (1964), but the same author soon reassessed his opin-

on and, in his monumental compendium of fossil lizards, he
herein Palaeovaranus giganteus) (A) from the middle Eocene of Geiseltal, Germany.
 = 5 cm (for A). Photographs by G. Georgalis, courtesy of GMH.
résent travail: Palaeovaranus giganteus) (A) l’Éocène moyen de Geiseltal, Allemagne.

e = 5 cm (Pour A). Photographies par G. Georgalis, autorisation de GMH.

subsumed Parasaniwidae into Necrosauridae (Estes, 1983). With
this taxonomic rearrangement, “necrosaurids” formally ceased to
be an exclusively European lineage, but their geographic range was
significantly expanded into North America, whereas their strati-
graphic distribution went as back as the Cretaceous. This taxonomic
action apparently led the way for recognizing more “necrosaurids”
in the fossil record of different continents and different epochs.
Characteristically, the Late Cretaceous Mongolian form Parviderma
inexacta Borsuk-Białynicka, 1984, was also originally described
as a “necrosaurid”, whereas Ekshmer bissektensis Nessov, 1981,
from the Late Cretaceous (Coniacian) of Uzbekistan, was  subse-
quently referred to the same group (Nessov, 1997). Yadagiri (1986)
described his new species Paikasisaurus indicus from the Early Juras-
sic of India, assigning it to Parasaniwidae (apparently ignoring the
paper of Estes [1983]), but this taxon is based on extremely frag-
mentary dentary material and its taxonomic attribution cannot be
evaluated. An additional form from the Early Cretaceous (Albian)
of Utah has been referred to Necrosauridae by Cifelli and Nydam

(1995), with these authors suggesting that this could eventually
represent the oldest member of this clade. Besides the problematic
Paikasisaurus indicus,  all these chronologically and geographically
disparate forms were mostly characterized by “subpleurodont”
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sensu Hoffstetter, 1954), fang-like, and recurved teeth, oval and
igh keeled osteoderms, and, in several cases, dentition with pli-
identine. In order to render a monophyletic Necrosauridae, Augé
2005) proposed a revised diagnosis for this clade, including only
he European Paleogene genera Necrosaurus and Eosaniwa, but also
he Asian Cretaceous Parviderma.

Considering that I here conclude that Necrosaurus is not an avail-
ble name for zoological nomenclature, the name Necrosauridae is
endered invalid (ICZN, 1999:Article 11.7.1.1), and it is thus nec-
ssary to introduce a new name for the immediate clade typified
y the genus Palaeovaranus Zittel, 1887–1890, and its type species
alaeovaranus cayluxi Zittel, 1887–1890. Following the ICZN (1999),

 am herein introducing the new name Palaeovaranidae fam. nov.,
or which I am using a Linnean “family” rank for simplicity pur-
oses. Taking into consideration that the species level taxonomy
f the formerly called “necrosaurids” and their affinities within
ther squamates are still unresolved, I am here defining the mono-
ypic Palaeovaranidae as including only the European Paleogene
enus Palaeovaranus.  As for the diagnosis and the differentiation of
alaeovaranidae from other lizards, I am herein following the one
roposed by Augé and Smith (2009) for Necrosaurus, adding also
haracters from the recent studies of Klembara and Green (2010)
nd Rage and Augé (2015). Accordingly, both Palaeovaranidae and
alaeovaranus can be diagnosed on the basis of the combination
f the following characters: presence of oval, keeled osteoderms,
remaxilla with a long, arched nasal process, non-paired frontal,
ot narrowed between the orbits, non-paired parietal, no ridges on
he ventral surface of the parietal, adductor musculature extend-
ng onto dorsal surface of parietal, sometimes with a sagittal crest,
ntramandibular septum being fused along its ventral border, teeth
eing trenchant, blade-like, recurved, tooth bases dilated, striated,
ith plicidentine, tooth replacement alternate and interdental,

ervical vertebrae elongate, caudal vertebrae with no autotomic
epta, caudal vertebrae with pedicles for articulation with chevron
ones located very close to the condyle, and transverse processes
f the caudal vertebrae slightly extending anteroposteriorly and
eing located more posteriorly than in anguines (Augé and Smith,
009; Klembara and Green, 2010; Rage and Augé, 2015). However,

 acknowledge that if future phylogenetic analysis demonstrates
hat the Cretaceous North American Parasaniwa shares indeed close
elationships with the European Paleogene Palaeovaranus,  then the
ame Parasaniwidae Estes, 1964, is available for that clade as it has
riority.

The distribution of Palaeovaranidae and Palaeovaranus is con-
ned from the early Eocene to the early Oligocene of Europe. The

ineage seems to have become extinct shortly after the so called
Grande Coupure” that exterminated several European herpeto-
aunal elements at the Eocene–Oligocene boundary (Rage, 1984a,
013; Augé, 2005). Two potential Paleocene records from Cer-
ay, France (Hoffstetter, 1943, 1962b; Augé, 2005), and Walbeck,
ermany (originally Saniwa aff. ensidens of Kuhn, 1940a; Augé,
990b), have not been adequately described and their assign-
ent to palaeovaranids should be only considered as tenuous. The

ew taxonomic scheme, which I am here suggesting, with Palaeo-
aranus cayluxi as the appropriate name over Necrosaurus cayluxi
nd Palaeovaranus giganteus being the only other valid referred
pecies of this genus, necessitates an update in the nomencla-
ure and identification of certain other “necrosaurid” occurrences.
alaeovaranus cayluxi is only known from France, with various
ecords from the old, non precisely dated collections of Quercy (De
tefano, 1903; Fejérváry, 1935; Kuhn, 1940b; Augé, 1986, 2005),
ut also from the well-dated late Eocene localities of Sainte Néboule

MP  18) (Rage, 1978; Augé, 1986, 2005), Escamps (MP  19) (Zittel,
887–1890; Augé, 1986, 2005), and Rosières B (MP  19) (Augé,
005). In addition, a similar or even conspecific form that has been
escribed as Necrosaurus cf. cayluxi from the middle Eocene (MP
ologie 103 (2017) 293–303

16) of Le Bretou (Rage, 1988), is here tentatively referred to Palaeo-
varanus cf. cayluxi. As far as it concerns Palaeovaranus giganteus,
apart from its holotype and the referred material from the middle
Eocene (MP  13/14) of Geiseltal, Germany (Kuhn, 1940b; Haubold,
1977), this species is also known from the late Eocene of France
(La Bouffie, MP  17 [Augé, 1986]; Les Pradigues, MP  17 [Augé, 1986,
2005]; Escamps, MP  19 [Augé, 1986, 2005; Rage, 2013]), and from
the old, undated collections of Quercy (Augé, 1986, 2005). I have
to admit, however, that the vast majority of all these referrals to
the two  Palaeovaranus species has been made mostly by using phe-
netic resemblance of the material and not a thorough phylogenetic
analysis, so it has to be regarded as provisional.

In addition to the two valid species, Palaeovaranus cayluxi and
P. giganteus, other indeterminate palaeovaranid material that can-
not be assigned to the species level but can only be referred to as
Palaeovaranus sp. is also known from the early Eocene of Belgium
(Dormaal, MP 7 [Augé, 1990b, 2005]), the early Eocene of France
(Condé-en-Brie, MP  8/9 [Augé, 2005]; La Borie, MP  8/9 [Laurent
et al., 2010]), the early Eocene of Spain (Masia de l’Hereuet, MP  8+9
[Bolet, 2017]), the middle Eocene of France (Saint-Maximin, MP  13
[Duffaud and Rage, 1997]), the middle Eocene of Germany (Messel,
MP 11 [Keller and Schaal, 1992]), the late Eocene of The United King-
dom (Totland Bay, MP  17 [Klembara and Green, 2010]; Headon Hill,
MP 18 [Rage and Ford, 1980]; Osborne, MP  19 [Klembara and Green,
2010]; Hamstead, MP 20/21 [Klembara and Green, 2010]), the early
Oligocene of Belgium (Boutersem, MP  21 [Augé and Smith, 2009];
Hoeleden, MP  21 [Hecht and Hoffstetter, 1962]; Hoogbutsel, MP  21
[Hecht and Hoffstetter, 1962]), and the early Oligocene of France
(Mas de Got B, MP  22 [Augé, 1986, 2005]; Valbro, MP  22 [Rage
and Augé, 2015]). To these, I am adding the original “necrosaurid”
material of Filhol (1873, 1876, 1877a,b,c) and Lydekker (1888a)
from the Old collections of Quercy, as also the type material of
Odontomophis atavus Rochebrune, 1884, Palaeovaranus filholi De
Stefano, 1903, and one of the paralectotypes (MNHN.F.QU16334)
of Pylmophis gracilis Rochebrune, 1884, also from the old collec-
tions of Quercy, the above-mentioned Ophisauriscus eucarinatus
Kuhn, 1940b, and material referred by Kuhn (1940b) to cf. Glyp-
tosaurus hillsi, from the middle Eocene of Geiseltal, Germany, which
all show palaeovaranid features, though not adequate to diagnose a
taxon at the species level (Hoffstetter, 1946, 1955; Meszoely et al.,
1978; Estes, 1983; Rage, 1984b; Augé, 2005). Odontomophis atavus
was originally established as a scolecophidian snake on the basis
of a dentary (Rochebrune, 1884) but it was subsequently demon-
strated that it pertains to an indeterminate species of “Necrosaurus”
(Hoffstetter, 1946, 1955; Rage, 1974, 1984b). Palaeovaranus filholi
was established upon a large number of specimens, including a
maxilla, mandibles, vertebrae, and appendicular elements, and this
taxon was  mostly differentiated from Palaeovaranus cayluxi by its
shape and size of teeth and the shape of the glenoid cavity of
their vertebrae (De Stefano, 1903), features that are highly vari-
able within lizards. Indeed, the distinctiveness of Palaeovaranus
filholi has since been strongly criticized (Nopcsa, 1908; Fejérváry,
1918; Estes, 1983; Augé, 2005), though I note that part of the max-
illary and/or the mandibular type material could eventually have
some taxonomic significance. In any case, it cannot be demon-
strated whether the plethora of the syntypes of Palaeovaranus filholi
belong indeed even to the same species, and the taxon could even
represent a chimaera. This problem could be solved through the
designation of a lectotype, but pending redescription of this mate-
rial, I am refraining from acting so. Regarding Pylmophis gracilis,  this
taxon was established as a new snake species from Quercy on the
basis of two  articulated posteriormost trunk vertebrae, one den-

tary, and one “mummified” skin (Rochebrune, 1884). Nevertheless,
it was  subsequently shown by Rage (1974, 1981, 1984b) that the
dentary that was part of the original type series belonged in fact
to a lizard. The same author also designated one of the specimens
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s the lectotype (the two articulated posteriormost trunk verte-
rae; MNHN.F.QU16335) of Pylmophis gracilis in order to resolve
he chimaera status of this species and to maintain taxonomic
tability (Rage, 1984b). In any case, judging from the published
gure of Rochebrune (1884:figure 9 of his plate 2), which depicts
he dentary only in labial view, it seems that this specimen could
ertain to a palaeovaranid, although the teeth appear to be rela-
ively more slender in comparison with other specimens of this
lade. I provisionally refer this specimen to Palaeovaranus sp. As for
he Geiseltal material that was tentatively referred to the North
merican taxon cf. Glyptosaurus hillsi by Kuhn (1940b), it con-
isted a specimen with vertebrae and osteoderms that was  soon
fter attributed to Necrosaurus sp. by Meszoely et al. (1978) and
ubsequently to Necrosaurus eucarinatus by Estes (1983). I also con-
ider this occurrence as an indeterminate species of Palaeovaranus.
n all the above-mentioned occurrences, generic attribution to
alaeovaranus is mostly made by general, shared morphological
eatures, and thus should not be considered as definite. Further-

ore, special caution is needed when dealing with isolated finds,
s shinisaurids have recently been described also from the Pale-
gene of Europe and they have similar osteoderms to those of
alaeovaranids (Smith, 2017). Moreover, there are other purported
ccurrences of this genus that were mentioned by Augé (2005),
ut they lack any description, figures, or/and repository numbers,
nd so their taxonomic status cannot therefore be evaluated. Such
ecords are omitted here from further consideration. Additionally,
wo other Eocene German taxa, Eosaniwa koehni Haubold, 1977,
rom Geiseltal, and Saniwa feisti Stritzke, 1983, from Messel, have
een variously suggested to represent “necrosaurids” (Estes, 1983;
ugé, 1990b, 2005; Rossmann, 2000; Conrad, 2008; Smith, 2017).

 redescription of Eosaniwa koehni has recently demonstrated that
t represents a derived varanoid (Rieppel et al., 2007). Regard-
ng Saniwa feisti, this taxon has not yet been redescribed under

 modern phylogenetic context, although in recent literature, its
riginally suggested varanid affinities (Stritzke, 1983) have been
uestioned, it has generally been considered as a “necrosaurid”
Augé, 1990b, 2005; Rossmann, 2000; Conrad, 2008), and was even
eferred under the combination Necrosaurus feisti by Smith (2017).
hey are both herein excluded from Palaeovaranus and Palaeo-
aranidae, though most probably they represent allied forms,
specially the latter species, which could eventually pertain indeed
o Palaeovaranus.  Lastly, Alifanov (1993) reported the presence of
ecrosaurus sp. from the late Paleocene of Tsagan-Hushu locality,
ongolia, whereas he further speculated that ecological competi-

ion with varanids drove Asian “necrosaurids” to their extinction
y the middle Eocene. However, this material was never described
nd/or figured and as such, I consider its generic assignment as
ubious and, in any case, the presence of Palaeovaranus in Asia is
ot justified on the basis of the current evidence.

Of course, the exact affinities and the precise systematic desig-
ation of Palaeovaranidae and Palaeovaranus are far from resolved.

t is beyond the scope of this paper to address these issues, but
evertheless, the clarification of the appropriate nomenclature and
he true type material of Palaeovaranus cayluxi and Palaeovaranus
iganteus can serve as the basis for including these taxa into more
omplete phylogenetic analyses and comparing them with other
oeval lizards from the Paleogene of Europe.

I admit that the taxonomic rearrangement I am here suggesting
y setting the names Necrosaurus and Necrosauridae aside alters
rastically the prevailed nomenclature of these lizards but this is
ecessary in order to follow the disciplines of the ICZN (1999) and
aintain taxonomic stability. After all, similar cases are known also
or other vertebrate groups, such as the usage of the crocodylian
overisuchus Kuhn, 1938, over the “popular” but apparently invalid
ristichampsus Gervais, 1853 (Brochu, 2012). This highlights the
eed for the reassessment of taxa that were established during the
ologie 103 (2017) 293–303 301

19th century, as it is probable that “popular” names that are widely
used in the modern literature will eventually prove to be nomina
nuda or nomina dubia. Nevertheless, even the etymology of Palaeo-
varanus seems to be more appropriate than Necrosaurus: Filhol
(1876) did not provide any explanation for the name Necrosaurus,
although Molnar (2004) suggested that the name means “lizards
of death”. However, I believe that Filhol intended to signify in fact
a “����óς” (“nekros”) (Greek for “dead”) and “��’���” (“saura”)
(Greek for “lizard”), i.e., a “dead lizard”, which was  a common
practice of this author for several of his taxa from Quercy (e.g. Necro-
dasypus Filhol, 1894 and Necromanis Filhol, 1894). As such, I credit
that the valid name Palaeovaranus (from the Greek “	�
��óς”
[“palaeos” = “old”] and the genus name Varanus) pays a more appro-
priate homage to this bizarre lizard, at least in comparison with the
almost cynical name Necrosaurus.

5. Conclusions

Although Necrosaurus cayluxi was  already identified as a large,
fossil lizard since the 19th century (Filhol, 1873, 1876, 1877a, b,
c), its exact taxonomic affinities are still unresolved. I here demon-
strate that the current nomenclature of this animal is erroneous and
that the appropriate name for this lizard from the Phosphorites of
Quercy should be Palaeovaranus cayluxi and that authorship of this
taxon should be attributed to Zittel (1887–1890) and not Filhol. This
fact renders Zittel’s (1887–1890) described and figured maxilla as
the true holotype of this taxon and this specimen should serve as
the basis of comparison of P. cayluxi with all other finds that have
been previously assigned to “necrosaurids”. Furthermore, the tax-
onomic status of Necrosaurus eucarinatus from the middle Eocene
of Geiseltal, Germany, is clarified and it is demonstrated that it is
a nomen dubium, whereas its sympatric Melanosauroides gigan-
teus is shown to be a valid taxon, recombined under Palaeovaranus.
The taxonomic content of Palaeovaranus is discussed and the genus
includes remains that are known from the early Eocene until the
early Oligocene of several localities in Europe. A new clade name,
Palaeovaranidae, is herein established to encompass Palaeovaranus,
though it is acknowledged that the relationships of this group need
further assessment, especially in regard with certain North Ameri-
can and Asian forms. A thorough and more comprehensive reading
of the old literature is highly advised, as it is expected that certain
other species that were established during the 19th century will be
eventually demonstrated to be nomina nuda.
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Abstract Laophis crotaloides was described by Richard

Owen as a new and very large fossil viperid snake species

from Greece. The type material is apparently lost and the

taxon was mostly neglected for more than a century. We

here describe a new partial viperid vertebra, collected from

the same locality and of equivalent size to the type mate-

rial. This vertebra indicates that at least one of the three

morphological characters that could be used to diagnose L.
crotaloides is probably an artifact of the lithographer who

prepared the illustration supporting the original description.

A revised diagnosis of L. crotaloides is provided on the

basis of the new specimen. Despite the fragmentary nature

of the new vertebra, it confirms the validity of L. cro-
taloides, although its exact relationships within Viperidae

remain unknown. The new find supports the presence of a

large viperid snake in the early Pliocene of northern

Greece, adding further data to the diversity of giant vipers

from Europe.

Keywords Serpentes · Viperids · Neogene · Greece ·

Gigantism

1 Introduction

In 1857, the eminent British palaeontologist Richard Owen

described Laophis crotaloides, a new species of viperid

snakes, on the basis of 13 large, fossilized vertebrae from

Megalo Emvolon, near Thessaloniki, northern Greece.

According to Owen, the vertebrae apparently belonged to a

very large viperid with striking similarity to modern rat-

tlesnakes (Crotalus). Ever since, Laophis has been regarded
a mystery for ophidian palaeontology, with almost all

subsequent authors neglecting it or considering it prob-

lematic, even if its proposed dimensions of more than three

meters reached mythical standards (Kuhn 1939; Hoffstetter

1955; Rage 1984; Szyndlar 1991; Szyndlar and Rage

2002).

Here we report on a previously undescribed vertebra of a

large snake from the same area of the type locality of L.
crotaloides in northern Greece. Although the vertebra is

fragmentary, it shares with the former taxon, overall large

size and clear viperid features. This vertebra is here

assigned to the species L. crotaloides and it currently rep-

resents the only available specimen for this taxon.

Unfortunately, the fragmentary nature of the new vertebra

precludes any precise conclusions about the taxonomic

status of this taxon and the affinities of Laophis within the

other members of the Viperidae cannot be clarified. Nev-

ertheless, this new material confirms the validity of the
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6 Institut Català de Paleontologia Miquel Crusafont,
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taxon and further points that certain vertebral characters

featured in the original description by Owen (1857) were in

fact inaccurate. The occurrence and diversity of giant

vipers in the European fossil record is discussed.

2 Materials and methods

The fossil material described in this study consists of an

isolated vertebra that was collected in the early 1980s by

Hans de Bruijn and Constantin Doukas in the locality of

Megalo Emvolon, Greece. The vertebra is curated in the

collections of the Institute of Earth Sciences Utrecht (The

Netherlands) under the catalogue number KB3. Institu-

tional Abbreviations are: KB, Karabournou collection of

the Institute of Earth Sciences Utrecht (The Netherlands);

MDHC, Massimo Delfino herpetological collection,

Department of Earth Sciences of the University of Torino

(Italy); NHM, The Natural History Museum, London (UK).

3 Geological setting and palaeoecology

3.1 Geology of Megalo Emvolon

Karabournou (also known as Karabournu, Karaburun or

Falaise de Karaburun) is an old name for the modern

Megalo Emvolon. Megalo Emvolon is situated in the

northern part of the Gonia Formation, very near the city of

Thessaloniki in the prefecture of Central Macedonia,

northern Greece (Koufos et al. 1991). The Gonia Formation

is highly fossiliferous and consists of both lenticular and

massively bedded clays, sandstones, marls, and marly

limestones (Syrides 1990). The locality of Megalo Emvo-

lon was first discovered by Arambourg in the 1910s and is

well known for its large mammals (Arambourg and Pive-

teau 1929; Koufos 2006). There is not a clear fossiliferous

horizon in Megalo Emvolon, but several small fossil con-

centrations, which are dispersed across the deposits. It

comprises three different fossiliferous levels: a lower one,

Megalo Emvolon 1 (MEV), situated in the grey argilla-

ceous sands near the bottom of the outcrop near the sea;

Megalo Emvolon 2 (MEM), situated around twenty meters

above MEV, above a bed with red sands and gravels; and

Megalo Emvolon 3 (MEL), situated around ten meters

above MEM, near the top of the section (Koufos et al.

1991). The characters of the sediments indicate a rapid

deposition and the mammal fossils recovered from MEV,

MEM and MEL do not suggest any age differences (Boev

and Koufos 2000). Fossils found before the study of

Koufos et al. (1991), cannot be accurately assigned to a

precise level of Megalo Emvolon. This is also the case for

the lost type material of L. crotaloides. The Megalo

Emvolon section faunistically conforms to the early Plio-

cene (Zanclean–earliest Piacenzian) late Ruscinian

European Land Mammal Zone MN 15, estimated at 4.2–

3.2 Ma (Koufos et al. 1991; Koufos 2006).

Remarks About the type locality of L. crotaloides,
Owen (1857:199) just mentioned that Captain Spratt

collected these fossils from “Karabournou, on the eastern

coast of the Gulf of Salonica” (=Thessaloniki). It is

therefore impossible to know exactly from which of the

several small fossil concentrations of Megalo Emvolon

the snake vertebrae were collected. Captain Thomas Abel

Brimage Spratt was heavily interested in fossils and had

collected during his voyages with the British Navy across

the Mediterranean, numerous specimens from several

localities (Maempel 1986). He was also the author of

several papers dealing with the geology of the localities

he visited (Spratt 1842, 1847). Spratt is known to have

visited the Thessaloniki area in March 1854, serving on

the ship “Spitfire” (Maempel 1986) and he personally

described the geology of the region three years later

(Spratt 1857). In this paper, Spratt (1857:183) mentioned

that he found the snake vertebrae, along with an inde-

terminate large mammal, “in the marls at about one mile

N. E. of the Cape” (=Megalo Emvolon).

Given that the geology of Megalo Emvolon was not well

established until the analysis of Koufos et al. (1991), sev-

eral authors considered the age of Laophis as late Miocene

(Zittel 1887–1890; Hoffstetter 1938, 1955; Kuhn 1939,

1963; Romer 1956; Młynarski et al. 1982), while Rage

(1984) and Szyndlar (1991) regarded it as latest Miocene or

earliest Pliocene.

3.2 Palaeoecology of Megalo Emvolon

The mammal fauna of Megalo Emvolon is speciose and

relatively well studied. It includes the bovids Gazella
borbonica, Koufotragus bailloudi and Parabos macedo-
niae, the suid Sus minor, the equid Hipparion longipes,
various rodents and lagomorphs, the canid Nyctereutes
donnezani, as also the cercopithecid Dolichopithecus rus-
cinensis (Arambourg and Piveteau 1929; Steffens et al.

1979; de Bruijn 1984; Koufos et al. 1991; Koufos and

Koliadimou 1993; Koufos 1997), all indicative of a late

Ruscinian (MN 15) age (Koufos 2006). The avifauna of

Megalo Emvolon comprises only one bird fossil, the pea-

fowl Pavo bravardi (Boev and Koufos 2000). Reptiles are

represented by L. crotaloides (the only squamate recovered

from the locality) and numerous small and giant tortoises

(Bachmayer et al. 1980; Georgalis and Kear 2013). The

mammal fauna indicates a semi-arid environment for

Megalo Emvolon (Eronen and Rook 2004).
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4 Systematic palaeontology

Squamata OPPEL 1811.

Serpentes LINNAEUS 1758.

Viperidae OPPEL 1811.

4.1 Genus Laophis OWEN 1857

Type species L. crotaloides OWEN 1857.

Etymology Owen (1857) provided a short etymology only

for his new genus name: Laophis derives from the Greek

words Las (Λᾶς), meaning stone in the ancient Doric dia-

lect, and -ophis (ὄφις) denoting snake. Gender is

masculine. Interestingly, another genus that shares an

identical etymology, Lithophis [translated also as “stone

snake” in Greek (λίθος + ὄφις)], has a similarly obscure

taxonomic status, as it is just represented by a single

fragmentary precloacal vertebra from the Eocene of

Wyoming, USA (Marsh 1871; Rage 1984).

Diagnosis As for L. crotaloides, the only known species.

4.2 Laophis crotaloides OWEN 1857 (Figs. 1, 2a)

Holotype 13 precloacal vertebrae (Fig. 1). No catalogue

number formally designated (Owen 1857) and the original

material is now lost (Rage 1984; Szyndlar 1991; Szyndlar

and Rage 2002). Our attempt to relocate the type material

of L. crotaloides was not successful as well: the type

material is not listed in the catalogues of the Natural His-

tory Museum in London (ΝΗΜ) and apparently it is not

present in the collections (S. Chapman, pers. comm. to M.

D.).

It is impossible to determine if the type material ever

entered the collections of the NHM. After the collection of

the fossils by Captain Spratt, they were immediately sent to

E. Forbes and deposited in the Museum of Economical

Geology (later renamed as the Museum of Practical

Geology, also known as the Geological Museum), in Jer-

myn Street, London (Spratt 1857) and apparently it was

still present 3 years later, when Owen (1857) studied and

published it. It is known, however, that by the end of the

nineteenth century, the display cases of the museum were

so overcrowded that it became necessary to discard all

material not closely connected to the work and purposes of

the Geological Survey (NHM Archives, accessed Novem-

ber 2015). It therefore is plausible that the 13 isolated

vertebrae of L. crotaloides were not considered impressive

enough and were discarded. Moreover, the collections of

the Museum of Practical Geology are now part of the

collections of the Natural History Museum, London and are

known to have moved from Jermyn Street to Exhibition

Road, South Kensington in 1935. The L. crotaloides type

material could therefore have been lost during this col-

lection transfer.

New referred specimen KB3, an incomplete precloacal

vertebra (Fig. 2a).

Etymology Species name etymology was not provided in

the original description by Owen, but it apparently refers to

the rattlesnake genus Crotalus (Crotalinae) and -oides (-

οειδές) for like. Gender is masculine. As such, the name L.
crotaloides could translate as the “rattlesnake-like stone

snake”. We note that the diacritic mark used in the original

spelling “crotaloïdes” is removed here following ICZN

(1999) Article 32.5.2.1.

Fig. 1 Type vertebra of

Laophis crotaloides modified

from the original publication by

Owen (1857). Image not to scale

(originally depicted by Owen

1857 in natural size). A anterior

view, L lateral view
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Occurrence Megalo Emvolon (Central Macedonia,

Greece), early Pliocene (late Ruscinian MN 15, equivalent

to Zanclean to earliest Piacenzian). The taxon is known

only from the type locality.

Differential diagnosis Taking into account the new spec-

imen, L. crotaloides can be referred to the Viperidae on

the basis of the proportionally wide cotyle and condyle

(the latter of which is quite robust), the probable presence

of hypapophysis, a relatively short centrum and, above

all, the dorsally tilted prezygapophyseal facets (see char-

acters in Szyndlar 1984, 1991). L. crotaloides can be

differentiated from all other viperid snakes by the com-

bination of the following characters: very large vertebral

size (CL equal or larger than 15 mm); centrum propor-

tionally short and broad in ventral view; cotyle much

wider than the neural canal; condyle stout and propor-

tionally large, elliptical in shape and being slightly wider

than tall; diapophyses probably more developed than the

parapophyses; and well developed parapophyseal

processes.

Remarks The size, shape, general morphology and overall

proportions of the new vertebra KB3 match those of the

type material of L. crotaloides (see below), but the length

of the condylar neck and the thickness of the prezy-

gapophyseal facets are not as developed as shown by Owen

(1857).

5 Description

5.1 The Laophis crotaloides type material described
by Owen (1857)

In the original description of L. crotaloides, Owen (1857:

pl. 4) figured one of the 13 vertebrae representing the type

material of his new taxon, but only in lateral and anterior

views (Fig. 1). According to the original figures, the ver-

tebra appears to be strongly elongated dorsoventrally in

lateral view. The centrum is short, whereas the neural spine

and the hypapophysis are very large. The zygosphenal roof

seems to be concave. The condyle is rather robust. In

anterior view, the zygosphenal roof is strongly convex

(contra the situation figured in lateral view). The prezy-

gapophyseal articular part is very thick. The cotyle is

extremely large, almost twice the size of the neural canal,

whereas it seems to be rather concave. As is discussed

below, the inconsistency of the features of the zygosphene

in anterior and lateral views, as also the long condylar

neck, lead Rage (1984) and subsequently Szyndlar (1991)

to consider these characters as a product of fantasy of the

lithographer.

Laophis crotaloides was described by Owen as the largest

viperid snake (Szyndlar 1991), indicating a size “between

10 and 12 feet in length” (Owen 1857:199). Thanks to the

Fig. 2 a Precloacal vertebra KB3, referred to Laophis crotaloides. b Precloacal vertebra (CL = 11.20 mm) of the extant large viperid Bitis
rhinoceros (specimen MDHC 100). Scale bar 10 mm. A anterior view, L lateral view, P posterior view, V ventral view
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drawings provided by Owen in natural size, it is possible to

estimate several vertebral measurements for the type ver-

tebra of L. crotaloides, justifying Owen’s claims: the length

of the centrum measured in lateral view from the concavity

between the dia- and parapophyses is about 15 mm; the

height of the vertebra from the tip of the neural spine to the

tip of the hypapophysis is of at least about 30 mm (it is not

clear if the neural spine was complete) if measured in

lateral view and 28 mm if measured in anterior view; the

distance between the lateral edges of the prezygapophyses

is 32 mm; the cotyle is about 9 mm wide.

5.2 Specimen KB3

The vertebra KB3 is fragmentary, having preserved only

part of the left prezygapophysis, part of the left half of the

neural arch, and slightly more than the left half of the

centrum (Fig. 2a). The prezygapophysis preserves part of

the articular facet (but it is not possible to evaluate its

former shape and that of the prezygapophyseal processes)

that appears to be anterolaterally oriented in dorsal view

and is dorsally tilted in anterior view. The cotyle is only

partially preserved but it was clearly very wide—much

wider than the neural canal—and it is accompanied by a

small paracotylar foramen placed close to the dorsolateral

quadrant of the cotyle (only the left quadrant is preserved).

The preserved portion of the cotyle rim, despite a little

erosion, clearly indicates that the cotyle does not protrude

significantly from the anterior profile of the vertebra. Dia-

and parapophysis are nearly entirely eroded but it seems

that the former was more developed than the latter. The

parapophyseal process was probably well developed as

suggested by the remnants of its basis; the medial surface

of the process was delimited by a small ridge. In ventral

view, the centrum is proportionally short and broad. The

centrum length (CL) can be estimated to be 15 mm

(slightly higher—about 16.3 mm—if measured in lateral

view, from the concavity between the dia- and the para-

pophysis to the posterior tip of the condyle). The

hypapophysis is not preserved with the exception of its

anterior, keel-like prolongation. The posterior edge of the

hypapophysial root reached the condyle. On each side of

the keel, at mid centrum length, there is a tiny subcentral

foramen laying in a deep subcentral groove laterally

delimited by an evident subcentral ridge. A small lateral

foramen is placed at the bottom of a funnel depression.

Anterodorsally to this foramen, between the interzy-

gapophyseal ridge and the eroded diapophysis, there is

another depression with an elongated shape. The condyle is

stout and proportionally large; it is elliptical in shape, being

slightly wider (about 7.9 mm) than tall (about 6.4 mm).

The ventral edge of the condyle is placed slightly posterior

than the dorsal edge. The development of the condylar

neck can be evaluated thanks to the landmark represented

by the base of the posterior edge of the neural arch: even if

it is quite apparent due to the absence of the posterior

region of the neural arch, the space between the base of the

latter and the anterior edge of the condyle is of about 1 mm

and therefore, considering the length of the vertebra, the

condylar neck is not significantly different from that of

extant snakes, as was (probably erroneously) shown in the

original description.

6 Discussion

6.1 The mystery of Laophis crotaloides: taxonomic
history, affinities and status

The taxonomic status of L. crotaloides has been a mystery

for ophidian palaeontology since its original description by

Owen in 1857. The fact that the type and previously only

known material is considered lost, further hindered and

complicated the knowledge of its affinities. As such, Lao-
phis was mostly omitted in most subsequent publications

regarding fossil snakes, with only few exceptions that

treated it as a problematic taxon (Kuhn 1939, 1963; Rage

1984; Szyndlar 1991; Szyndlar and Rage 1999, 2002).

As mentioned above, Owen (1857) described and named

the new species L. crotaloides on the basis of 13 isolated

vertebrae that he compared with those of a number of

extant species. He concluded that L. crotaloides bore close
resemblance to modern vipers; however, the material was

sufficiently distinct at the specific level. He further spec-

ulated affinities with rattlesnakes (Crotalinae), but he

acknowledged that the limited available material could not

allow him determine whether the 13 fossil vertebrae orig-

inated from the anterior or mid-trunk regions of the snake

body and as such, no certain taxonomic conclusions could

be made. Owen (1857) strongly emphasized the absolute

size of his new taxon, pointing vertebral size similar with

large extant pythonids.

There are not many discussions or mentions of L. cro-
taloides in the literature despite the more than 150 years

since its original description. Römer (1870) noted that the

vertebrae of L. crotaloides shared several characteristics

with extant Crotalus. Rochebrune (1880) cited L. cro-
taloides in his list of fossil snakes, without any further

comment. While, the idea of rattlesnake affinities of L.
crotaloides was not concluded with certainty by Owen,

Zittel (1887–1890) listed this taxon in Crotalidae, men-

tioning also Owen’s (1857) size estimate of more than

three meters for this taxon. Similar taxonomic affinities

were later followed by Hoffstetter (1938), whereas 1 year

later, Kuhn (1939) allocated L. crotaloides to Crotalidae

(=Viperidae sensu lato, under the modern sense), the same
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family to which he assigned also the extant genus Vipera
Laurenti, 1768. However, he did not provide any justifi-

cation for the assignment of L. crotaloides to this group

(Kuhn 1939). Later, Hoffstetter (1955) stated that L. cro-
taloides displayed indeed the characteristics of the

Viperidae and was considered a crotaline snake; however,

according to the same author, an alternative allocation of

the Greek taxon to viperines, based solely on vertebrae,

could not be excluded (Hoffstetter 1955). Romer (1956)

made a brief mention on Laophis in his list of the genera of

Crotalinae. Few years later, in his second edition of his

snake volume of the “Fossilium Catalogus”, Kuhn (1963)

classified all known fossil viperids into two subfamilies,

Viperinae and Crotalinae. Apparently influenced by Hoff-

stetter (1955), he continued to classify Laophis (as “?

Laophis Owen, 1857”) among the Crotalinae (Kuhn

1963:34), again with no further comments or justification

explaining his decision. Młynarski et al. (1982) mentioned

L. crotaloides in their description of the Miocene lower

vertebrates from Opole, Poland. They referred to its age as

Miocene and noted that L. crotaloides was the only Euro-

pean fossil snake attributed to Crotalinae known to date,

even if it could not be shown with certainty that the taxon

was a pit viper. In his complete treatise of fossil snakes,

Rage (1984) considered that the characters used by Owen

(1857) to establish L. crotaloides were widespread among

viperids and that differentiation between viperines and

crotalines simply on the basis of vertebral morphology was

not possible. He additionally, considered the figures of

Owen as inaccurate and further concluded that this taxon is

a nomen dubium (Rage 1984). Three years later, Zerova

et al. (1987) briefly hinted at L. crotaloides and briefly

discussed the fact that this taxon could belong to crotalines.

Later on, Szyndlar (1991) considered that taxonomic

allocations of L. crotaloides to crotalines were most prob-

ably suggested because of erroneous interpretations

surrounding its specific epithet. The same author high-

lighted the large centrum length of the vertebra, further

postulated affinities of this taxon with the African genus

Bitis, based on overall vertebral morphology, and consid-

ered the validity of L. crotaloides as an open question. In

his description of the enigmatic viperid “Coluber” kargii,
Szyndlar (1992) mentioned L. crotaloides, briefly stating

that its taxonomic distinctiveness from other viperids

cannot be demonstrated. Other short references to L. cro-
taloides were made by Rage in Golay et al. (1993) and by

Szyndlar (1995) a few years later. Ivanov (1999) men-

tioned L. crotaloides, referring to its age as “lowermost

Pliocene”, noting also that this taxon was considered by

Rage (1984) as a nomen dubium. As his main aim was to

describe a fossil pit viper from Ukraine, he cited Szyndlar

(1991:245) in assuming that “Laophis might have been a

Bitis-like snake rather than a pit viper”, therefore leaving

his Ukrainian fossil as the only European pit viper. Sub-

sequently, Szyndlar and Rage (1999) mentioned L.
crotaloides, noted that its systematic status is unclear,

although its assignment to Viperidae is unquestionable.

They continued considering this taxon as a nomen dubium.

The same authors, three years later, mentioned again L.
crotaloides in their complete review of the fossil record of

viperines (Szyndlar and Rage 2002), noting that its taxo-

nomic status is uncertain. The last published mention of L.
crotaloides was made by Wallach et al. (2014) who fol-

lowed Rage (1984) in considering this taxon a nomen

dubium.

Systematic assignment of L. crotaloides is hindered by

uncertainties surrounding its vertebral anatomy. According

to Szyndlar (1991), besides its absolute size, L. crotaloides
as described and figured by Owen is characterized by two

features that distinguish it from other large viperids: very

thin parapophyseal processes and the long condylar neck.

The referral of KB3 to the same taxon suggests that the

condylar neck was erroneously illustrated in Owen’s

original figures and an elongated condylar neck is not a

character of L. crotaloides; the shape and size of the

parapophyseal processes of KB3 cannot be evaluated

because of preservation reasons. Even if KB3 cannot

definitively address this question, it indicates that at least

one of the potential diagnostic characters of this taxon was

probably related to the inaccuracy of the figure accompa-

nying the description. The fact that the drawing provided

by Owen (1857) is not accurate is testified by the zygo-

sphenal roof, which, as already reported by Rage (1984)

and Szyndlar (1991), is strongly convex in anterior view,

but not in lateral view. The extreme thickness of the

prezygapophyseal articular part (according to Szyndlar

1991) shown by the figures published by Owen (1857)

probably does not reflect the original morphology of the

specimen, as suggested by the morphology of KB3.

The taxonomic status of L. crotaloides cannot be eval-

uated with certainty on the basis of the new material, and it

is not possible to allocate this taxon to either crotalines or

viperines. On the basis of biogeography, however, it seems

more plausible that L. crotaloides is a viperine, as crotali-

nes are totally absent from the European fossil record, with

the exception of a single occurrence in the Miocene of

Ukraine (Ivanov 1999). Taxonomic assignment within

viperines (true vipers) cannot also be established with

certainty. Whether or not L. crotaloides had affinities with

the “Oriental vipers complex” or Daboia (where the largest

European species belong; see below) cannot be verified.

The absolute large size of the L. crotaloides vertebra could
indicate strong affinities with the coeval and similarly sized

viperids from Mallorca and Layna, Spain (Szyndlar 1988;

Bailon et al. 2010; Torres et al. 2014). The large geo-

graphic distance between Greece and Spain should
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probably prompt us to be cautious when dealing with such

taxonomic assignments, but common faunal elements

between Greek and Spanish Pliocene localities could favor

this hypothesis. Both Megalo Emvolon and Layna locali-

ties share the same Hipparion species (Koufos et al. 1991)

and as such, affinities of L. crotaloides with the large

Spanish viperid Daboia maxima should not be ruled out.

Moreover, the proximity of the Greek localities to western

Asia and northern Africa, leaves the possibility that L.
crotaloides was an immigrant from the East. Large fossil

viperids from outside Europe are not sufficiently known,

except for certain North American forms (Holman 2000).

Judging from palaeobiogeography, affinities of L. cro-
taloides with large African Bitis spp. cannot be excluded.

Vipers of the latter genus are also known to attain large

size, exceeding 170 cm in total length (Spawls et al. 2002;

Mallow et al. 2003). In fact, the vertebral morphology of

Bitis spp. bears the closest resemblance with L. crotaloides
among all true vipers, as was already noted by Szyndlar

(1991). Indeed, mid-trunk vertebrae of both genera “are

strongly elongate dorso-ventrally in lateral view, owing to

exceptionally long hypapophyses and neural spines toge-

ther with relatively short centra” (Szyndlar 1991:244).

Vertebrae of both Laophis (at least as it is shown in the

original illustration of Owen) and Bitis are more than twice

as high (distance between the hypapophyseal tip and neural

spine top) as long (centrum length) (Szyndlar 1991)

(Fig. 2). Bitis, however, has never been recorded from

Europe with certainty—two purported records from the

Miocene of Hungary (Kormos 1911) and Spain (Piveteau

1927) have since been shown to represent a non-Bitis
viperid (Szyndlar 1984, 1991) and a colubrid (Szyndlar and

Rage 2002) respectively. The African fossil record of

squamates, that could potentially include large sized Bitis
or Bitis-like forms, is not adequately sampled (Delfino et al.

2004; Rage and Bailon 2011) and this is unfortunately also

the case for the Asian fossil viperids (Szyndlar and Rage

2002). With all the above taken into account, we cannot

make any certain conclusions regarding the exact taxo-

nomic affinities of L. crotaloides within the Viperidae.

However, the taxon should no longer be considered a

nomen dubium, as the new vertebra bears a unique com-

bination of characters, above all the very large absolute

size (CL more than 15 mm), which can diagnose L. cro-
taloides as a distinct valid species.

6.2 Fossil viperid snakes from Greece

Viperids are conspicuous elements of the extant Greek

herpetofauna, comprising several species, one of which is

endemic (Valakos et al. 2008). Species that currently

inhabit Greece include Vipera ammodytes LINNAEUS

1758, widespread throughout the Cyclades and Eastern

Aegean Islands, Vipera berus LINNAEUS 1758, dis-

tributed in Macedonia and Thrace, Vipera ursinii
BONAPARTE 1835, from central and northern Greece,

Montivipera xanthina (GRAY 1849) in Thrace and Eastern

Aegean Islands, and Macrovipera schweizeri (WERNER

1935), endemic to Milos Archipelago and Siphnos Island

(Valakos et al. 2008).

The past distribution of viperids currently living in

Greece is unclear due to the limited available fossil

material and the scarcity of the remains, mostly lacking

diagnostic features. Nevertheless, fossil viperids have been

sporadically recovered from Greek localities (Table 1).

Miocene vipers are almost absent from Greek localities, but

this should be of no surprise, as reptiles in general are

rather rarely documented from that period in Greece

(Römer 1870; Richter 1995; Delfino et al. 2008; Georgalis

et al. 2013; Georgalis et al. 2016). An indeterminate

viperid from Maramena, Central Macedonia, represents an

exception, as it is the only Miocene viper from Greece. The

Maramena viperid has been assigned to the “Oriental

vipers complex” and is believed to have reached a

Table 1 Published occurrences of Greek fossil Viperidae

Taxon Locality Age References

Viperidae indet. (‘oriental

vipers complex’)

Maramena (Serres) Latest Miocene (MN 13) Szyndlar (1995)

Laophis crotaloides Megalo Emvolon (Thessaloniki) Early Pliocene (MN 15) Owen (1857); this paper

Viperidae indet. (‘oriental

vipers complex’)

Tourkobounia 1 (Attica) Late Pliocene (MN 16) Szyndlar (1991)

Vipera cf. berus Laghada B (Kos Island) Early Pleistocene Szyndlar (1991)

Vipera cf. berus Megalopolis (Peloponnese) Middle Pleistocene van Vugt (2000)

Viperidae indet. (‘oriental

vipers complex’)

Latomi (Chios Island) Middle Pleistocene Schneider (1975) and

Szyndlar (1991)

Vipera cf. ammodytes Tourkobounia 2 (Attica) Middle Pleistocene Szyndlar (1991)

Vipera cf. berus Tourkobounia 2 (Attica) Middle Pleistocene Szyndlar (1991)
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relatively large size (Szyndlar 1995). Apart from L. cro-
taloides and the material from Maramena, the only other

Neogene viperid from Greece is recorded from the late

Pliocene of Tourkobounia 1 in Attica (Fig. 4b). This has

been referred to the “Oriental vipers complex” and repre-

sents a rather large taxon, having an estimated centrum

length of 10.1 mm (Szyndlar 1991). It is worth noting that

Szyndlar (1991:249) dubbed this specimen as “the largest

viper known from East European sites.” All other fossil

occurrences of vipers from Greece represent Pleistocene

records that could represent the extant species or indeter-

minate viperids. Most notable among them is a very large

viperid from the Middle Pleistocene of Latomi, Chios

Island, which bears strong vertebral resemblance (CL more

than 6 mm) with large-sized Macrovipera lebetina (Sch-

neider 1975; Nilson and Andrén 1986; Szyndlar 1991), a

Table 2 Geographic and stratigraphic distribution of the largest European fossil viperids, along with their respective maximum vertebral CL

Taxon Locality Age Maximum centrum

length (CL) (mm)

References

Laophis crotaloides (KB 3

specimen)

Megalo Emvolon,

Greece

Early Pliocene (MN 15) 16.30 This study

Laophis crotaloides (lost
holotype)

Megalo Emvolon,

Greece

Early Pliocene (MN 15) 15 Owen (1857) and Szyndlar

(1991)

Viperidae indet. (‘oriental vipers

complex’)

Na Burguesa-1

(Mallorca), Spain

Pliocene (MN

15/MN 16)

15a Torres et al. (2014)

Viperidae indet. (‘oriental vipers

complex’)

Calo den Rafelino

(Mallorca), Spain

Pliocene (MN

15/MN 16)

12.70 Bailon et al. (2010)

Daboia maxima (‘Daboia
complex’)

Layna, Spain Early Pliocene (MN 15) 11.80 Szyndlar (1988) and Szyndlar

and Rage (1999)

Viperidae indet. (‘oriental vipers

complex’)

Langenau, Germany Early Miocene (MN 4) 10.50 Szyndlar and Rage (1999)

Viperidae indet. (‘Daboia
complex’)

Vieux-Collonges,

France

Early to middle

Miocene (MN

4/MN 5)

10.20 Szyndlar and Rage (1999)

Viperidae indet. (‘oriental vipers

complex’)

Tourkobounia 1,

Greece

Late Pliocene (MN 16) 10.10 Szyndlar (1991)

Macrovipera lebetina (‘oriental

vipers complex’)

Aetokremnos, Cyprus Holocene 10.07 Bailon (1999)

Viperidae indet. (‘Oriental vipers

complex’)

Vallée de la

Canterrane, France

Pliocene

(undetermined)

9.67 Bailon (1991)

Macrovipera sarmatica (‘oriental

vipers complex’)

Calfa, Moldova Late Miocene (MN 9) 9.40 Zerova et al. (1987) and

Szyndlar (1991)

Macrovipera kuchurganica
(‘oriental vipers complex’)

Kuchurgan, Ukraine Early Pliocene (MN 14) 9.10 Zerova et al. (1987) and

Szyndlar (1991)

Viperidae indet. (‘oriental vipers

complex’)

La Grive, France Middle Miocene (MN

7/MN 8)

8.70 Szyndlar and Rage (1999)

Viperidae indet. (‘oriental vipers

complex’)

Rustavi, Georgia Late Miocene (MN 10) 8.60 Zerova et al. (1987) and

Szyndlar and Rage (2002)

Viperidae indet. (‘oriental vipers

complex’)

Artenay, France Early Miocene (MN 4) 8.60 Szyndlar and Rage (1999)

Viperidae indet. (‘oriental vipers

complex’)

Iles Medas, Spain Late Pliocene (MN 16) 8.40 Bailon (1991)

Viperidae indet. (‘oriental vipers

complex’)

Steinheim, Germany Middle Miocene (MN

7/MN 8)

8.30 Szyndlar and Rage (1999)

Viperidae indet. (‘oriental vipers

complex’)

Maramena, Greece Late Miocene (MN 13) 8.10 Szyndlar (1995)

Viperidae indet. (‘oriental vipers

complex’)

Sandelzhausen,

Germany

Middle Miocene

(MN 6)

8.10 Szyndlar and Rage (1999)

a It is not possible to know the CL of the Na Burguesa-1 vertebra because it is incomplete. Torres et al. (2014) provide a measurement of the

distance from the anterior tip to the prezygapophysis to the posterior tip of the postzygapophysis: 15.1 mm. This distance is smaller than the CL

in viperid snakes, a fact that was also reevaluated by additional measurements in the vertebrae of Agkistrodon piscivorus (MDHC 103), Bitis
rhinoceros (MDHC 100) and Macrovipera lebetina (MDHC 317)
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species that does not occur in the extant herpetofauna of the

country.

6.3 Gigantism among European Viperidae

With a maximum estimated centrum length (CL) of

16.3 mm, the new vertebra of L. crotaloides ranks as the

largest one among European viperids (Table 2). It is

beyond the scope of this paper to provide a size estimation

for L. crotaloides based on vertebral dimensions. Never-

theless, large to very large body sizes have been

documented several times among the fossil record of

European vipers (Rage 1984; Szyndlar 1991). Viperid

snakes first appeared in Europe during the early Miocene

(MN 1) (Kinkelin 1892; Rage 1984; Szyndlar 1987b;

Szyndlar and Rage 2002; Čerňanský et al. 2015), becoming

quickly widespread throughout the continent (Szyndlar

1991) and achieving large sizes already by the MN 4

(Szyndlar and Rage 1999) (Fig. 3). The appearance of

large-sized viperids in Europe slightly coincides with the

Miocene Climatic Optimum (Böhme 2003). Regarding the

taxonomy of the European viperids to the genus level,

several different approaches have appeared in the litera-

ture, most of which are based strictly on molecular data

(Nilson and Andrén 1986; Herrmann et al. 1992; Lenk

et al. 2001), as few or no osteological characters are known

that could support such division (Bailon et al. 2010). We

follow here the subdivision of viperines according to

Szyndlar and Rage (1999) who focused on the morphology

of the trunk vertebrae of viperines, a study that could

directly apply to fossil specimens. These groupings are the

“Vipera berus complex”, “Vipera aspis complex”, “Oriental

vipers complex” and Daboia. The former two comprise

relatively small taxa, whereas the latter two comprise the

largest ones (Szyndlar and Rage 1999; Bailon et al. 2010).

Daboia, an extant Asian genus, is represented in Europe

only by D. maxima (originally placed in Vipera), which was
described by Szyndlar (1988) as a new large viperid spe-

cies from the Pliocene (MN 15) of Layna, Spain (Fig. 4a).

This species was initially assigned to the “Oriental vipers

complex”, as this group is known to possess much larger

and relatively shorter vertebral centra, comparing to other

European vipers (Szyndlar 1987a, 1988, 1991). However, it

is now believed that Daboia is excluded from this group, as

this genus can be differentiated from the “Oriental vipers

complex” on the basis of the trunk vertebrae showing a

greater development of the neural spine, which is higher

than long (Szyndlar and Rage 1999; Bailon et al. 2010).

With a vertebra centrum length and centrum width of 11.80

and 10.32 mm respectively, this Spanish taxon was sup-

posed to be the largest viperine species (Szyndlar and Rage

2002). However, these vertebral dimensions are still

smaller than the original type material of L. crotaloides and
the new referred specimen. Another possible occurrence of

Daboia in Europe could be an indeterminate large viperid

from the early to middle Miocene of Vieux-Collonges,

France (Szyndlar and Rage 1999) (Fig. 4e).

The so called “Oriental vipers complex” (genera Mac-
rovipera and Montivipera) comprises some of the largest

viperine species (Szyndlar 1991). This group has currently

a very small distribution in Europe, existing only in the

easternmost mainland Greece, the Cyclades islands,

Cyprus, and European Turkey, but had achieved a much

wider distribution during the Neogene (Szyndlar 1991).

Fig. 3 Map of Europe, indicating the fossil localities bearing large

viperids (CL ≥ 8 mm). Triangles represent Miocene, squares represent
Pliocene and circles represent Pleistocene and Holocene localities. 1
Artenay (France), 2 Langenau (Germany), 3 Vieux-Collonges

(France), 4 Sandelzhausen (Germany), 5 Steinheim (Germany), 6
La Grive (France), 7 Calfa (Moldova), 8 Rustavi (Georgia), 9

Maramena (Greece), 10 Kuchurgan (Ukraine), 11 Layna (Spain), 12
Megalo Emvolon (Greece), 13 Calo den Rafelino (Spain), 14 Na

Burguesa-1 (Spain), 15 Tourkobounia 1 (Greece), 16 Iles Medas

(Spain), 17 Vallée de la Canterrane (France), 18 Aetokremnos

(Cyprus)
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Species of “Oriental vipers” are differentiated from the

much smaller European vipers by having much larger and

relatively shorter vertebral centra, relatively higher neural

spines and longer hypapophyses (Szyndlar 1987a, 1988).

“Oriental vipers” from Europe, achieved a fairly large size

already by the early to middle Miocene, as it is documented

by large vertebrae from the localities of Langenau, Stein-

heim and Sandelzhausen (Germany) and La Grive and

Artenay (France) (Szyndlar and Rage 1999) (Fig. 4d). They

quickly became rather diverse and widespread throughout

Europe: apart from the Greek records from Maramena and

Tourkobounia 1 that were mentioned above, large “Ori-

ental vipers” are also known from several other localities

from the continent. It is worth noting that they are known

from both edges of the Mediterranean Europe: in the East,

an exceptionally large specimen of Macrovipera lebetina
from the Neolithic site of Aetokremnos, Cyprus (10th

millennium BC) (Bailon 1999), whereas in the West,

Bailon et al. (2010) described a fragmentary vertebra

belonging to a large “Oriental viper” from Calo del Rafe-

lino of Mallorca. With a centrum length of the trunk

vertebra equal to 12.70 mm, the Mallorca viperid is even

larger than Daboia maxima, whereas the authors suggested
a body length of “close or greater than 200 cm” (Bailon

et al. 2010:151). More recently, an even larger viperid was

described from the Pliocene of Na Burguesa-1, Mallorca

(Torres et al. 2014). Large snakes of the ‘Oriental vipers

complex’ have also been recorded from the Pliocene of Iles

Medas, Spain and Vallée de la Canterrane, France (Bailon

1991).

Smaller, but still of considerable size, “Oriental viper”

taxa have also been reported from the central part of

eastern Europe: Macrovipera sarmatica and M. kuchur-
ganica. The former species, from the late Miocene (MN 9)

of Calfa (Kalfa), Moldova is believed to have attained a

fairly large size, estimated on the basis of a centrum length

of 9.10 mm (Zerova et al. 1987; Szyndlar 1991), whereas

the latter originates from the early Pliocene of Kuchurgan,

Ukraine, and bears strong resemblance with the extant

Macrovipera lebetina (Zerova et al. 1987; Szyndlar 1991)

(Fig. 4c). As was noted by Szyndlar and Rage (2002),

Macrovipera sarmatica has also a bizarre taxonomic his-

tory: it was published as a new species by its name giving

authors, Chkhikvadze and Lungu, in two different papers

(Zerova et al. 1987; Lungu et al. 1989)! Zerova et al.

(1987) also described another large, but unnamed viperid

from Rustavi, Georgia.

Still undescribed specimens of “Oriental vipers” have

been repeatedly mentioned in the literature, indicating the

broad distribution of these snakes in Europe during the

Neogene (Delfino 2002; Szyndlar and Rage 2002). Szyn-

dlar (1988) briefly mentioned an undescribed viperid of

“enormous size” from the Pliocene of Vilafant, Spain. The

fact, however, that these specimens are still undescribed,

hinders establishment of their affinities within Viperidae.

Nevertheless, large to giant vipers were widespread in

Europe during the Neogene, with their range being con-

tracted only to the Mediterranean edges of the continent by

the Pliocene. Large vipers probably did not survive the

Plio-Pleistocene in western Europe as there are no post

Pliocene fossils from that area, whereas they still survive in

the eastern edge of the continent, having extant represen-

tatives in the Greek islands (Macrovipera schweizeri) and
Cyprus (Macrovipera lebetina).

7 Conclusions

A precloacal vertebra, found in the early Pliocene of

Megalo Emvolon, northern Greece, is referred to the

enigmatic viperid species L. crotaloides, previously

described from the same locality. As the type and previ-

ously only known material of this taxon is considered

lost, the new vertebra described herein represents the sole

available specimen for L. crotaloides. The vertebra is

highly fragmentary, but nevertheless bears a unique

combination of characters (very large vertebral size, with

CL equal or larger than 15 mm; centrum proportionally

short and broad in ventral view; cotyle much wider than

the neural canal; condyle stout and proportionally large,

elliptical in shape and being slightly wider than tall;

diapophyses probably more developed than the para-

pophyses; and well developed parapophyseal processes)

that enables us to diagnose L. crotaloides. The exact

affinities of this species within the Viperidae still cannot

be concluded with certainty, but its specific validity is

justified. The presence of a giant viperid snake in the

Pliocene of Greece is confirmed. The new specimen fur-

ther adds to the diversity and distribution of fossil vipers

from the country and the giant vipers of Europe in

general.
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Valakos, E. D., Pafilis, P., Sotiropoulos, K., Lymberakis, P., Maragou,

P., & Foufopoulos, J. (2008). Amphibians and reptiles of Greece
(463 pp.). Frankfurt: Chimaira.

van Vugt, N. (2000). Orbital forcing in late Neogene lacustrine basins

from the Mediterranean. A magnetostratigraphic and cyclostrati-

graphic study. Geologica Ultraiectina, 189, 167.
Wallach, V., Williams, K. L., & Boundy, J. (2014). Snakes of the

world: a catalogue of living and extinct species (1237 pp.). Boca

Raton, London and New York: CRC Press.

New material of Laophis crotaloides, an enigmatic giant snake from Greece, with an overview… 115



Werner, F. (1935). Reptilien der Ägäischen Inseln. Sitzungsberichte
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Abstract The fossil record of Chamaeleonidae is very scarce
and any new specimen is therefore considered important for
our understanding of the evolutionary and biogeographic his-
tory of the group. New specimens from the early Miocene of
Aliveri (Evia Island), Greece constitute the only fossils of
these lizards from southeastern Europe. Skull roofing material
is tentatively attributed to the Czech species Chamaeleo cf.
andrusovi, revealing a range extension for this taxon, whereas
tooth-bearing elements are described as indeterminate
chamaeleonids. The Aliveri fossils rank well among the oldest
known reptiles from Greece, provide evidence for the dispers-
al routes of chameleons out of Africa towards the European
continent and, additionally, imply strong affinities with coeval
chamaeleonids from Central Europe.

Keywords Chamaeleonidae . Squamata .Miocene .

Biogeography . Aliveri

Introduction

Chameleons (Squamata, Chamaeleonidae) constitute a
rather diverse group with more than 200 species that are
now distributed in Africa, Madagascar and several other
Indian Ocean islands, southern Asia, Cyprus and southern
parts of Mediterranean Europe (Glaw 2015). Cryptic di-
versity appears to be prominent within the group, with
several new species having been described only during
the current decade, mostly on the basis of molecular data
(Gehring et al. 2011; Crottini et al. 2012; Greenbaum
et al. 2012; Stipala et al. 2011, 2012; Tilbury and Tolley
2015). The size range of chamaeleonids is also broad and
astonishing, with the larger members of the family sur-
passing 600 mm in total length (Glaw and Vences
1994), whereas the smallest species rank well among the
tiniest known reptiles, both extant (Brookesia micra,
attaining only 29 mm [Glaw et al. 2012]) and extinct
(e.g. Jucaraseps grandipes [Bolet and Evans 2012]).
The ability of some species to ‘change’ colour, along with
their peculiar external morphology, have gained the atten-
tion of the public for centuries and render them readily
distinguishable even for non-specialists (Teyssier et al.
2015). Moreover, their bizarre external appearance,
acrodont dentition, unique skeletal anatomy, as even their
specialized feeding and locomotor habits have long lead
herpetologists to consider chameleons as a monophyletic
group (Camp 1923; Estes 1983). Their relationships to
other squamates, however, are yet not fully resolved,
mostly because of the uncertainty of the position of
Iguania, but it is widely accepted that Chamaeleonidae
constitute a group within the iguanian clade Acrodonta
(Estes et al. 1988; Townsend et al. 2004; Kumazawa
2007; Conrad 2008; Vidal and Hedges 2009; Gauthier
et al. 2012; Wiens et al. 2012; Pyron et al. 2013; Reeder
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et al. 2015), even if their affinities with Agamidae are a
matter of debate, with different topologies arising on the
basis of morphological and molecular data (Bolet and
Evans 2013; Tolley and Menegon 2013).

Despite the broad geographic distribution among extant
taxa, the fossil record of Chamaeleonidae is rather patchy
(Bolet and Evans 2013). A Cretaceous origin of the group is
commonly accepted based on molecular data (Tolley et al.
2013), but with their first fossil record dating back to the early
Miocene (Moody and Roček 1980; Pickford 1986), such mo-
lecular divergence date cannot be thoroughly tested. The dis-
persal of chamaeleonids to Europe and Asia seems to have
occurred later (Bolet and Evans 2013; Tolley et al. 2013);
indeed, their Neogene record on the European continent is
rather scanty with few, scattered occurrences only across the
early to middle Miocene of Central Europe (Moody and
Roček 1980; Böhme and Ilg 2003; Čerňanský 2010; Bolet
and Evans 2013).

Europe current ly harbours two extant taxa of
chamaeleonids: Chamaeleo chamaeleon (Linnaeus, 1758)
and Chamaeleo africanus Laurenti, 1768 (Dimaki et al.
2000, 2008, 2015). The Greek distribution of the former spe-
cies now solely comprises Samos island, as populations
inhabiting Crete and Chios seem to have gone extinct
recently. It is worth noting, however, that Sillero et al.
(2014) reported this species as still present in Crete, consider-
ing it allochthonous. The distribution of C. africanus in
Greece (restricted only to a small region near the town of
Pylos, Peloponnese) is the sole European population for this
African species and most probably is a product of human
introduction during early antiquity (Fig. 2) (Böhme et al.
1998; Kosuch et al. 1999; Dimaki et al. 2000, 2008).

Despite their occurrence in the extant herpetofauna of the
country, chamaeleonids have never been previously described
from Greek fossil localities. Here, we report on three new
chamaeleonid fossils found in the early Miocene (MN 4) lo-
cality of Aliveri, Evia Island, which indicate the Neogene
existence of these lizards in Greece. One of these specimens
is tentatively attributed to the species Chamaeleo cf.
andrusovi Čerňanský, 2010, which was previously known
only from the early Miocene of the Czech Republic, whereas
the other two specimens represent indeterminate
chamaeleonids.

Geological setting

Aliveri is a fossiliferous locality, located within the
Neogene sedimentary basin of Aliveri/Kymi, in Evia (also
spelled Euboea) Island in Central Greece. Along with the
Gavathas site, Lesvos Island, it has yielded the oldest
known Greek Neogene land mammal fauna (Koufos
2006a, b; van den Hoek Ostende et al. 2015). Aliveri
was discovered in 1977 and was initially dated to the

MN 3 zone (de Bruijn et al. 1980). Nevertheless, there
is a general consensus now that it is referable to MN 4
(Doukas 2003; Koufos 2006b; van den Hoek Ostende
et al. 2015). More specifically, as was recently stated by
van den Hoek Ostende et al. (2015:276), ‘although unde-
niably an MN 4 assemblage, Aliveri is one of the oldest
localities from that MN unit, and presumably co-eval with
many of the MN 3 assemblages from western and central
Europe’. The age of Aliveri is tentatively estimated be-
tween 18 and 17.5 Ma, and corresponds to the
Burdigalian stage (Orleanian Continental Stage) (Koufos
2006b; van den Hoek Ostende et al. 2015). A detailed
description of the geology of Aliveri is provided by de
Bruijn et al. (1980).

The micromammal assemblage of Aliveri is rather di-
verse and has been the subject of several studies (de
Bruijn et al. 1980; van der Meulen and de Bruijn 1982;
Schmidt-Kittler 1983; Klein Hofmeijer and de Bruijn
1985, 1988; Doukas 1986; López Martinez 1986;
Álvarez Sierra et al. 1987). It includes erinaceids,
dimylids, heterosoricids, talpids, soricids, ochotonids,
eomyids, many sciurids, cricetids, anomalomyids,
spalacids and glirids. Larger mammals are less known,
but palaeogalids, equids, palaeomerycids, cervids and bo-
vids are present, as well as the viverrid Euboictis (van den
Hoek Ostende et al. 2015). As for the herpetofauna of
Aliveri, anurans, crocodylians, anguids, lacertids, as well
as indeterminate lizards, snakes and turtles are present but
have not been described. The study of these amphibians
and reptiles will be the subject of a forthcoming
publication.

Material and methods

All three chamaeleonid specimens described herein belong to
the collections of the Department of Earth Sciences in the
University of Utrecht and are accessioned under the repository
numbers UUAL 3501–3503. All specimens were found in the
early Miocene locality of Aliveri in three different field sea-
sons, in 1977 (UU AL 3502), 1978 (UU AL 3501), and 1980
(UU AL 3503), led by the University of Utrecht. As with the
micromammal material that has also been collected from this
locality, all chamaeleonid fossils have been recovered from
the underclay of the lignite occurring North of Aliveri, along
the eastern edge of the basin where the lignite wedges out
against Mesozoic limestones (de Bruijn et al. 1980). For com-
parison purposes, skeletal material of extant chamaeleonids
was studied in the herpetological collections of the
University of Torino and the Muséum national d’Histoire
naturelle, Paris. Photos of the fossil specimens were taken
using the Leica M205 microscope and the Leica application
suite V 3.3.0, in the University of Torino.
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Results

Systematic palaeontology

Reptilia Laurenti 1768
Squamata Oppel, 1811
Iguania Cope, 1864
Acrodonta Cope, 1864
Chamaeleonidae Gray, 1825
Chamaeleo Laurenti, 1768
Chamaeleo cf. andrusovi Čerňanský, 2010
(Fig. 1a, b, c, d)
Material: The specimen here referred to Chamaeleo cf.

andrusovi is a skull roofing bone fragment (UU AL 3501).
Description: UU AL 3501 is a skull roofing bone fragment

about 3 × 3 mm in diameter. A comparison with extant
chamaeleonid material, stored in the collections of the
University of Torino and the Muséum national d’Histoire
naturelle, Paris, suggests that the fragment can be part of the
circumorbital region (i.e. either a prefrontal or a postorbital),
but its fragmentary status prevents a more precise determina-
tion. The fragment is flattened and its external surface is cov-
ered by an ornamentation made by various small tubercles
grouped in four, well-separated and rounded clusters. Two of

the four clusters are aligned along one of the margins of the
fragment, which is a natural border and not the result of break-
age (as the other margins). If our interpretation of the fragment
as part of a circumorbital bone is correct, this would be the
orbital margin. The inner surface of the specimen is smooth.

Chamaeleonidae indet.
(Fig. 1e–h)
Material: Two additional specimens from the same locality

are assigned to Chamaeleonidae, but cannot be attributed to
the species level. These two specimens are both tooth bearing
bones (UU AL 3502 and UU AL 3503).

Description: UU AL 3502 and UU AL 3503 are very frag-
mentary tooth-bearing bones. However, they clearly bear
acrodont, large and triangular teeth, which are well-spaced
and located on the edge of the bones. Two of them are pre-
served in UUAL 3502 and three of them are visible in UUAL
3503, even if in the latter specimen only one is well preserved.
Small accessory cusps are recognizable anteriorly and poste-
riorly to the main one in one tooth of UU AL 3502 and in two
teeth of UU AL 3503. Ventrally directed interdental grooves
are present on the lateral surface. Due to the fragmentary na-
ture of both specimens, it is currently impossible to determine
whether these two tooth-bearing elements originate from the
dentary or the maxilla.

Fig. 1 Fossil chamaeleonids
from Aliveri. a–d Chamaeleo cf.
andrusovi: skull roofing bone,
UU AL 3501, in external (a) and
internal (b) views, and its
interpretative drawing in external
(c) and lateral (d) views. e–h
Chamaeleonidae indet.: tooth-
bearing bones, UU AL 3502 (e–f)
and UU AL 3503 (g–h), in lateral
(e, g) and medial (f, h) views.
Scale bars represent 1 mm
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Taxonomic identification

The specimens described herein were preliminarily described
in an unpublished report by Delfino (unpublished), who
attributed them to Chamaeleonidae indet. On the other hand,
Böhme and Ilg (2003) cited for the same locality the presence
of Chamaeleo cf. C. caroliquarti in their online database,
without further details or describing any material.

Because of the complex ornamentation and the well-spaced
and complex clusters of tubercles (= pustular protuberances of
Čerňanský (2010)), the skull bone fragment (UU AL 3501)
from Aliveri can be referred to Chamaeleo cf. andrusovi. In
the original diagnosis provided for this species, Čerňanský
(2010:609) stated that C. andrusovi was a small
chamaeleonid, differing from all other taxa in several features,
but most notably by ‘its typical strongly pustular ornamenta-
tion of the external surfaces of the skull roofing bones. Differs
from adult Chamaeleo calyptratus, Triceros (sic) hoehneli or
Calumma globifer in regard to the concentration, distribution
and shape of the protuberances—mostly complicated pustular
protuberances are moderately spaced and rather evenly dis-
tributed, covering the otherwise smooth external surface’.
This diagnostic feature appears also in the Greek specimen;
therefore, the skull roofing bone is attributed toChamaeleo cf.
andrusovi.

The two tooth-bearing elements from Aliveri (UU AL
3502 and UU AL 3503) can be attr ibuted to the
Chamaeleonidae on the basis of the well-spaced and apically
located acrodont teeth (Delfino et al. 2008 and references
therein). The identification of chamaeleonid tooth-bearing
bones is severely hampered by the widespread, homoplastic
features surrounding their anatomy. Generally, the dentaries of
Acrodonta share several common features that should prompt
us being rather cautious when dealing with taxonomic assign-
ments to either agamids or chamaeleonids (Augé 1997;
Delfino et al. 2008; Rage and Bailon 2011). Even if the two
fragmentary tooth-bearing bones cannot be identified as por-
tions of maxillae or dentaries, it is worth noting that
Čerňanský (2010) has shown that dentaries of chamaeleonids
are not diagnostic to the species level. Assigning the tooth-
bearing bones to Chamaeleo cf. andrusovi on just the base of
the taxonomic allocation of the skull roofing bone seems pre-
mature for the moment, as fossil evidence has shown that
distinct chameleon species could have co-existed in sympatry:
different morphologies that have been observed among the
dentaries of C. caroliquarti (Čerňanský 2010) could indicate
the existence of more than one chameleon at Dolnice. The fact
that C. caroliquarti was a very large species (around 500 mm
in total length) (Bolet and Evans 2013), whereas C. andrusovi
was originally described as ‘a small species of Chamaeleo’
(Čerňanský 2010, p. 609), prompts us to leave open the pos-
sibility that Dolnice could harbour at least two different
chamaeleonid taxa. The idea of two or more sympatric

chamaeleonid species in the same locality is reminiscent of a
similar situation in several extant species (Raselimanana and
Rakotomalala 2003; Tolley and Menegon 2013). Such higher
species diversity within a single region has been also recently
inferred for fossil chamaeleonids (Dollion et al. 2015). On the
other hand, many regions harbour only monospecific commu-
nities of extant chamaeleonids (Tolley and Menegon 2013).
Taking all these into consideration, whether Aliveri hosted a
monospecific chameleon assemblage, or whether multiple
sympatric species coexisted, remains only to be revealed on
the light of new and more complete specimens from the local-
ity. As such, we refrain from attributing the two tooth-bearing
elements to the same species as the skull roofing bone
(Chamaeleo cf. andrusovi) and we thus tentatively consider
them as ‘Chamaeleonidae indet.’

Discussion

The taxonomy of European Neogene chamaeleonids

Six Miocene species have already been named on the basis
of rare European fossil remains, which mostly do not com-
prise overlapping material (Bolet and Evans 2013):
C. caroliquarti Moody and Roček, 1980, Chamaeleo
bavaricus Schleich, 1983, Chamaeleo pfeili Schleich,
1984, Chamaeleo simplex Schleich, 1994, Chamaeleo
sulcodentatus Schleich, 1994 and Chamaeleo andrusovi
Čerňanský, 2010. Several anatomical characters appear to
be ubiquitous within chamaeleonids, rendering the validity
of most of these taxa as tentative or even dubious
(Čerňanský 2011). This applies especially to characters in
the dentaries of these squamates, which appear to be wide-
spread and indistinguishable from extant representatives.
Čerňanský (2010) revised the first named European fossil
taxon C. caroliquarti and regarded it as a nomen dubium,
as he could not differentiate the holotype dentary from
several extant taxa, whereas the paratype dentary appeared
to belong to a distinct morphotype. We acknowledge here,
however, that on several occasions, even fragmentary fos-
sils can bear diagnostic characters. This is the situation, for
example, when geometric morphometric approaches are
used (Bastir et al. 2014; Cornette et al. 2015), a case study
that has also been recently applied to fossil chamaeleonids
(Dollion et al. 2015). The latter authors characteristically
noted that even small fragments such as parts of the max-
illa and the parietal could be useful in taxonomic identifi-
cation. It is, however, beyond the scope of this paper to
evaluate the status of C. caroliquarti, and acknowledge
that a complete phylogenetic analysis which will, in fact,
include enough dentary characters from multiple extant
taxa, is needed in order to decipher the systematics of
European Neogene chameleons.
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The Aliveri chameleons

The identification of the Aliveri specimens described herein,
as chamaeleonids, confirms the presence of this squamate
group in the fossil record of Greece. Another purported
acrodont taxon, Uromastyx spinipes (Daudin, 1802) [=
Uromastyx aegyptia (Forskål, 1775)] was reported by
Mangili (1980) from the Late Pleistocene of Grotta
Simonelli in Crete, on the basis of an isolated, 43 mm long,
tibia that was not figured and not described in detail, hindering
any evaluation of its identity. The location of this fossil is
currently unknown. However, since the comparative morphol-
ogy of lizard tibiae is poorly known, this specimen should be
considered an indeterminate squamate. As such, the speci-
mens from Aliveri comprise the sole record of fossil chame-
leons from Greece.

The taxonomic assignment of the Aliveri skull roofing el-
ement as Chamaeleo cf. andrusovi provides a significant
range extension for that species. C. andrusovi was until now
known only from the early Miocene (MN 4) of Dolnice,
Czech Republic (Čerňanský 2010). This new record indicates
that this species was widely distributed in the earlyMiocene of
Central and Southern Europe. Such a broad distribution is
congruent with that of several extant members of the genus
Chamaeleo (e.g. C. chamaeleon and C. africanus are wide-
spread species with populations being adapted to different
environments and ecological settings [Dimaki et al. 2000,
2008]). However, the high degree of cryptic speciation in
modern chamaeleonids has led to the ‘split’ of several wide-
spread extant taxa, mostly on the base of molecular data, but
with few or nomorphological characters that could distinguish
them (e.g. Andreone et al. 2001; Nečas et al. 2003, 2005,
2009; Gehring et al. 2010, 2011; Crottini et al. 2012;
Greenbaum et al. 2012; Stipala et al. 2011, 2012; Tilbury
and Tolley 2015). This fact is further problematic for the fossil
record of chamaeleonids, as for their identification we have to
rely only on morphological evidence, and no assumption
about cryptic speciation within extinct species can be
suggested.

It is worth noting that the faunal assemblage of Aliveri is
chronologically older than other MN 4 faunas in Europe (van
den HoekOstende et al. 2015) and that the Greek skull roofing
bone assigned to Chamaeleo cf. andrusovi is therefore older
than the conspecific specimens from the type locality of
Dolnice, Czech Republic. As such, the Aliveri specimen ranks
among the oldest named chamaeleonids of Europe, being only
slightly younger thanC. caroliquartiwhich has been recorded
from the early Miocene (MN 3) localities of Merkur Nord
(Czech Republic) and Wintershof West (Germany).

The locality of Aliveri is well known for its rich
micromammal fauna. The overall diverse and abundant fauna
of flying squirrels suggest a forest biotope (de Bruijn et al.
1980). A relatively humid environment for the locality has

also been suggested (van den Hoek Ostende et al. 2015).
The new identification of Chamaeleo cf. andrusovi in
Aliveri further confirms the already proposed ecological set-
tings of the locality, as the presence of chamaeleonids is well
known to be indicative of warm climates (Moody and Roček
1980) and further suggests relatively dense vegetation (Maul
et al. 2011), although several extant genera are known to occur
in both closed and open habitats (Tolley et al. 2008; Dollion
et al. 2015).

Palaeobiogeography of the Chamaeleonidae

The biogeographic history of chamaeleonids is hampered by
their extremely poor fossil record. Most of the material recov-
ered is fragmentary, thus not permitting identification beyond
the family level. Notable exceptions, however, are known to
occur, with few exceptional Miocene specimens from Kenya
documenting the morphological conservativeness and a rela-
tive evolutionary stasis within the group throughout time
(Hillenius 1978a; Rieppel et al. 1992). Stem representatives
of Chamaeleonidae are not known or at least they have not yet
been identified, rendering their early evolutionary history tan-
talizing and obscure (Bolet and Evans 2013; Simões et al.
2015). Molecular data support a Cretaceous dichotomy be-
tween chamaeleonids and other Acrodonta, although the exact
dates vary among different researches (Raxworthy et al. 2002;
Wiens et al. 2006; Townsend et al. 2011; Bolet and Evans
2013; Dollion et al. 2015). Africa and Madagascar have long
been proposed as potential centres of origin for chamaeleonids
(Hillenius 1959, 1978b; Blanc 1972; Klaver 1977; Tolley
et al. 2013; Dollion et al. 2015). More specifically, Tolley
et al. (2013) suggested, on the base of molecular data, that
chamaeleonids originated in Africa around the Late
Cretaceous, after the break-up of the supercontinent
Gondwana, with two independent oceanic dispersals to
Madagascar (their modern biodiversity hotspot) during the
Palaeocene and the Oligocene. Frustratingly, however, no
Cretaceous and Palaeogene fossils are known, and it is char-
acteristic that the first definite known chamaeleonid fossils are
documented only in the early Miocene of Africa and Europe
(Bolet and Evans 2013; Dollion et al. 2015).

Several enigmatic Palaeogene taxa from Asia bear superfi-
cial resemblance with chamaeleonids; however, they are now
thought to represent convergent stem acrodonts (Bolet and
Evans 2013). It is worth noting here that the taxonomic status
of Anqingosaurus brevicephalus Hou, 1976 (variously cited
also under the incorrect spelling Anquingosaurus), an enig-
matic species from the Palaeocene of China, is pivotal to our
understanding of chamaeleonid evolution. Bolet and Evans
(2013, p. 184) doubted the status of A. brevicephalus as a
chamaeleonid, mentioning characteristically that ‘there is
nothing to suggest that it is a chameleon’. That being said,
there is currently no definite record of a chamaeleonid from
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the Palaeogene or even the Neogene of Asia. In fact, the only
known Asian fossil chamaeleonids are recorded in the Middle
Pleistocene of Israel and the Palaeolithic of Lebanon (Haas
1952; Hooijer 1961; Maul et al. 2011; Bolet and Evans 2013),
but palaeogeographically Middle East was part of Gondwana
and not Asia.

Neogene chameleons in Europe appear to be restricted,
both geographically and chronologically, with only few pub-
lished occurrences from the early to middle Miocene of
Czech Republic, Germany and Switzerland, and perhaps also
Poland and Spain (Fig. 2) (Moody and Roček 1980; Roček
1984; Schleich 1984; Bolliger 1992; Fejfar and Schleich
1994; Mörs 2002; Böhme and Ilg 2003; Böhme 2010;
Čerňanský 2010, 2011; Bolet and Evans 2013). The earliest
occurrence of a chamaeleonid in Europe is documented in the
earlyMiocene (MN 3) ofMerkur Nord in Czech Republic and
Wintershof West in Germany (Čerňanský 2010; Bolet and
Evans 2013). A still undescribed chamaeleonid from the early
Miocene (MN 3/MN 4) of Agramon, Spain, cited in the online
database of Böhme and Ilg (2003), needs further investigation
about its exact taxonomic affinities; if it is indeed a

chamaeleonid though, then it represents one of the earliest
European records of the group. Interestingly, chameleons are
neither recovered from the well-known MN 2 squamate fauna
of Wiesbaden-Amöneburg (Germany) nor in any other MN 2
European locality, leading Čerňanský et al. (2015) to suggest
that their absence in the earliest Miocene is genuine and they
only dispersed into Europe shortly thereafter. The presence of
chamaeleonids in Central Europe during the early Miocene
coincides with the Miocene Climatic Optimum (Böhme
2003), which enabled several other squamate groups to
achieve their northernmost distribution (e.g. varanids and
cordylids; Bolet and Evans 2013; Delfino et al. 2013). One
or more widespread and/or even distinct, sympatric species
could be present in the early Miocene of Central Europe at
the time of this climatic optimum, as high temperatures favour
the diversification of squamates. In any case, the permanence
of Miocene chamaeleonids in Europe did not last long as
suggested by their last published occurrence in the MN 6 of
Ornberg in the Molasse Basin, Switzerland (Bolliger 1992;
Čerňanský 2011), whereas an even later occurrence for the
group is listed in the online database of Böhme and Ilg

Fig. 2 Fossil chamaeleonids from Europe. See Online Resource for a list
of localities and taxa identified. Grey and encircled areas represent the
range of extant chameleons in Europe and Western Anatolia, including
autochthonous, introduced and recently extinct populations; the dashed
circle indicates the probably introduced in antiquity population of

C. africanus near Pylos, whereas the remaining areas refer to
C. chamaeleon. Distributional data come from Gasc et al. (1997),
Sindaco and Jeremčenko (2008), Sperone et al. (2010) and Sillero et al.
(2014)
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(2003), where an indeterminate reptile that was initially de-
scribed by Młynarski et al. (1982) from the middle Miocene
(MN 7) of Poland is there re-identified as a chamaeleonid.
Whatever their last appearance datum, they likely went extinct
due to climatic deterioration in Europe and/or ecological com-
petition with newly arrived squamates. Interestingly, a new
land bridge has been suggested to exist between Afro-Arabia
and Asia during MN 6, which, apparently, favoured a new
wave of dispersal of immigrants to Europe (Koufos et al.
2005). Indeed, several African groups are known to have dis-
persed by this land bridge (e.g. aardvarks) (Koufos et al. 2005;
Lehmann 2009), a situation that could have applied also to
African squamates. No chamaeleonid fossils are found after
the middle Miocene, but a latest immigration event seems to
have taken place much more recently, involving the extant
species C. chamaeleon, which still inhabits several parts of
the Mediterranean Europe: a sporadic fossil occurrence from
the Holocene of Spain (Talavera and Sanchíz 1983) probably
supports this recent wave of dispersal. This latest dispersal
event seemingly concerns also the extant Greek populations
of C. chamaeleon in the islands of Samos and Chios, right
adjacent to the coasts of Anatolia; the (recently extinct) pop-
ulation of C. chamaeleon in Crete, as also the other extant
species occurring in Greece, C. africanus, is most probably a
product of human introduction during antiquity (Böhme et al.
1998; Dimaki et al. 2015).

With such a scarce fossil record and a rather small temporal
and regional European distribution, the dispersal routes of the
earliest chamaeleonids remain unclear. Čerňanský et al.
(2015) suggested that chamaeleonids (probably along with
cordylids) entered Europe no earlier than the MN 3, but they
did not suggest any possible route from Africa to Europe.
Here we propose three different possible routes (Fig. 3): (i) a

marine dispersal from northwestern Africa to southwestern
Europe; (ii) a land dispersal from Afro-Arabia to Asia and
then via Anatolia to southeastern Europe; and (iii) a land dis-
persal from Afro-Arabia to Asia and then northwards and
eastwards, with an entrance in Europe through Central Asia.

The first scenario involves a marine dispersal from Africa
to Europe across the Mediterranean. Such oceanic dispersals
are well documented in chamaeleonid biogeographic history
with molecular data suggesting multiple waves of coloniza-
tion in Madagascar, Comoros, Seychelles and Socotra (Tolley
et al. 2013; Tolley and Menegon 2013). Squamates in general
are considered to be very efficient in trans-oceanic dispersal,
with multiple lineages colonizing even the furthest and most
remote of the Pacific Ocean islands (Beckon 1992; Fisher
1997; Pregill and Steadman 2004; Zug et al. 2011). These
data, along with the extant distribution of chamaeleonids over-
seas in the Indian Ocean, suggest that the Palaeogene and
Early Neogene Mediterranean and Paratethys seas (especially
in the western part that is estimated to be rather narrower
[Rögl 1999]) should not appear as a severe obstacle for these
capable marine navigators. However, their absence from
Palaeogene and early Miocene localities from Western
Europe could possibly indicate that chamaeleonids did not
disperse from this direction. Indeed, the extensive sampling
of Western European localities for over a century could prob-
ably attest that this absence of chamaeleonids from this region
is genuine and not sample biased. The supposed record of an
indeterminate chamaeleonid from the early Miocene (MN
3/MN 4) of Agramon is tantalizing, since it could represent
the only exception; however, the specimen has not been for-
mally described and its whereabouts are currently unknown
(Zbigniew Szyndlar, personal communication, November
2015). We further note here that short-time existing land

Fig. 3 Map showing the three
biogeographic scenarios
described in the text: the first one
is represented by a black arrow,
the second one by white arrows
and the third one by grey arrows.
Palaeogeographic map modified
from Rögl 1999
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connections between Africa and Western Europe have also
been suggested (Gheerbrandt and Rage 2006; Zarcone et al.
2010), however, without unveiling any dispersal of
chamaeleonids to Europe. A natural or ecological barrier
could have prevented these squamates from immigrating to
Western Europe either through water rafting or any hypothet-
ical land bridge.

The second scenario involves a land dispersal from Afro-
Arabia to Asia and then via Anatolia to Europe. This is sup-
posed to take place in the early Miocene through the so-called
Gomphotherium Landbridge, a large landmass that arose after
the collision of Afro-Arabia with Asia during the MN 3 stage
(Rögl 1999; Koufos et al. 2005). This collision provided a
connection between Africa and Asia, dividing the huge sea
that previously prevented dispersal of terrestrial taxa from
Africa to Eurasia. The Afro-Arabian plate acted therefore as
a platform for these terrestrial groups that could afterwards use
Anatolia and then the Balkans in order to disperse northwards
to Central Europe. A similar route had already been men-
tioned for chameleons by Barbadillo et al. (1997).
According to this scenario, Greece seems to have acted as
the first ‘step’ of these African and/or Anatolian immigrants
into Europe. Through the ‘Gomphotherium Landbridge’, nu-
merous terrestrial tetrapod groups are documented to have
dispersed out of Africa, most eminently proboscideans (Rögl
1999; Koufos et al. 2003, 2005). If chameleons used this dis-
persal scenario, then they were among the first immigrants out
of Africa, accompanying proboscideans and other mammal
groups; they then rapidly dispersed to Central Europe in a
short time interval, as it is shown by the presence of
chamaeleonids in Germany and the Czech Republic already
by the MN 3 (Roček 1984; Fejfar and Schleich 1994).
Interestingly, several other tetrapod groups (e.g. aardvarks,
hominoids) dispersed out of Africa much later, using another
land bridge that arose during the middle Miocene (MN 6)
(Lehmann 2009), but this datum is younger than the majority
of fossil occurrences of chamaeleonids in Europe. Different
ecological barriers probably existed that prevented or
favoured the dispersal of certain groups at different periods.

The third scenario involves a land dispersal of
chamaeleonids from Afro-Arabia to Asia and then northwards
and entrance in Europe through Central Asia. This should
involve again the usage of the ‘Gomphotherium Landbridge’
but then after dispersal eastwards and not westwards to the
Balkans. We note here that the collision of the Afro-Arabian
plate with Asia divided the Paratethys Sea and isolated the
Kotsakhurian Sea in the eastern Paratethys region (Fig. 6, in
Rögl 1999). This would further put rather severe obstacles in
the spread of the African immigrants to the North. Therefore,
only a westwards and an eastwards direction for these immi-
grants would seem possible. If chamaeleonids took the east-
ward direction, that would mean that they had to disperse to
southern Asia, spread to Central Asia and then, after getting

around the huge perimeter of the Kotsakhurian Sea, enter
Central Europe. That way, their entrance into Europe should
take place at the level of the northwestern edge of the
Kotsakhurian Sea. However, the ubiquitous absence of
chamaeleonid fossils in the several known early Miocene lo-
calities from this region does not seem to favour this
hypothesis.

We acknowledge that the available fossil material is limited
in order to fully support any of the proposed dispersal routes.
However, the new Greek specimens provide evidence in fa-
vour of our second proposed scenario: a route from Greece
towards Central Europe. Moreover, the slightly older age of
the Aliveri fauna compared to all other MN 4 European local-
ities, and more specifically from the also chamaeleonid-
bearing Dolnice, could indicate a step-wise pathway of these
squamates from south to northwards, and hints as Greece be-
ing the first European territory to which the group initially
arrived from Africa via Anatolia. The presence of
chamaeleonids in MN 3 Central European localities (Merkur
Nord and Wintershof West), which are slightly older than
Aliveri, could indicate that their dispersal and colonization
of Europe took place quite fast. The purported record of the
chamaeleonid from Agramon (MN 3/MN 4) (Böhme and Ilg
2003), if verified, could hint for very similar dispersal routes
of these squamates to proboscideans: the latter group of large
mammals are known to have used the Gomphotherium
Landbridge at the MN 3 stage and rapidly dispersed into the
European continent, reaching the Iberian Peninsula at the be-
ginning of MN 4 (Tassy 1990; Koufos et al. 2005). The idea,
however, of a combination of both the first and the second
biogeographic scenarios should not be ruled out: the presence
of chamaeleonids from Aliveri in the Balkan Peninsula, along
with that fromAgramon in the Iberian Peninsula, may indicate
that these squamates could have used different pathways to
Europe, from both northwestern and northeastern Africa. Such
complex, double or evenmultiple dispersal events are far from
unknown for southern European squamates. To the contrary,
they have been well documented for extant gekkotan lizards
(Rato et al. 2010, 2011) and Neogene elapid snakes (Szyndlar
and Rage 1990). As far as it concerns the latter, the cobraNaja
iberica from Spain has been described as ‘undoubtedly an
African invader’, which, however, most likely never crossed
the Pyrenees barrier and spread to the rest of Europe, which
was inhabited by different congeners (Szyndlar and Rage
1990, p. 398). Such barrier could have also prevented early
Miocene Iberian chamaeleonids from dispersing northwards,
if they indeed ever reached the Peninsula during the early
Neogene.

The Aliveri fauna bears a close resemblance to several
coeval early Miocene ones from Anatolia, indicating biogeo-
graphic correlation and possible dispersal routes (van den
Hoek Ostende et al. 2015). Notably, the viverrid Euboictis
from Aliveri seems to share close affinities with a rather
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primitive congener form from Sabuncubeli in Anatolia (early
MN 3), pointing towards an Asian origin for this mammal
group (Koufos et al. 2005; van den Hoek Ostende et al.
2015). In contrast, Aliveri shares with coeval Central
European faunas several micromammals, such as the eomyids
and the flying squirrels. Curiously, eomyids are not present in
the Turkish fossil record and therefore may indicate the exis-
tence of an ecological barrier between southern Balkan
Peninsula and Anatolia (van den Hoek Ostende et al. 2015).
It is also characteristic that the Aliveri rodent Anomalomys
aliveriensis shares congener species with the early Miocene
of Dolnice, Czech Republic, which is also the type locality of
C. andrusovi. It is therefore obvious that the Aliveri fauna
comprised a faunal mosaic of Anatolian and Central
European taxa, acting as a biogeographic passage between
Anatolia and Central Europe. Frustratingly, however, no
chamaeleonid has ever been reported from any of the
Anatolian localities (van den Hoek Ostende et al. 2015).
More specimens from the early Miocene of Greece and gen-
erally from the Balkans and Anatolia are needed in order to
fully test our hypothesis about the dispersal routes of
chamaeleonids. This is unfortunately hindered by the scarcity
of such localities in Greece (Koufos 2006b), as also by the
generally limited interest of palaeontologists in fossil reptile
finds in the area (Georgalis and Kear 2013). The confirmed
presence of chamaeleonids in the early Miocene of Greece,
however, allows us to expect that other localities between the
MN 3 and MN 4 time intervals in the southern Balkans and
Anatolia will also yield similar fossil forms that will only then
allow a more accurate reconstruction of the dispersal routes of
these charismatic lizards.

Chamaeleo cf. andrusovi from Aliveri represents only the
third reptile species identified from the early Miocene of
Greece. Mesozoic and Palaeogene reptiles are yet unknown
from this country. Chamaeleo cf. andrusovi, the pleurodire
turtle Nostimochelone lampra and the pythonid snake
Python euboicus are therefore the oldest reptiles in the
Greek fossil record (Römer 1870; Georgalis et al. 2013;
Georgalis and Kear 2013). As the Aliveri specimens confirm
the presence of Chamaeleonidae in the area, it is possible to
speculate that several other reptile groups that have a fossil
record in the early Neogene of Central Europe, such as
cordylids, elapids, boines and choristoderans (Rage 1984;
Szyndlar and Rage 1990, 2003; Szyndlar 1991; Evans and
Klembara 2005; Rage and Szyndlar 2005; Čerňanský 2012),
may be recovered from the Greek localities in the future.
Especially for cordylids, it will be rather interesting to test
whether this African lizard group (that has an almost identical,
restricted fossil distribution in the early Miocene of Central
Europe with chamaeleonids [Roček 1984; Čerňanský 2012])
used the same dispersal routes and if they can be identified in
Greece and the rest of southeastern Europe as well. Unlike
chameleons, however, cordylids are known to have also a

Palaeogene fossil record from Europe; therefore, their pres-
ence in the same early Miocene localities with chamaeleonids
during the climatic optimum could suggest either a continuous
presence from the Palaeogene onwards to the Miocene or
indeed a Palaeogene extinction and a later dispersal event
along with chameleons (Čerňanský 2012). More fossil speci-
mens and a revision of the already named taxa under a modern
phylogenetic context are definitely needed in order to shed
more light on the European squamate palaeobiogeography.
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A B S T R A C T

Fossil amphibians and reptiles from the earliest late Miocene (early Tortonian, MN 9) of Plakias (Crete,

Greece) are described in this paper. Most of the material is fragmentary, precluding precise taxonomic

assignment. Nevertheless, the herpetofauna of Plakias is here shown to be diverse, comprising at least six

different taxa: an alytid anuran, a crocodilian, two turtles (a pan-trionychid and a geoemydid) and two

squamates (an amphisbaenian and a colubroid snake). The crocodilian material represents the first such

fossils described from Greece and furthermore, one of the latest occurrences of this group in Europe. The

pan-trionychid and the geoemydid represent the oldest occurrences of these groups in Greece and

further add to their scarce Miocene record from this country. The first description of a fossil

amphisbaenian from Greece is also provided. The new specimens from Plakias add to our knowledge of

the Miocene herpetofaunas of southeastern Europe.

� 2016 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Miocene herpetofaunas from Europe are relatively well known
(Rage and Augé, 1993; Sanchiz, 1998; Rage and Roček, 2003;
Szyndlar and Rage, 2003; Augé, 2005; Danilov, 2005). However, the
focus of previous studies is heavily unbalanced toward the
herpetofaunas of the western and central parts of the continent,
whereas only few papers have dealt with the eastern European
ones (Szyndlar and Zerova, 1990; Szyndlar, 1991a,b; Rage and
Augé, 1993; Antunes, 1994; Rage and Roček, 2003; Danilov, 2005;
Daza et al., 2014). On the other hand, even less is known about the
Miocene amphibians and reptiles from southeastern Europe,
despite the fact that this region played a pivotal biogeographic
role during that period: several dispersals events from both Africa
and Asia occurred during this time interval (Rögl, 1999; Koufos
et al., 2005). As such, the study of southeastern European localities
§ Corresponding editor: Gildas Merceron.
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0016-6995/� 2016 Elsevier Masson SAS. All rights reserved.
could clarify important aspects about the biogeography, evolu-
tionary history and extinction events of certain European groups.

Greece harbors a large number of Miocene localities, of which
several have been well known and studied for more than a
century (Koufos, 2006). However, mammal findings were
almost always the main focus of these studies, thereby
neglecting other important tetrapod taxa such as amphibians
and reptiles. Nevertheless, important fossil findings during the
last 160 years have shown a diverse array of Miocene reptiles
(Gaudry, 1862–1867; Römer, 1870; Weithofer, 1888; Szalai,
1931; Paraskevaidis, 1955; Bachmayer, 1967; Richter, 1995;
Szyndlar, 1995; Georgalis et al., 2013, 2016b; Georgalis and
Kear, 2013; Vlachos and Tsoukala, 2014; Vlachos et al., 2015b;
Garcia et al., 2016), whereas amphibian fossils remain practi-
cally unknown from this time interval in Greece, with only few,
sporadic published occurrences (Sanchiz, 1998; Rage and Roček,
2003).

Here we describe new amphibian and reptile findings from the
earliest late Miocene (early Tortonian, MN 9) locality of Plakias, on
the Island of Crete, southern Greece. The fragmentary nature of
these fossils precludes any taxonomic assignment at the species
level. Higher level taxonomic determination was possible,

http://crossmark.crossref.org/dialog/?doi=10.1016/j.geobios.2016.09.004&domain=pdf
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however, revealing an unexpectedly diverse assemblage consisting
of anurans, pan-trionychids, geoemydids, crocodilians, amphis-
baenians, and snakes.

Institutional Abbreviations: NHMC, Natural History Museum
and University of Crete, Greece; UU, Department of Earth Sciences,
University of Utrecht, The Netherlands.

2. Geological framework

All specimens described herein were collected from the locality
of Plakias (also known under the spelling Plakia). This is an earliest
late Miocene locality, situated in the Agios Vasileios municipality,
Rethymnon periphery, Island of Crete (Fig. 1). Its exact age was
initially believed to be younger than late Astaracian (late MN 7/MN
8; de Bruijn and Meulenkamp, 1972), a suggestion that was
tentatively followed by van der Made (1996) and Koufos
(2006). However, it was recently shown that the fauna pertains
to the Vallesian (early Tortonian, MN 9), with an age of
approximately 9.9 Ma (de Bruijn et al., 2012; Koufos and
Kostopoulos, 2013). The Plakias Basin is filled with continental
deposits characterized by alternations of silty clays, silts,
sandstones and conglomerates (de Bruijn et al., 2012). Fossils
originate from grayish clays overlying beige to brown clays with
calcretes in a shallow gully complex, southeast of Plakias (de Bruijn
et al., 2012).

The palaeoherpetofauna of Plakias can neither confirm nor
dispute with certainty the suggested age of the locality as Vallesian
(MN 9), earliest late Miocene (de Bruijn et al., 2012). However, it is
noted that pan-trionychids and crocodilians are better represented
in early and middle Miocene localities of Europe, rather than late
Miocene ones (Karl, 1999; Delfino and Rossi, 2013). Since none
among the Plakias representatives of the herpetofauna can be
attributed to the species level, no further age correlation can be
safely made. In any case, the age information on the basis of
micromammals allows referring the whole faunal assemblage to
the earliest late Miocene (MN 9; de Bruijn et al., 2012).

3. Material and methods

All the amphibians, crocodilians and squamates, and part of the
pan-trionychid and geoemydid material described in this study is
housed in the collections of the University of Utrecht (UU). This
amphibian and reptile material was collected along with the fossil
micromammals that were described by de Bruijn and Meulenkamp
(1972) from the first period of fieldwork at Plakias. Part of the
geoemydid and the pan-trionychid material belongs to the
collections of the Natural History Museum of Crete (NHMC) and
represents material that was collected by Kuss in the 1970s. This
material was originally in the Geologisch-Paläontologisches
Institut der Universität Freiburg, Germany, and later formed part
Fig. 1. Map of Crete, locating the earliest late Miocene locality of Plakias.
of the collections of the Natural History Museum of Karlsruhe,
Germany, before its recent return to the NHMC. This material was
studied in the doctoral thesis of one of us (Vlachos, 2015) and is
further presented here in the context of the whole herpetofauna of
Plakias. It is not possible to determine the exact stratigraphic origin
of the material collected by Kuss, as he did not publish anything
about it. It has been recently noted, however, that the old (de Bruijn
and Meulenkamp, 1972) and new (de Bruijn et al., 2012)
micromammal collections of Plakias could ‘‘come from slightly
different stratigraphic levels’’ (de Bruijn et al., 2012, p. 61) due to
building activity in the area during the last 40 years. However, the
same authors noted that ‘‘the 25 cm thick grayish silty clay
sampled in 2010 seems to be the only bed that contains vertebrate
remains’’ (de Bruijn et al., 2012, p. 61). Following this line of
reasoning, and in the absence of conflicting evidence, we treat all
the material described herein as originating from the same site.

Taxonomy follows Pyron and Wiens (2011) for anurans, Joyce
et al. (2004) for turtles, Brochu (2000) for crocodilians, and
Gauthier et al. (2012), Pyron et al. (2014), and Wallach et al. (2014)
for squamates. Anatomical terminology follows Sanchiz (1998) for
anurans, Zangerl (1969) for turtles, Steel (1973) for crocodilians,
Estes (1983) for amphisbaenians, and Rage (1984) for snakes.

4. Systematic paleontology

Amphibia Linnaeus, 1758
Anura Fischer von Waldheim, 1813
Alytidae Fitzinger, 1843
cf. Alytidae indet.
Fig. 2
Referred specimens: UU PL 701, a fragmentary trunk vertebra;

UU PL 702, a single, partial tibiofibula.
Description: UU PL 701: This trunk vertebra preserves only the

centrum and, on both sides, a small, basal portion of the neural
arch. The centrum is roughly 2.8 mm long and slightly dorsoven-
trally flattened. The condyle bears a small, but well-defined
condylar neck that is typical of opisthocoelous vertebrae and
therefore characterizes the anterior extremity of the centrum. The
anterior condyle and the posterior cotyle are rather subcircular.

UU PL 702: The preservational status of this tibiofibula
fragment is poor. It preserves only a terminal portion, showing
the presence of the two fused elements. Moreover, the fact that this
skeletal element has limited diagnostic value hinders a precise
identification.

Remarks: UU PL 701 can be tentatively referred to the Alytidae
on the basis of the condylar neck that marks the condyle. This
character has not been described in the literature (e.g., Bailon,
1999) but in our experience, this trait is characteristic for this
group of frogs, which at least in some cases have also a comparable
size. UU PL 702 is here tentatively referred to the same taxon
represented by the co-occurring vertebra. Most probably, the
amphibian material presented herein is the same that Sanchiz
(1998, p. 168) referred to as ‘‘Platkia (sic.), Greece, Neogene:
Discoglossinae indet. (Sanchiz, unpublished)’’ (Borja Sanchiz, pers.
comm. to GLG, February 2016).

It is beyond the scope of this paper to evaluate the taxonomic
affinities of European painted frogs and we follow Frost et al.
(2006) in using the term Alytidae for all these amphibians. Despite
their confined extant distribution, alytids were once widespread in
Europe (Rage and Roček, 2003). In Greece, other fossils attributed
to this group have been briefly reported from the Miocene of
Aliveri, Ano Metochi, Biodrak, Lefkon, Maramena, Monasteri and
Pikermi, the Pliocene of Kardia, Ptolemais and Spilia, and the
Miocene or Pliocene of Rema Aslan and Rema Marmara (Rage and
Roček, 2003).



Fig. 2. cf. Alytidae from the earliest late Miocene of Plakias: UU PL 701, a trunk

vertebra in dorsal (A), anterior (B) and ventral (C) views. Scale bar: 1 mm.

Fig. 3. Pan-Trionychidae from the earliest late Miocene of Plakias. A. NHMC

21.7.3.1670, fragment of a neural, in dorsal (A1) and visceral (A2) views. B. UU PL

703, fragment of a costal in dorsal (B1) and visceral (B2) views. C. UU PL 704,

fragment of a costal in dorsal (C1) and visceral (C2) views. D. NHMC 21.7.3.1671,

fragment of plastron in dorsal view. Scale bar: 10 mm.
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Reptilia Laurenti, 1768
Testudines Batsch, 1788
Pan-Trionychidae Joyce et al., 2004
Pan-Trionychidae indet.
Fig. 3
Referred specimens: UU PL 703, costal fragment; UU PL 704,

costal fragment; NHMC 21.7.3.1670, neural; NHMC 21.7.3.1671,
plastron fragment.

Description: NHMC 21.7.3.1670 (Fig. 3(A)): This specimen
corresponds to an almost complete neural. Although the specimen
is eroded, the shape of the neural appears to be hexagonal with
short lateral sides. Dorsally, the distinctive sculpturing is visible,
consisting mainly of small pits. Viscerally, the attachment for the
vertebra is preserved.

UU PL 703 (Fig. 3(B)): This specimen corresponds to a fragment
of a costal, as is shown by the presence of a rib on the visceral part.
On the distal side, a part of the rib is apparent as well. Dorsally, the
distinctive sculpturing is visible, consisting of small pits that are
mainly separated from one another. The anterior and posterior
margins of the costal are developed parallel to each other on the
preserved part.

UU PL 704 (Fig. 3(C)): This specimen corresponds to a fragment
of a costal, as is shown by the presence of the rib on the visceral
part. Its morphology is similar to the previously described
specimen (UU PL 703), but a larger part of the costal is preserved.

NHMC 21.7.3.1671 (Fig. 3(D)): This specimen most probably
corresponds to a process of the plastron. It is long and flattened,
with an elliptical cross-section. Further identification is not
possible.
Remarks: The available specimens can be attributed to Pan-
Trionychidae based on the presence of sculpturing that covers all
metaplastic portions of the shell bones (Vitek and Joyce, 2015). The
preserved pan-trionychid material from Plakias consists mainly of
carapace fragments and a possible plastron element. Given that the
sculpturing pattern is highly variable among soft-shelled turtles,
even within individuals of the same species (Gardner and Russell,
1994; Vitek and Joyce, 2015), further identification is not possible.
Compared to the only other known fossil pan-trionychid from
Greece from the Pliocene of Gefira, northern Greece (Vlachos et al.,
2015a), the Plakias specimens pertain to a smaller-sized form, both
in regards of carapacial disk length and thickness of the carapace.
Another difference between these two Greek occurrences is noted
in the sculpturing of the two forms: on the basis of the commonly
preserved distal part of the costal, the pits on the Plakias pan-
trionychid are mainly separated, whereas in the pan-trionychid
from Gefira, they are mostly coalesced, forming continuous
grooves. As mentioned above, however, the extreme variability
of sculpturing observed within pan-trionychids does not allow us
to determine taxonomic differences between the two Greek forms
on the basis of this character.

Geoemydidae Theobald, 1868
Genus Mauremys Gray, 1869
Mauremys sp.
Fig. 4
Referred specimens: NHMC 21.7.3.1618, part of anterior lobe;

NHMC 21.7.3.1619, right xiphiplastron; NHMC 21.7.3.1620, left
hypoplastron; NHMC 21.7.3.1621, group of 15 plastral fragments;
NHMC 21.7.3.1622-1624, three neurals; NHMC 21.7.3.1625-1626,
left hyoplastron fragments; NHMC 21.7.3.1627, right hypoplastron
fragment; NHMC 21.7.3.1628, costal fragment; NHMC 21.7.3.1629,
right hypoplastron fragment; NHMC 21.7.3.1630-1931, two costal
fragments; NHMC 21.7.3.1632, left epiplastron; NHMC
21.7.3.1633, left hyoplastron fragment; NHMC 21.7.3.1634, group
of 23 shell fragments; NHMC 21.7.3.1635, right epiplastron; NHMC
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21.7.3.1636-1937, two left epiplastra; NHMC 21.7.3.1638-1939,
two costal fragments; NHMC 21.7.3.1640, two costals in associa-
tion; NHMC 21.7.3.1641, right peripheral 1; NHMC 21.7.3.1642,
right xiphiplastron fragment; NHMC 21.7.3.1643, right hypoplas-
tron fragment; NHMC 21.7.3.1644, left hyoplastron fragment;
NHMC 21.7.3.1645-1947, three costal fragments; NHMC
21.7.3.1648, group of approximately 80 shell fragments; NHMC
21.7.3.1649, neural fragment; NHMC 21.7.3.1650, group of 10 shell
fragments; NHMC 21.7.3.1651, neural I; NHMC 21.7.3.1652-1665,
14 costal fragments; NHMC 21.7.3.1666-1668, three peripheral
fragments; NHMC 21.7.3.1669, group of 50 shell fragments; UU PL
705, possible hyoplastron fragment.

Description: The material consists of numerous shell frag-
ments of relatively good preservation. Most specimens preserve
sufficient anatomical information, but several remain indetermi-
nate. The description of the most complete specimens is given
below.

Carapace elements (Fig. 4(A–J)). NHMC 21.7.3.1623 (Fig. 4(A)):
This specimen corresponds to a complete neural. It is hexagonal,
with short anterior lateral sides. It is not crossed by any vertebral
sulci, suggesting that it is the second or fourth neural. NHMC
21.7.3.1645 shows a similar morphology (Fig. 4(C)).

NHMC 21.7.3.1622 (Fig. 4(B)): This is a complete neural that is
hexagonal, with short lateral sides. It is crossed by the vertebral
sulci in the posterior part, suggesting that it is the third or fifth
neural.

NHMC 21.7.3.1624 (Fig. 4(D)): This complete neural is
quadrangular to rounded, with the anterior part being slightly
wider. It is not crossed by any vertebral sulci. Its size is rather small,
in comparison to the other neurals described. A dorsal keel is noted
longitudinally, suggesting that it could belong to a young
individual.

NHMC 21.7.3.1651 (Fig. 4(E)): This specimen corresponds to a
complete first neural. It is quadrangular with rounded edges, being
longer than wide. The posterior part is crossed by the vertebral
sulcus that is not straight.

NHMC 21.7.3.1649 (Fig. 4(F)): This specimen corresponds to a
fragment of a neural. It is much wider than long, hexagonal in
shape, with shorter anterior lateral sides. As such, it is most
probably one of the posterior neurals. Viscerally, the attachment
for the vertebra is visible. As it is not crossed by any sulci; it could
be either the sixth or seventh neural.

NHMC 21.7.3.1640 (Fig. 4(G)): This specimen corresponds to
the medial parts of two successive left costals in association. Both
show the long and short medial sutures for the corresponding
hexagonal neurals. In the preserved part, the sulci between the
vertebrals and the pleurals can be observed.

NHMC 21.7.3.1638 (Fig. 4(H)): This specimen corresponds to an
almost complete right costal, missing only the distal part. In medial
side, two sutured surfaces are visible, one long and the other short,
corresponding to an hexagonal neural. Dorsally, the sulci between
the vertebrals are visible, suggesting that this could be the third or
fifth costal.

NHMC 21.7.3.1639 (Fig. 4(I)): This specimen corresponds to the
medial part of a left costal. In medial side, two sutured surfaces are
visible, one long and one short, corresponding to an hexagonal
neural. Dorsally, the sulci between the pleurals cross the medial
part of this costal, suggesting that this could be the second, fourth
or sixth costal.

NHMC 21.7.3.1641 (Fig. 4(J)): This specimen corresponds to an
almost complete right peripheral I. Based on the preserved anterior
border we can estimate the presence of a wide nuchal notch
affecting also the first peripherals. The peripheral is long and
narrow. Medially, the vertebral I and the pleural I show a long
overlap on the peripheral, whereas the vertebral I contacts
marginal II.
Plastron elements (Fig. 4(K–S)). NHMC 21.7.3.1618 (Fig. 4(K)):
This specimen corresponds to the right part of the anterior lobe of
the plastron, consisting of the right epiplastron and most of the
entoplastron. The epiplastron is long and narrow. Viscerally, a long
but shallow lip is formed, being concave medially and convex
laterally. Anteriorly, a shallow notch is noted. The entoplastron is
hexagonal and rounded, being wider posteriorly. The gular scutes
are wide and long, overlapping the anterior part of the entoplas-
tron. The gular/humeral sulcus is slightly convex laterally, and
causes a slight constriction in the anterior part of the lobe. The
humerals are medially short and laterally longer. The entoplastron
is also overlapped by the anterior part of the pectorals. The
humero-pectoral sulcus is slightly concave medially.

NHMC 21.7.3.1637 (Fig. 4(L)): This specimen corresponds to a
left epiplastron. The epiplastron is long and rather wide. Viscerally,
a long lip is formed, being concave medially and convex laterally.
The gular scutes are wide and long, overlapping the anterior part of
the entoplastron. The gularo/humeral sulcus is slightly convex
laterally. The left epiplastron NHMC 21.7.3.1636 shows a similar
morphology.

NHMC 21.7.3.1635 (Fig. 4(M)): This specimen corresponds to a
right epiplastron. It is long and rather wide. Viscerally, a long and
shallow lip is formed, being concave medially and convex laterally.
The gular scutes are wide and long, overlapping the anterior part of
the entoplastron. The gularo-humeral sulcus is slightly convex
laterally and causes a slight constriction in the anterior part of the
lobe.

NHMC 21.7.3.1632 (Fig. 4(N)): This is an almost complete left
epiplastron, rather long and wide. Viscerally, a short, shallow and
slightly concave lip is formed. It is covered medially by the gulars.
An irregular growth of a small scute is noted in the anterior end of
the gularo-humeral sulcus.

NHMC 21.7.3.1620 (Fig. 4(O)): This specimen corresponds to an
almost complete left hypoplastron. The anterior suture, which
connects it to the hyoplastron, is straight, whereas the posterior
one, which connects it to the xiphiplastron, is slightly convex. The
hypoplastron is rather flat. Viscerally, the abdominal forms a wide
and slightly convex lip on the posterior lobe. Ventrally, an unusual
morphology is noticed. Although the posterior part of the
hypoplastron is covered by the abdominal scute, anteriorly there
is another sulcus. Such sulcus is apparent also in another specimen
from Plakias (NHMC 21.7.3.1643; Fig. 4(P)), a morphology that has
not been previously noted in geoemydids. However, the absence of
corresponding hyoplastra and the disarticulated nature of the
material do not allow us to clarify this character.

NHMC 21.7.3.1643 (Fig. 4(P)): This specimen corresponds to
an almost complete right hypoplastron. The anterior suture,
which connects it to the hyoplastron, is straight, whereas the
posterior one, which connects it to the xiphiplastron, is slightly
convex. The hypoplastron is rather flat. Viscerally, the abdominal
forms a wide and slightly convex lip on the posterior lobe. In the
posterior part, the abdomino-femoral sulcus is clearly visible,
whereas in the anterior part the sulcus is not clear as a result of
erosion.

NHMC 21.7.3.1619 (Fig. 4(Q)): This specimen corresponds to an
almost complete right xiphiplastron. The lateral sides of the
posterior lobe are converging posteriorly. On the posterior part, a
deep and wide anal notch is formed. The xiphiplastral extremities
are rounded. The femorals cover the anterior part of the
xiphiplastron, whereas the anals show a somewhat long covering
on the posterior part of the lobe. The femoro-anal sulcus is slightly
convex, being oriented antero-medially.

NHMC 21.7.3.1642 (Fig. 4(R)): This specimen corresponds to a
fragment of the right xiphiplastron. On the basis of the preserved
part, the presence of a wide angular anal notch can be estimated. In
the anterior part, a short part of the femoro-anal sulcus is noted.
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UU PL 705 (Fig. 4(S)): In the collections of UU, this small-sized
specimen probably represents a fragment of the left hyoplastron. It
preserves a curved sulcus that could be identified as the pectoro-
abdominal one. Further identification is not possible, but it is
overall similar to the respective material from NHMC and can be
attributed to the same taxon as well.

Remarks: The specimens can be attributed to Geoemydidae on
the basis of the following characters: first neural quadrangular,
remaining neurals hexagonal with short anterolateral sides,
pectorals medially shorter than the gulars, and deep anal notch.
They can be further identified as a member of Mauremys on the
basis of the contact between vertebral I with marginal II and the
entoplastron being crossed by the gulars and the humero-pectoral
sulcus (Claude et al., 2007). The Mauremys material from Plakias
suggests attribution to a single taxon, on the basis of the similar
size, surface sculpturing and overall morphology. The combined
information of the preserved elements allows the documentation
of the morphology of most parts of the shell, indicating a confident
assignment to Mauremys, but no species determination can be
made with certainty.

Based on the available epiplastra, at least three adult
individuals are preserved, and a juvenile individual is also
present. The unusual morphology noted in the hypoplastra
(NHMC 21.7.3.1620 and NHMC 21.7.3.1643) needs to be further
investigated, as it has not previously been observed in other
geoemydids. However, the absence of corresponding hyoplastra
and the disarticulated nature of the material do not allow us to
interpret this character. The extended covering of the pleural I and
vertebral I on peripheral I distinguishes the Plakias Mauremys

from the extant Mauremys caspica (Gmelin, 1774) and M. rivulata

(Valenciennes, 1833), as also from the extinct M. gaudryi (Depéret,
1885) (Pliocene, France; Hervet, 2003). As such, the Plakias
Mauremys is more similar to other Miocene terrapins from central
and eastern Mediterranean (e.g., M. campanii Chesi et al., 2009,
from Tuscany, Italy). The narrower neural I, the shape of the
entoplastron, having the posterior part shorter than the anterior
one, and the shorter pectoral covering on the entoplastron
differentiate the Plakias geoemydid from M. campanii. The angular
anal notch also differentiates the Plakias geoemydid from the
roughly similar M. sarmatica (Purschke, 1885) from the Miocene of
Germany, which has a rounded anal notch (Hervet, 2003). The
Plakias terrapin represents the oldest described occurrence of
Geoemydidae from Greece, being older than the Allatini (Mio-
cene/Pliocene boundary; Vlachos et al., 2015b) and the Maramena
forms (latest Miocene; Gad, 1990; Georgalis and Kear, 2013;
Vlachos et al., 2015b), both recovered from northern Greece. All
other fossil geoemydid occurrences from Greece are only known
from Pleistocene and Holocene remains (Chesi et al., 2007;
Georgalis and Kear, 2013).

Crocodylia Gmelin, 1789
Crocodylia indet.
Fig. 5
Referred specimens: UU PL 706 to UU PL 732, 27 isolated teeth;

UU PL 735 and UU PL 736, two phalanges.
Description: UU PL 706-732: Several isolated teeth preserve

only a crown that is conical, variably pointed apically, and
regularly concave basally. Some of the teeth are only partially
preserved; the largest crown is 8.3 mm long. Mesiodistal carinae
separate a lingual, slightly concave surface from a labial, slightly
convex surface. The carinae are not serrated. Both lingual and labial
surfaces can be slightly wrinkled and bear longitudinal ridges.
Some of the teeth are slender, long, and pointed, whereas others
are more massive and apically blunt.

UU PL 735-736: These two phalanges are elongated elements
showing a single roundish articular surface proximally. The best
preserved element (UU PL 735) is 18 mm long. Its distal portion is
dorsoventrally flattened and laterally provided, on both sides, with
a sort of weak keel.

Remarks: The morphology of the teeth is fully congruent with
that of generalized crocodilians, but does not allow a more precise
identification, since in most cases crocodilian teeth are not
diagnostic. These are, however, congruent with the morphology
of the Crocodylus teeth from the late Miocene of Italy (Delfino et al.,
2007). Not much can be said about the phalanges, except for the
fact that they show standard crocodilian morphology. They are
referred to the same taxon as the teeth. The Plakias specimens
constitute the first fossils of crocodilians described from Greece, as
also one of the last occurrences of this group in the European
continent (Table 1).

Squamata Oppel, 1811
Amphisbaenia Gray, 1844
Amphisbaenia indet.
Fig. 6
Referred specimen: UU PL 733, a single presacral vertebra.
Description: The specimen is a rather small, procoelous

vertebra with a centrum length of only 1.2 mm. A slight degree
of deformation is recognizable in anterior view. The centrum is
dorsoventrally compressed and has a flattened ventral surface and
subparallel lateral margins. A massive and rounded synapophysis
is visible on the right side of the vertebra. In dorsal view, the neural
arch is constricted in the middle. Its dorsal surface is flattened and
the neural spine is lacking, as well as the zygosphene. Only the
right prezygapophysis is preserved: it is roughly sub-elliptical and
tilted dorsally about 308. The prezygapophyseal process is rather
short. Neither the posterior end of the neural arch nor the
postzygapophyses are preserved.

Remarks: The specimen can be attributed to Amphisbaenia on
the basis of the combination of the following characters: small
size, dorsoventrally compressed centrum with a flattened ventral
surface and roughly parallel lateral margins, short and robust
prezygapophyses, massive and rounded synapophyses, absence
of zygosphene, and a dorsally flattened neural arch lacking a
neural spine (Estes, 1983; Delfino, 2003). Amphisbaenians are
present in the extant herpetofauna of Greece, with Blanus

occurring in the Dodecanese Islands (see below, Section 5.2), but
they were totally absent in the fossil record of the country. As
such, the specimen described herein represents the first known
fossil amphisbaenian from Greece. Its affinities with Blanidae,
which are the only extant amphisbaenians inhabiting Europe,
cannot be tested on the basis of the vertebral morphology:
isolated vertebrae of Amphisbaenia do not show significant
diagnostic features that would allow for a more precise
identification (Estes, 1983). The sole other known fossil
amphisbaenian from the Aegean region has been recovered
from the Pliocene of Çalta, Turkey (Rage and Sen, 1976). The Çalta
amphisbaenian is represented by three vertebrae, none of which
was figured or described in detail. As a matter of fact, no further
comparison between these specimens can be made.

Also interesting, the vertebra UU PL 733 represents the sole non-
snake squamate from Plakias, as other lizards are conspicuously
absent. We consider that this absence is due to taphonomic or
collection biases and does not reflect the actual lizard palaeodi-
versity of Plakias.

Serpentes Linnaeus, 1758
Colubroidea Oppel, 1811
?Natricinae Bonaparte, 1838 (sensu Szyndlar, 1991b)
?Natricinae indet.
Fig. 7
Referred specimen: UU PL 734, a single precloacal vertebra.
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Description: The vertebra is fragmentary, with the prezyga-
pophyses, part of the cotyle and part of the neural spine being
eroded. The vertebra is procoelous, relatively large and propor-
tionally elongate, with a centrum length of 5.5 mm. The
prezygapophyseal processes are not clearly visible, due to the
fact that the anterior portion of the vertebra is not well preserved.
The cotyle is rather incomplete but appears to be relatively
rounded. Only part of the zygosphene is preserved. The condyle is
spherical and rather robust, and protrudes significantly from the
posterior part of the vertebra. The roof of the zygantrum is visible
and appears to be relatively thick. The neural canal is rather large,
almost equal in size to the condyle. Synapophyses are divided in
diapophyses and parapophyses. The neural spine is broken. The
hypapophysis was probably present, however, this cannot be
evaluated with certainty. In ventral view, a subcentral foramen is
also visible at mid centrum length of the vertebra.

Remarks: The specimen can be attributed to Serpentes on the
basis of the general vertebral shape and especially the presence of
zygantrum and zygosphene (Rage, 1984). The single snake
vertebra from Plakias is fragmentary, thus precluding the
evaluation of exact taxonomic affinities. However, the probable
presence of hypapophysis could indicate that this specimen
belongs to either natricines, viperids or elapids. All these three
groups have been recorded in the Miocene of Greece (Szyndlar,
1991a,b, 1995; Szyndlar and Rage, 2002; Georgalis et al., 2016a).
The combination, however, of a rather elongate centrum, strong
subcentral ridge and, probably, a posteriorly vaulted neural spine,
prompts us to consider natricine affinities as the most plausible for
the Plakias snake. This identification is further supported by direct
comparison with numerous skeletons of extant natricine snakes.

5. Discussion

5.1. Palaeoecology of Plakias

The locality of Plakias is mostly known for its micromammal
assemblage (de Bruijn and Meulenkamp, 1972; de Bruijn et al.,
2012). This is comprised of erinaceomorphs and soricomorphs
eulipotyphlans, and eomyid, sciurid, glirid and murid rodents,
whereas larger mammals are known only by an indeterminate suid
similar to Propotamochoerus (van der Made, 1996; Koufos, 2006; de
Bruijn et al., 2012). The presence of at least three distinct taxa of
sciurids (Koufos, 2006) indicates the likely presence of a forested
environment (de Bruijn et al., 1980), although we acknowledge
that several fossil and extant sciurids are ground dwellers (e.g.,
Viriot et al., 2011). Plant remains and invertebrates are also known
from Plakias (de Bruijn et al., 2012). Fossil invertebrates include
freshwater gastropods such as Planorbis and Brotia (de Bruijn et al.,
2012), which further suggest the presence of a river or lake system.

The new amphibian and reptile finds from Plakias allow us to
draw further conclusions regarding the palaeoecology of this
locality. The presence of an alytid frog implies wet habitats, which
is the common environment for the extant members of the group
(Vitt and Caldwell, 2014). All extant crocodilians are known to be
water dwellers, inhabiting river systems, lakes, and even venture
Fig. 4. Mauremys sp. from the earliest late Miocene of Plakias. A. NHMC 21.7.3.1623, neur

drawing of the dorsal (B2) and visceral (B3) views. C. NHMC .7.3.1645, neural in dorsal (C1

views. E. NHMC 21.7.3.1651, neural in dorsal (E1), drawing of the dorsal (E2) and viscera

views. G. NHMC 21.7.3.1640, two successive costals in dorsal (G1) and visceral (G2) views

(H3) views. I. NHMC 21.7.3.1639, costal fragment in dorsal (I1), drawing of the dorsal (I2) 

the dorsal (J2) views. K. NHMC 21.7.3.1618, right epiplastron and entoplastron in viscera

epiplastron in visceral (L1), ventral (L2) and drawing of the ventral (L3) views. M. NHM

ventral (M3) views. N. NHMC 21.7.3.1632, left epiplastron fragment in visceral (N1),

hypoplastron in visceral (O1), ventral (O2) and drawing of the ventral (O3) views. P. NH

ventral (P3) views. Q. NHMC 21.7.3.1619, right xiphiplastron in visceral (Q1), ventral (Q

fragment in visceral (R1) and ventral (R2) views. S. UU PL 705, possible hyoplastron fragm

ir, irregular scute growth. Scale bar: 10 mm.
into the open sea (Steel, 1973; Britton et al., 2012). The
fragmentary nature of the Cretan crocodilian does not allow us
to make a proper specific or generic identification, but as the teeth
from Plakias bear strong resemblance with certain Neogene finds
from the Mediterranean that are assigned to Crocodyloidea or
Alligatoroidea, we can infer a similar lifestyle. All extant pan-
trionychids are known to be strictly aquatic, and a similar or
identical life strategy has been proposed for all fossil taxa of this
group as well (Vitek and Joyce, 2015). The occurrence of a
geoemydid further indicates the presence of lake and river systems
(Busack and Ernst, 1980). The amphisbaenian vertebra is
fragmentary and cannot be assigned to the specific level. However,
the vast majority of amphisbaenians are fossorial (Kearney, 2003)
and as such, a similar, burrowing lifestyle is also proposed for the
Cretan representative of this clade. Additionally, the presence of a
natricine snake adds a further aquatic or semi-aquatic taxon to the
locality (Vitt and Caldwell, 2014).

5.2. Biogeography

At least until the late Serravallian (middle Miocene), Crete was
located at the southern part of Aegäis, the continental area that
united modern Greece with Anatolia, but it was most probably
already isolated as an island by the Tortonian (late Miocene), after
the opening of the Proto-Aegean Sea (Dermitzakis and Papaniko-
laou, 1981; Poulakakis et al., 2005). The suggested age of the
Plakias fauna as early Tortonian (de Bruijn et al., 2012) coincides
with the breakup of the southern Aegean landmass and the early
formation of Crete as an island (Poulakakis et al., 2005; fig. 4). As
such, we cannot determine with certainty whether Plakias hosted a
truly continental fauna or an insular fauna at least partly deriving
from the former continental assemblages. However, even if the
fauna was an insular one, it should have strong biogeographic
affinities with coeval mainland Aegäis faunas.

The micromammal fauna of Plakias bears strong affinities with
coeval ones from Central Europe (de Bruijn et al., 2012). The
amphibian and reptile fossils described herein provide additional
information about the palaeobiogeography of this part of
southeastern Europe, as Miocene herpetofaunas are not well
documented in that region (Georgalis et al., 2013; Georgalis and
Kear, 2013).

The presence of an alytid frog in the late Miocene of Crete is not
of biogeographic importance, as this group was widespread
throughout Europe during that time interval and has been also
found from several other Neogene localities from Greece (Rage and
Roček, 2003). All other fossil amphibians from Crete are of
Quaternary age (Caloi et al., 1986; Sanchiz, 1998).

The two distinct turtle taxa recovered from Plakias represent
the oldest turtles from Crete, as also the oldest occurrences of
Geoemydidae and Pan-Trionychidae from Greece known up to
date. Overall, turtles were considered up to now to be absent from
Neogene localities of Crete, with their only remains known from
Pleistocene and Holocene sediments (Bachmayer et al., 1975;
Kotsakis, 1977; Brinkerink, 1996; Chesi et al., 2007; Georgalis and
Kear, 2013). Although Brinkerink (1996, p. 208) noted that no
al in dorsal (A1) and visceral (A2) views. B. NHMC 21.7.3.1622, neural in dorsal (B1),

) and visceral (C2) views. D. NHMC .7.3.1624, neural in dorsal (D1) and visceral (D2)

l (E3) views. F. NHMC 21.7.3.1649, neural fragment in dorsal (F1) and visceral (F3)

. H. NHMC 21.7.3.1638, costal in dorsal (H1), drawing of the dorsal (H2) and visceral

and visceral (I3) views. J. NHMC 21.7.3.1641, peripheral in dorsal (J1) and drawing of

l (K1), ventral (K2) and drawing of the ventral (K3) views. L. NHMC 21.7.3.1637, left

C 21.7.3.1635, right epiplastron in visceral (M1), ventral (M2) and drawing of the

 ventral (N2) and drawing of the ventral (N3) views. O. NHMC 21.7.3.1620, left

MC 21.7.3.1643, right hypoplastron in visceral (P1), ventral (P2) and drawing of the

2) and drawing of the ventral (Q3) views. R. NHMC 21.7.3.1642, right xiphiplastron

ent in visceral (S1), ventral (S2) and drawing of the ventral (S3) views. Abbreviation:



Fig. 5. Crocodylia from the earliest late Miocene of Plakias. A. UU PL 706, isolated

tooth in labial (A1) and mesial (A2) views. B. UU PL 707, isolated tooth in labial (B1)

and mesial (B2) views. C. UU PL 708, isolated tooth in labial (C1) and mesial (C2)

views. D. UU PL 709, isolated tooth in labial (D1) and mesial (D2) views. Scale bar:

1 mm.
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turtles are known from pre-Pleistocene sites from Crete, he pointed
out the potential of the site of Plakias. The presence of pan-
trionychids in the early late Miocene of Greece represents the
oldest record and the second only occurrence of this group from
the country, which was otherwise only known from the Pliocene of
northern Greece (Vlachos et al., 2015a). Pan-trionychids are
widespread throughout Europe during the Neogene (Hummel,
1932; Młynarski, 1976; Danilov, 2005; Karl, 1999); however, their
alpha taxonomy has not been settled with certainty, mostly
because of the homoplastic characters that are observed in their
morphology (Vitek and Joyce, 2015). Curiously also, Miocene pan-
trionychids were totally absent until now from Greece, despite the
wealth of fossil localities of that age in the country and extensive
sampling (Georgalis and Kear, 2013). The new specimens from
Plakias could probably indicate that this absence was not genuine
and that pan-trionychids will be subsequently found in other
Greek Miocene localities. This is further supported by the presence
of pan-trionychids in the Miocene of Bulgaria (Pamouktchiev et al.,
1998; Georgalis and Kear, 2013) and Anatolia (Staesche et al.,
2007). Affinities of the new Cretan pan-trionychid with the
Bulgarian and Anatolian forms cannot be established due to the
fragmentary nature of the new specimens. Other, relatively
geographically close Miocene pan-trionychids are also known
from Cyprus (Hadjisterkotis et al., 2000), Egypt (Lapparent de
Broin, 2000), and Italy and Malta (Kotsakis, 1985). The Plakias
geoemydid adds to the Miocene diversity of this group in
southeastern Europe. Additionally, this pre-Messinian occurrence
of Mauremys further corroborates the suggestion of Chesi et al.
(2009) for warm and wet conditions during that period in southern
Mediterranean Europe.

Crocodilians are conspicuous elements in several Miocene
faunas across European localities (among others, Ginsburg and
Bulot, 1997; Kotsakis et al., 2004; Delfino et al., 2007; Delfino and
Rook, 2008; Martin, 2010; Martin and Gross, 2011; Delfino and
Rossi, 2013). However, they are relatively scarce by the late
Miocene and were apparently absent from southeastern Europe
and Anatolia (Böhme, 2003; Sen et al., 2011). The youngest up to
date published records of crocodilians from Europe are known
from the latest Miocene of Italy (Table 1), as supposed occurrences
from the late Miocene and Pliocene of Spain and Portugal have not
been accompanied by descriptions or figures, and are here
considered anecdotal (Delfino et al., 2007). The taxon Diplocynodon

levantinicum from Bulgaria, was initially thought to be of Pliocene
age (Huene and Nikoloff, 1963), whereas it was later treated
questionably as late Miocene (Delfino and Rossi, 2013), but its type
locality is now believed to pertain most probably to the middle
Miocene (Sen et al., 2011). With the exception of the slender
snouted forms attributed to Tomistoma (Capellini, 1890; Vianna
and Moraes, 1945), several late Miocene occurrences are consid-
ered to be members of Crocodylus or at least cf. Crocodylus (Delfino
et al., 2007; Delfino and Rook, 2008; Delfino and Rossi, 2013) that
possibly dispersed from Africa well before the Messinian Salinity
Crisis (Delfino et al., 2007). Interestingly also, Gargano and
Scontrone, that yielded Crocodylus remains, were palaeoislands
during the latest Miocene; we can thus speculate that the Cretan
crocodilian could also belong to the same lineage and had
originated through a similar dispersal route from Africa. Whatever
the case, the isolated teeth from Plakias represent the first
crocodilians from Greece to be formally described and one of a few
late Miocene occurrences of this group in Europe.

Our knowledge of squamate biogeography during the Miocene
of Europe is hindered by the lack of consensus surrounding the
taxonomy and phylogenetic relationships of its representatives.
This is especially true for the southeastern European localities, from
where only few specimens have been recovered, most of which
originating from classic, well known mammal-bearing sites
(Gaudry, 1862–1867; Weithofer, 1888; Richter, 1995; Georgalis
et al., 2016b). The presence of a natricine in the late Miocene of
Plakias adds to the already known diversity of this widespread
snake group (Szyndlar, 1991b), and in fact, represents one of the
southernmost fossil occurrences of colubroids in Europe. Whether
the Plakias snake bears close affinities with other Neogene



Table 1
Youngest occurrences of crocodilians in Europe.

Taxon Age Locality Reference

Crocodylus sp. Latest Messinian (or even early Zanclean,

depending on the age of the Terre Rosse

from Gargano)

Gargano, Apulia, Italy Delfino et al. (2007)

Crocodylia indet. Late Messinian Cava del Monticino, Brisighella,

Emilia-Romagna, Italy

Rook et al. (2015)

Tomistoma calaritanus Tortonian–Messinian Is Mirrionis, Sardinia, Italy Capellini (1890)

Crocodylia indet. Late Tortonian Fiume Santo, Sardinia, Italy Abbazzi et al. (2008)

cf. Crocodylus sp.

(type of Crocodylus bambolii)

Tortonian Montabamboli-Casteani-Ribolla,

Tuscany, Italy

Delfino and Rook (2008)

Tomistoma cf. lusitanica Tortonian Olhos de Agua, Algarve, Portugal Vianna and Moraes (1945)

Crocodylia indet. (Diplocynodon sp.) Tortonian Soblay, Ain, France Ménouret and Mein (2008)

Crocodylia indet. Early Tortonian Plakias, Crete, Greece This paper

cf. Crocodylus sp. Early Tortonian Scontrone, Abruzzo, Italy Rustioni et al. (1993) and

Delfino and Rossi (2013)
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natricines from southeastern Europe (e.g., the natricine from
Maramena described by Szyndlar, 1995) cannot be tested due to
the fragmentary nature of the single known specimen. Furthermore,
the Plakias natricine represents the sole Neogene record of snakes
from Crete, as all other fossil occurrences from the island are
confined to Pleistocene and Holocene sediments (Holman, 1998).
Amphisbaenians are well known from several Miocene European
localities, but almost only from the western and central parts of the
continent (Roček, 1984; Bolet et al., 2014; Čerňanský et al., 2015),
whereas they have never been described from the Balkan Peninsula
and eastern Europe in general (Delfino, 2003), with the single
exception of a blanid from the middle Miocene of Tauţ, Romania
(Venczel and Ş tiucă, 2008). After the end of the Miocene, the
distribution of amphisbaenians in Europe became gradually
restricted to its Mediterranean margins, becoming extinct from
most regions after the Pleistocene and surviving today only in the
Iberian Peninsula and few Greek Islands (Delfino, 1997; Delfino and
Bailon, 2000). Amphisbaenians are represented in the Greek extant
herpetofauna solely by the species Blanus strauchi (Bedriaga, 1884),
which is distributed in the islands of Samos, Fournoi, Leros, Kos,
Symi, Rhodes, and Kastellorizon (Valakos et al., 2008). Blanus occurs
also in the adjacent Anatolia, represented by B. strauchi and two
additional, recently described or revalidated species: B. alexandri
Fig. 6. Amphisbaenia from the earliest late Miocene of Plakias: UU PL 733, presacral

vertebra in right lateral (A), anterior (B), dorsal (C) and ventral (D) views. Scale bar:

1 mm.
Sindaco, Kornilios, Sacchi and Lymberakis, 2014, and B. aporus

Werner, 1898. So far, the Anatolian fossil record of amphisbaenians
is also poor, consisting of only a single record from the Pliocene of
Çalta (Rage and Sen, 1976; Delfino, 1997). Whether or not the
Fig. 7. ?Natricinae from the earliest late Miocene of Plakias: UU PL 734, precloacal

vertebra in dorsal (A), ventral (B), right lateral (C), anterior (D) and posterior (E)

views. Scale bar: 1 mm.
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Plakias specimen represents a species of Blanus cannot be evaluated
on the basis of vertebral characters. It is, however, probable that the
Plakias amphisbaenian does belong to Blanus, as members of this
genus have a wide Miocene distribution in western and Central
Europe (Bolet et al., 2014; Čerňanský et al., 2015) and the disjunct
extant restricted distribution in the western and eastern edges of
the continent has been in fact interpreted as relics of an initially
continuous range in southern Europe (Alexander, 1966; Delfino,
2003), a situation that has also been observed for other squamate
groups such as erycid and elapid snakes (Szyndlar, 1991a,b; Rage,
2013). In fact, Greece and in general the southern Balkans have been
suggested as acting as a refugium for multiple squamate groups
such as scolecophidians, erycids, the large anguid Pseudopus, and
the so called ‘‘oriental vipers’’ (Delfino, 2003), which all have their
sole extant European populations only in that region (Sindaco and
Jeremčenko, 2008). However, an alternative hypothesis of the
Plakias amphisbaenian sharing affinities with African ones should
also be taken into consideration, due to the geographical proximity
of Crete to Africa and the unexpected but now well-known marine
dispersal capabilities of these squamates (Kearney, 2003; Longrich
et al., 2015). Nevertheless, such hypothesis remains severely
hindered by the poor fossil record of African squamates (Rage,
2003; Delfino et al., 2004). Pending the discovery of more complete
material from Plakias that could ideally comprise cranial elements
that bear diagnostic features, no further biogeographic correlations
of the Cretan amphisbaenian with European, Anatolian or African
taxa can be made with certainty.

6. Conclusions

The herpetofauna of Plakias described in this paper includes the
oldest amphibians and reptiles from the Island of Crete and
represents one of the southernmost fossil herpetofaunas of Europe.
The alytid frog presented herein adds to the known record of this
group from the Miocene of southern Europe. The crocodilians are
the first described from the country and represent one of the
youngest occurrences of this group in Europe. Turtles include two
distinct taxa: a geoemydid and a pan-trionychid, both representing
the oldest occurrences of these groups from Greece. The single
colubroid snake specimen adds further to the published record of
Miocene snakes from Greece, whereas the amphisbaenian vertebra
from Plakias represents the first described fossil of this group from
the country, suggesting that amphisbaenians had a continuous
range in the northern Mediterranean area. The herpetofauna of
Plakias is shown to be diverse. Overall, it further adds to our
knowledge of the Miocene herpetofaunas of southeastern Europe,
a region in which amphibian and reptile fossils are still not
adequately known.
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(Testudines) II. AULA-Verlag GmbH, Wiebeisheim, pp. 329–448.

Daza, J.D., Bauer, A.M., Snively, E., 2014. On the gekkotan fossil record. Anatomical
Record 297, 433–462.

http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0005
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0005
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0005
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0005
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0010
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0010
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0015
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0015
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0015
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0015
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0020
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0020
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0020
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0025
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0025
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0025
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0030
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0030
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0030
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0035
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0035
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0040
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0040
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0040
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0040
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0040
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0045
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0045
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0050
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0050
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0050
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0055
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0055
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0055
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0060
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0060
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0065
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0065
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0065
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0070
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0070
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0070
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0075
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0075
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0080
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0080
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0080
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0085
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0085
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0090
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0090
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0090
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0095
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0095
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0095
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0100
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0100
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0100
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0100
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0105
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0105
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0105
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0110
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0110
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0110
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0115
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0115
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0115
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0120
http://refhub.elsevier.com/S0016-6995(16)30097-3/sbref0120


G.L. Georgalis et al. / Geobios 49 (2016) 433–444 443
de Bruijn, H., Doukas, C.S., van den Hoek Ostende, L.W., Zachariasse, W.J., 2012. New
finds of rodents and insectivores from the Upper Miocene at Plakias (Crete
Greece). Swiss Journal of Palaeontology 131, 61–75.

de Bruijn, H., Meulenkamp, J.E., 1972. Late Miocene rodents from the Pandanassa
formation (Prov. Rethymnon), Crete, Greece. Proceedings of the Koninklijke
Nederlandse Akademie van Wetenschappen, Series B 75, 54–60.

de Bruijn, H., van der Meulen, A.J., Katsikatsos, G., 1980. The mammals from the
Lower Miocene of Aliveri (Island of Evia, Greece). Part 1: The Sciuridae. Pro-
ceedings of the Koninklijke Nederlandse Akademie van Wetenschappen, Series
B 83, 241–261.

Delfino, M., 1997. Blanus from the early Pleistocene of southern Italy: another small
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des Sciences Géologiques 17, 1–272.

Dermitzakis, D.M., Papanikolaou, D.J., 1981. Paleogeography and geodynamics of
the Aegean region during the Neogene. Annales Géologiques des Pays Hellé-
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systématique des Testudinoidea aquatiques du Tertiaire d’Europe occidentale:
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und Paläontologie, Abhandlungen 261, 177–193.
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Fossil lizards and snakes from Ano Metochi – a diverse squamate fauna from the 
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ABSTRACT
We here describe a new squamate fauna from the late Miocene (Messinian, MN 13) of Ano Metochi, northern 
Greece. The lizard fauna of Ano Metochi is here shown to be rather diverse, consisting of lacertids, anguids, 
and potential cordylids, while snakes are also abundant, consisting of scolecophidians, natricines and at 
least two different colubrines. If our identification is correct, the Ano Metochi cordylids are the first ones 
identified from Greece and they are also the youngest representatives of this group in Europe. A previously 
described scincoid from the adjacent locality of Maramena is here tentatively also referred to cordylids, 
strengthening a long term survival of this group until at least the latest Miocene. The scolecophidian 
from Ano Metochi cannot be attributed with certainty to either typhlopids or leptotyphlopids, which still 
inhabit the Mediterranean region. The find nevertheless adds further to the poor fossil record of these 
snakes. Comparison of the Ano Metochi herpetofauna with that of the adjacent locality of Maramena 
reveals similarities, but also striking differences among their squamate compositions.

Introduction

Fossil squamate faunas from the southeastern edges of Europe 
are not well studied, despite the fact that they could play a  pivotal 
role in our understanding of the biogeography and systemat-
ics of these reptiles. As such, although fossil lizards and snakes 
have been known from Greece since the nineteenth century 
(Owen 1857; Römer 1870; Weithofer 1888), they have only been 
sparsely documented (Schneider 1975; Szyndlar and Zerova 
1990; Georgalis, Szyndlar et al. 2016; Georgalis, Villa, Delfino 
2016).

The focus of this paper is the squamate fauna of the late 
Miocene (Messinian, MN 13) Ano Metochi-2 and Ano 
Metochi-3 localities in northern Greece. Fossil reptiles from 
Ano Metochi were previously undescribed, with the exception 
of an indeterminate natricine briefly mentioned by Szyndlar 
(1991b), and an agamid listed, erroneously, by Delfino et al. 
(2008, map in Figure 1) and Blain et al. (2016, map in Figure 4) 
(see Discussion below). The fossils described herein pertain to 
a diverse array of lizards and snakes and all originate from Ano 
Metochi-2 and Ano Metochi-3, two adjacent localities that were 
up to now mostly known for their micromammals (de Bruijn 
1989; Koufos 2006).

Institutional Abbreviations: MDHC, Massimo Delfino 
Herpetological Collection, University of Torino, Italy; MNCN, 
Museo Nacional de Ciencias Naturales, Madrid, Spain; NHMW, 
Naturhistorisches Museum, Vienna, Austria; UU, University of 
Utrecht, Utrecht, Netherlands.

Materials and methods

All specimens described herein belong to the collection of the 
UU. Comparative material includes multiple skeletons of extant 
lizards and snakes housed in the MDHC, MNHN, MNCN and 
NHMW.

Geological and palaeoecological settings

Ano Metochi is situated next to the city of Serres, in the 
Serres Basin, Central Macedonia, northern Greece (Figure 1). 
Fossils have been found in two different localities, namely Ano 
Metochi-2 and Ano Metochi-3 (hereafter abbreviated as AM-2 
and AM-3). The fossiliferous level of both AM-2 and AM-3, 
as well as that of the adjacent locality of Maramena, belong to 
the Lefkon Formation, characterized by conglomerates con-
taining pebbles of schist, gneiss and granite (de Bruijn 1989). 
The geology of the Lefkon Formation and the adjacent ones 
(Georgios Formation and Spilia Formation) within the Serres 
Basis is described in detail by de Bruijn (1989). AM-2 and AM-3 
are currently considered to be coeval and to be late Miocene 
(Messinian, MN 13) in age, whereas the adjacent Maramena is 
only slightly younger (MN 13 / 14) (Koufos 2006). Ano Metochi 
is mostly known for its diverse micromammal fauna, compris-
ing lagomorphs, and sciurid, petauristid, cricetid, murid, gerbil-
lid, spalacid and glirid rodents (de Bruijn 1989; Koufos 2006). 
Among large mammals, only the giraffid Helladotherium and two 
bovids, Prostrepsiceros woodwardi and an indeterminate species 
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whereas UU AM2 501 is roughly 4.5  mm in length) bearing 
pleurodont, cylindrical and slender teeth. Ten tooth positions 
are recognizable in UU AM3 502, but only four teeth are pre-
served; all of them are bicuspid. UU AM2 501, on the other hand, 
bears three teeth and three empty tooth positions. In the latter 
specimen, tooth crowns are rather eroded, but one of the teeth 
seems to show two small accessory cusps by the sides of the main 
one. On the dorsal surface of the palatal shelf of both maxillae 
there is a very large superior dental foramen, followed by a wide 
and deep groove. The lateral surface of the fragments is smooth, 
with two ventrolateral foramina in both of them. Moreover, it is 
distinctly concave in UU AM2 501.

UU AM3 503, UU AM2 502, UU AM2 503 and UU AM2 
504 are partially preserved dentaries, with missing the anteri-
ormost and posteriormost parts. The length of the preserved 
portion of the specimens is 3.3 mm (UU AM3 503), 6.3 mm 
(UU AM2 502), 3 mm (UU AM2 503) and 6.7 mm (UU AM2 
504). The dentaries are characterized by heterodont dentition and 
bear pleurodont and cylindrical teeth. Eight tooth positions are 
visible in UU AM3 503, ten in UU AM2 502, nine in UU AM2 
503 and sixteen in UU AM2 504. The preserved teeth can be 
mono-, bi- or tricuspid. All teeth protrude well above the labial 
wall of the jaw. Also, teeth increase in basal diameter along the 
row, with the anteriormost having a narrower diameter than the 
posteriormost ones. The Meckelian fossa is moderately wide and 
opens medio-ventrally on the medial side of the bone. The lateral 
surface is smooth, with only three (Lac 002 and UU AM2 503) 
or six (UU AM2 504) labial foramina (not preserved in UU AM2 
503), of which one is rather enlarged in UU AM3 503.

of Gazella, have been reported so far from from Ano Metochi 
(Koufos 2006). Interestingly, different palaeoenvironments have 
been suggested for AM-2 and AM-3 on the basis of their micro-
mammal fauna, with the former being considered to pertain to 
a wet and forest landscape, whereas the latter corresponding to 
a more dry and open environment (de Bruijn 1989).

Systematic Palaeontology
Squamata Oppel, 1811
Lacertidae Oppel, 1811
Lacertidae indet (Figure 2).

Material. AM-2: one fragment of a maxilla (UU AM2 501), three 
dentaries (UU AM2 502, UU AM2 503 and UU AM2 504), and 
two fragments of tooth-bearing bones (UU AM2 505). AM-3: 
one premaxilla (UU AM3 501), one maxilla (UU AM3 502) and 
one dentary (UU AM3 503).
Description. The premaxilla (UU AM3 501) is almost complete, 
lacking only the dorsal tip of the ascending nasal process. It is 
small-sized, with an alveolar plate that is 2.1 mm wide. It bears 
seven pleurodont, cylindrical and slender teeth, whose crown is 
not preserved. The postero-lateral tips of the palatal process are 
broken, but they are clearly separated by a wide and V-shaped 
notch. The incisive process is poorly developed. The ascending 
nasal process tends to slightly widen dorsally, but it does not 
show a leaf-shaped or an arrow-shaped morphology; its lateral 
margins are roughly subparallel in anterior view. A distinct sep-
tonasal crest is visible on the posterior surface of the process, 
whereas the anterior one is smooth.

The maxillae (UU AM3 502 and UU AM2 501) are repre-
sented by small fragments (UU AM3 502 is 3 mm in length, 

Figure 1. Map of greece, indicating the localities of ano Metochi (aM-2 and aM-3) studied in this paper.
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The fragments of tooth-bearing bones are small-sized and 
poorly preserved. They bear pleurodont, cylindrical, slender and 
bicuspid teeth.
Remarks. The morphology of the teeth allows assignment of 
UU AM3 502, UU AM3 503 and UU AM3 501 to Lacertidae 
(Bailon 1991). The width of the alveolar plate of UU AM3 501 
fits within the ranges defined by Barahona and Barbadillo (1997) 
for Iberolacerta bonnali, Podarcis bocagei, Podarcis hispanicus, 
and Podarcis muralis (1.6 mm-2 mm) and for Acanthodactylus 
erythrurus, Iberolacerta cyreni, Iberolacerta monticola, and 
Psammodromus algirus (2.3–2.4 mm). Moreover, according to 
the latter authors, seven tooth positions are a characteristic fea-
ture of the premaxillae of A. erythrurus, I. bonnali, Po. bocagei, Po. 
hispanicus, and Po. muralis, whereas the parallel lateral margins 
are typical of those of Algyroides marchi, I. bonnali, Po. bocagei, 
Po. hispanicus, Po. muralis, Ps. algirus, and Psammodromus his-
panicus (Barahona and Barbadillo 1997). Accordingly so, UU 
AM3 501 seems to show affinities with the genus Podarcis and 
with I. bonnali. However, it has to be noted that the work of 
Barahona and Barbadillo (1997) is based only on Iberian lac-
ertids and little is known about the comparative osteology of 
the small species inhabiting the eastern part of Europe today. 
Following a cautious approach, we can therefore attribute this 
specimen to a small-sized indeterminate lacertid, even if the pos-
sibility that it belongs to a juvenile of some other, larger species 
cannot be totally ruled out. As for UU AM3 502, UU AM3 503 
and all the remains from AM-2, their fragmentary nature pre-
cludes any taxonomic assignment with certainty, but their size 
is consistent with a small-sized taxon. We cannot thus exclude 
neither the possibility that the material coming from the two 
localities pertains to the same taxon, nor that they represent two 
distinct lacertids from Ano Metochi.

Scincoidea Oppel, 1811
Cordylidae Gray, 1837
?Cordylidae indet (Figure 3).

Material. AM-2: one maxilla (UU AM2 507), two dentaries (UU 
AM2 508 and UU AM2 509), and one fragment of tooth-bearing 
bone (UU AM2 510). AM-3: two right maxillae (UU AM3 505, 
UU AM3 506) and one left maxilla (UU AM3 507).
Description. The four maxillae (UU AM2 507, UU AM3 505, 
UU AM3 506, and UU AM3 507; UU AM3 506 is broken into 
two portions) are not complete, but are moderately large in size 
(lengths are 7 mm for UU AM3 505, 5 mm for UU AM3 507, 
8 mm for UU AM3 506, and 3.5 mm-long for UU AM2 507). 
They bear moderately robust, pleurodont and cylindrical teeth, 
whose crowns are blunt and show lingual and labial longitudi-
nal cusps separated by a groove (similar to the morphotype F 
of Kosma 2004). Moreover, the crowns are slightly curved in 
posteromedial direction and present striae on the lingual side. 
The preserved tooth positions are 10 for UU AM3 507, 13 for 
UU AM3 505, 20 for UU AM3 506, 6 for UU AM2 507, and 
all teeth are closely spaced. UU AM3 506, the most complete 
specimen, shows a low arched ridge on the medial surface of the 
anterior half of the facial process and a deep and moderately large 
superior dental foramen followed by a shallow groove. A similar 
superior dental foramen is visible also in UU AM3 507. In UU 
AM2 507, the arched ridge is well developed. The lateral surface 
of all specimens is smooth, with only a number of ventrolateral 
foramina (three in UU AM2 507, five in UU AM3 507 and seven 
in UU AM3 505 and UU AM3 506).

Tooth morphology of the two incomplete dentaries (UU 
AM2 507 and UU AM2 509) is similar to the above described 
maxillae, even if teeth are slightly more slender. Both spec-
imens still preserve 9 tooth positions only. UU AM2 508 is 
3.8 mm-long, whereas UU AM2 509 is 3.4 mm in length. Both 
specimens are fragmentary and lack the posterior half, but UU 
AM2 509 preserves a narrow and horizontal mandibular sym-
physis. The Meckelian fossa is open medially. The lateral surface 
is smooth, with two (UU AM2 509) or four (UU AM2 508) 
labial foramina.

Figure 2. lacertidae indet.: premaxilla (UU aM3 501) in anterior (a) and posterior (B) views; right maxilla (UU aM3 502) in lateral (c) and medial (D) views; right dentary 
(UU aM3 503) in medial (E) and lateral (F) views; right dentary (UU aM2 504) in lateral (g) and medial (H) views; right dentary (UU aM2 502) in medial (i) view; left dentary 
(UU aM2 503) in medial (J) view. scale bars = 1 mm.
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Scincidae sensu lato (Kosma 2004). In gerrhosaurids, the stria-
tion is usually absent or poorly developed (Kosma 2004). A large 
number of cordylids and scincids, on the other hand, show this 
feature (Kosma 2004), but the distinction between the two fam-
ilies is often difficult (Čerňanský 2012). However, the remains 
from Ano Metochi, despite being incomplete have more robust 
teeth than those usually present in scincids and the striation is 
usually less distinct in the latter clade (Kosma 2004). Moreover, 
the above-described tooth morphology is similar to those shown 

UU AM2 510 is a small fragment of tooth-bearing bone, 
which bears two teeth that are morphologically similar to the 
ones of UU AM2 507. It cannot be determined with certainty 
whether this material pertains to a dentary or a maxilla.
Remarks. Pleurodont implantation, cylindrical shape and bicus-
pid crown provided with lingual and labial longitudinal cusps 
and with striae on the lingual side are typical of the teeth of 
Scincoidea (sensu Estes et al. 1988 and Gauthier et al. 2012), 
including Cordyliformes (Cordylidae and Gerrhosauridae) and 

Figure 3. ?cordylidae indet.: right maxilla (UU aM3 506) in lateral (a) and medial (B) views; left maxilla (UU aM3 507) in ventral (c) view; rigth dentary (UU aM2 508) in 
lateral (D) and medial (E) views; close-up of the teeth of UU aM3 506 in lingual view (F). scale bars = 1 mm.

Figure 4. Ophisaurus sp.: left maxilla (UU aM2 512) in medial view (a); left dentary (UU aM3 510) in medial (B) and lateral (c) views; right dentary (UU aM3 512) in medial 
(D), lateral (E) and dorsal (F) views; presacral vertebra (UU aM3 513) in dorsal (g), posterior (H), left lateral (i), anterior (J) and ventral (K) views. anguidae indet.: osteoderm 
(UU aM3 515) in dorsal (l) view; osteoderm (UU aM3 516) in dorsal (M) view; osteoderm (UU aM3 517) in dorsal (N) view; osteoderm (UU aM3 518) in dorsal (o) view; 
osteoderm (UU aM3 519) in dorsal (P) view. scale bars = 1 mm.
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511: it is located by the second posteriormost tooth position in 
the former and by the third posteriormost one in the latter. The 
posterior end of the same specimens presents a well developed 
coronoid process (although broken by the tip in the latter) and 
a less developed surangular process, separated by a moderately 
shallow coronoid incisure. The angular process (preserved only 
in UU AM3 510) seems not to develop beyond the posterior 
margin of the articulation surface with the angular, even though 
its tip could be broken. The surangular spine seems to be present 
but its posterior end is always broken and the splenial spine, 
when preserved, is poorly developed.

Presacral vertebrae (UU AM3 513) are small (centrum length 
1.9–4 mm) and have a dorsoventrally compressed centrum with 
distinctly convergent lateral margins. The neural canal is sub- 
triangular in anterior view and the prezygapophyses and postzy-
gapophyses are rounded and strongly tilted dorsally (about 45°). 
A well developed neural spine is present on the dorsal surface 
of the neural arch.
Remarks. The dorsoventrally compressed vertebral centrum 
with convergent lateral marginsclearly hint for the presence 
of a non-Anguis anguine taxon in Ano Metochi (Estes 1983). 
Furthermore, in a comparative study of the lower jaw of extant 
anguine genera, Klembara et al. (2014) stated that the presence 
of a surangular spine and of cylindrical and conical ( canine-like) 
teeth slightly bending posteriorly by their tip distinguish  
dentaries of Ophisaurus from those of Anguis and Pseudopus (note 
that the latter authors considered Dopasia as a junior synonym 
of Ophisaurus; this taxonomic opinion is also followed here). The 
dentaries from Ano Metochi clearly do not belong to any of the 
extant species of the genus because of the absence of striae on  
the lingual side of the teeth and the poorly developed  angular 
 process (Klembara et al. 2014). Moreover, they can be 
 differentiated from the extant species Ophisaurus koellikeri on 
the basis of their pointed end of the surangular process, from 
Ophisaurus  ventralis on the basis of their coronoid process 
being longer than the surangular process, and from Ophisaurus 
attenuatus, Ophisaurus compressus, Ophisaurus mimicus and  
O. ventralis by the fact that the latter species have all their teeth 
slender (Klembara et al. 2014). Among fossil taxa, three  species 
of Ophisaurus (including Dopasia) and related forms have been 
established on the basis of dentaries from the Oligocene of 
the Phosphorites du Quercy, France: Ophisaurus coderetensis, 
Ophisaurus frayssensis and Ophisaurus roqueprunensis (Augé 
1992, 2005), with the former two having been recently reallocated 
to their own genus, Ophisauromimus (Čerňanský et al. in press). 
The dentaries from AM-3 differ from Ophisauromimus coderetensis 
in having a less marked coronoid incisure, from Ophisauromimus 
frayssensis in having a smaller size and less enlarged teeth, and 
from Ophisaurus roqueprunensis in having a surangular process 
shorter than the coronoid one and less enlarged teeth (Augé 1992, 
2005). Eastern and Central European species of Ophisaurus have 
been erected based on parietals and therefore it is not possible to 
state if dentaries from AM-3 could belong to them or not. However, 
they differ from the ones attributed by Roček (1984) to Ophisaurus 
cf. spinari from Dolnice (early Miocene, MN 4), Czech Republic, 
because of shorter angular and surangular processes. The  overall 
morphology of the herein described dentaries is similar to the 
one of those attributed to the ‘Anguinae morphotype 2’ from 
 Merkur-Nord (early Miocene, MN 3), Czech Republic (Klembara 

by a left dentary from the early Miocene of Switzerland, figured 
by Jost et al. (2015, Figure 6(h)) and attributed to Bavaricordylus 
sp., as also by a right dentary from the early Miocene of Czech 
Republic, assigned to aff. Palaeocordylus bohemicus by Čerňanský 
(2012). Accordingly so, we here tentatively attribute the above 
described specimens from Ano Metochi to indeterminate cordy-
lids. Interestingly, the scincoid taxon from the late Miocene of 
the nearby Maramena, described by Richter (1995, Figure 1(c) 
and (d)) as ‘Scincoidea Incertae Sedis’ bears strong resemblance 
with our Ano Metochi specimens, especially in terms of tooth 
morphology and the arrangement of the striae, and is here also 
tentatively referred to Cordylidae. Indeed, such a resemblance of 
the Maramena scincoid with primitive cordyliforms was already 
suggested by Richter (1995), who noted a similar arrangement 
pattern of the main striae of the teeth. In any case, if our identi-
fication is correct, these latest Miocene Greek forms from Ano 
Metochi and Maramena represent the youngest occurrence of 
Cordylidae from Europe.

Anguimorpha Fürbringer, 1900
Anguidae Gray, 1825
Anguinae Gray, 1825
Ophisaurus Daudin, 1803
Ophisaurus sp (Figure 4).

Material. AM-2: one fragment of a maxilla (UU AM2 512). 
AM-3: four dentaries (UU AM3 509, UU AM3 510, UU AM3 
511 and UU AM3 512), 51 presacral vertebrae (UU AM3 513).

Description. UU AM2 512 is a rather small fragment of max-
illa, carrying two sub-pleurodont teeth. A third, empty tooth 
position is visible. The preserved teeth are slender and slightly 
enlarged in their basis. One of them preserves the tip, which is 
pointed and slightly bending in posteromedial direction. There 
are no clear striae, but two sharp carinae are present both in the 
anterior and the posterior sides of the tip. The lateral surface 
of the fragment is slightly concave and bears two ventrolateral 
foramina.

The dentaries (UU AM3 509, UU AM3 510, UU AM3 511 
and UU AM3 512) are small-sized and incomplete. UU AM3 
512 represents the anterior end, UU AM3 510 is represented 
only by the posterior portion, UU AM3 511 preserves only the 
dorsal part of the posterior portion and UU AM3 509 lacks both 
the anterior and the posterior ends. All specimens are 4 mm in 
length, except for UU AM3 511 which is smaller (2.8 mm long). 
They bear sub-pleurodont, canine-like teeth, which are slightly 
posteromedially curved by their tip and slightly enlarged by their 
base. Teeth of UU AM3 512 are slightly more cylindrical and less 
enlarged. No striae can be seen on the lingual side of the teeth. 
Number of preserved tooth positions is 5 in UU AM3 511, 6 in 
UU AM3 510, 8 in UU AM3 509 and 9 in UU AM3 512. The 
Meckelian fossa (not preserved in UU AM3 511) is moderately 
narrow and opens ventromedially in UU AM3 509 and UU AM3 
510, but only ventrally in UU AM3 512, since a ventral expan-
sion of the subdental shelf covers it laterally. The lateral surface 
is smooth, except for the presence of the mental foramina (one 
in UU AM3 510 and UU AM3 511, three in UU AM3 512 and 
four in UU AM3 509) and of a deep articulation surface for the 
angular. The mandibular symphysis (preserved only in UU AM3 
512) is narrow and almost horizontal; its posterior end develops 
medially forming a short triangular expansion. The end of the 
intramandibular septum is visible in UU AM3 510 and UU AM3 
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posterior tip of the postzygapophysis. The vertebra bears no 
hypapophysis or haemal keel. The neural arch is depressed and 
lacks a neural spine. The synapophysis is of hemispherical shape. 
Both cotyle and condyle are rather flattened dorsoventrally and 
their form is therefore strongly elliptical. No paracotylar foram-
ina are present. As is common in scolecophidians, the neural 
canal is proportionally large, being much wider above the level 
of the cotyle, than below the level of the zygosphene. In lateral 
view, a large lateral foramen can be seen. There are two ventral 
foramina, of which one is rather enlarged.
Remarks. Rage (1984) and Szyndlar (1985, 1991a) discussed 
the uniform morphology of scolecophidian vertebrae that 
hinders their taxonomy. Their conservative vertebral anatomy 
has resulted in just a single named taxon of this clade from the 
whole European fossil record, ‘Typhlops’ grivensis (Hoffstetter 
1946; Rage 1984). As is the case with most other Paleogene and 
Neogene European scolecophidians, the new Greek scolecophid-
ian cannot be assigned with certainty to either Typhlopidae or 
Leptotyphlopidae. Moreover, the indeterminate scolecophidian 
from the Pliocene of Çalta, Turkey, described by Rage and Sen 
(1976) was not figured, and as such, no comparison with the Ano 
Metochi form can be made. The rather long and enlarged postzy-
gapophyses of the new Greek vertebra, extending well beyond 
the level of the condyle in ventral view, seem to be distinctive; 
however, the current lack of knowledge regarding the anatomy 
and variability of scolecophidian vertebrae, hinders the potential 
taxonomic value of such a character. Whatever the case, the new 
vertebra described in this paper, is one among only a handful 
of known Neogene occurrences of the group worldwide (Mead 
2013).

Alethinophidia Nopcsa, 1923
Colubridae Oppel, 1811
Colubrinae Oppel, 1811 (sensu Szyndlar, 1991a)
Dolichophis Gistel, 1868
cf. Dolichophis sp (Figure 6).

Material. AM-3: seven precloacal vertebrae (UU AM3 522–UU 
AM3 528).

2014) and to Ophisaurus sp. from Polgárdi (late Miocene, MN 13), 
Hungary (Venczel 2006). The latter locality has also yielded ver-
tebrae and osteoderms that are similar in size and morphology to 
the ones from Ano Metochi (Venczel 2006).

Anguidae indet (Figure 4).
Material. AM-2: one fragment of an osteoderm (UU AM2 513). 
AM-3: 25 caudal vertebrae (UU AM3 514), and 41 osteoderms 
(UU AM3 515-UU AM3 520).
Description. Caudal vertebrae are small-sized (centrum length 
of the largest one is 3.9 mm). Their centrum is dorsoventrally 
compressed and bears the proximal portions of fused haemap-
ophyses. The autotomy plane is present.

Osteoderms (UU AM2 513 and UU AM3 515-UU AM3 520) 
are small, but moderately thick. They are subrectangular in shape 
and they show a low keel in the middle of their ornamented 
external surface. In UU AM2 513, the keel is distinct and sharp.
Remarks. The subrectangular and thick osteoderms provided 
with a keel on the external surface indicates that they belong to 
a non-Anguis anguine. Furthermore, although it appears most 
probable that both osteoderms and caudal vertebrae belong to 
the same taxon described above (Ophisaurus sp.), this cannot be 
shown with certainty. We therefore refrain from formally assign-
ing these elements to Ophisaurus, leaving even open the slight 
possibility that there is a second anguid present in Ano Metochi.

Serpentes Linnaeus, 1758
Scolecophidia Duméril et Bibron, 1844
Scolecophidia indet (Figure 5).

Material. AM-3: one precloacal vertebra (UU AM3 521).
Description. The precloacal vertebra UU AM3 521 is rather small, 
with a centrum length of only 1.2 mm, and is missing the anterior 
and posterior margins of the neural arch, the left prezygapophysis 
and postzygapophysis, as well as the left synapophysis. The right 
prezygapophysis and postzygapophysis, the right synapophysis 
and the condyle are partially incomplete. The preserved postzy-
gapophysis seems to be rather long and enlarged, extending well 
beyond the level of the condyle in ventral view. The anterior 
tip of prezygapophysis forms an angle of less than 10o with the 

Figure 5. scolecophidia indet.: precloacal vertebra (UU aM3 521) in dorsal (a), posterior (B), right lateral (c), anterior (D) and ventral (E) views. scale bar = 1 mm.

Figure 6. cf. Dolichophis sp.: precloacal vertebra (UU aM3 522) in left lateral (a), anterior (B), posterior (c), dorsal (D) and ventral (E) views. scale bar = 1 mm.
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largest vertebrae are rather short. In ventral view, the haemal keel 
continues anteriorly toward the base of the cotyle. Subcentral 
foramina are either present or absent, and there are even two 
small ones in UU AM3 531. The subcentral ridges are short and 
they are arched dorsally. In anterior view, the zygosphene roof 
is arched. Paracotylar foramina, when present, are situated in 
a deep depression next to the cotyle. Cotyle and condyle are 
slightly depressed and have an oval shape, in anterior and pos-
terior views respectively.
Remarks. These vertebrae are attributed to Colubrinae by the 
combination of the absence of hypapophysis and presence of 
haemal keel, lightly built morphology, synapophyses clearly 
divided into diapophyses and parapophyses, presence of lateral 
foramina, straight interzygapophyseal ridge, and straight subcen-
tral ridge (Szyndlar 1984, 1991a). This material corresponds to 
a smaller-sized and different colubrine taxon than the larger cf. 
Dolichophis sp. described above. Apart from their absolute size, 
the two Ano Metochi colubrines can be also distinguished from 
each other, by differences in their zygantral roof, prezygapophy-
seal and postzygapophyseal morphology.

Natricinae Bonaparte 1838 (sensu Szyndlar, 1991b)
Natrix Laurenti, 1768
Natrix sp (Figure 7).
Material. AM-2: 24 precloacal vertebrae (UU AM2 515). 

AM-3: 94 vertebrae (UU AM3 539), one compound bone (UU 
AM3 540), and one quadrate (UU AM3 541).
Description. All vertebrae bear well developed hypapophyses. In 
ventral view, the centrum is flattened and clearly delimited by 
prominent subcentral ridges. In several vertebrae, there are two 
enlarged subcentral foramina, located in both sides of the keel, 
at the middle of the centrum. Synapophyses are clearly divided 
into diapophyses and parapophyses bearing parapophyseal pro-
cesses. The latter seem prominent and project anteroventrally. 
Prezygapophyseal processes are stout and the prezygapophyseal 
articular facets are oval shaped. The zygosphene is rather narrow 
and in dorsal view it appears to be slightly crenate. Both cotyle 
and condyle are rather rounded and enlarged, being larger than 
the neural canal. The neural spine variably damaged in all spec-
imens, with few only exceptions. In all cases, the neural spine is 
longer than high in lateral view. Lateral foramina are enlarged.

The compound bone (UU AM3 540) lacks the anteriormost 
portion. The mandibular fossa is rather deep. The medial flange 
of the mandibular fossa is low. The labial flange is concave. The 
upper border of the labial flange is rather thickened.

In posterolateral view, the quadrate (UU AM3 541) is wide 
and flat. The bone is wider in the proximity of the trochlea quad-
rati and it expands towards the dorsal crest. The stapedial process 
is small and is indistinctly demarcated from the bone. The dorsal 
crest is thin and lacks the dorsoventral widening. The quadrate 
crest is prominent especially at middle length.
Remarks. The trunk vertebrae are assigned to Natricinae and 
in particular to the genus Natrix, on the basis of the presence 
of hypapophysis and the shape of the neural spine, the cranial 
margin of which overhangs anteriorly and the caudal margin 
overhangs posteriorly (Szyndlar 1984, 1991b; Ivanov 2002). 
The quadrate is assigned to the genus Natrix on the basis of the 
presence of the thin dorsal crest and the small stapedial process 
that is indistinctly demarcated from the bone (Ivanov 2002). The 
compound bone and the vertebral morphology are reminiscent 

Description. The neural spine is only partially preserved in all 
vertebrae, but it appears that it was longer than high. The neu-
ral arch is vaulted. The centrum of the vertebrae is relatively 
elongated anteroposteriorly. The synapophyses are clearly dif-
ferentiated into parapophyses and diapophyses, with the former 
being larger than the latter. Lateral foramina are present. The 
subcentral ridges and the haemal keel are prominent. In dorsal 
view, the neural spine appears to be thinner anteriorly than pos-
teriorly. The zygosphene is slightly crenate and no median lobe 
is present, while the two lateral lobes are rather prominent. The 
prezygapophyseal articular facets are large and have a relatively 
oval shape. The prezygapophyseal processes are pointed distally. 
In anterior view, the neural canal is rather broad, being wider 
than the cotyle. The zygosphenal roof is thick. In posterior view, 
the postzygapophyseal processes are marked by small foramina. 
The zygantrum appears to be wider than the condyle, with the 
latter being slightly depressed.
Remarks. The presence or absence of a hypapophysis in the mid-
trunk vertebrae has been considered as the most significant char-
acter in distinguishing colubrine from natricine snakes (Szyndlar 
1984, 1991a, 1991b). The specimens UU AM3 522–UU AM3 528 
can be assigned to Colubrinae (sensu Szyndlar 1991b) by the 
combination of the following features: lightly built morphology, 
presence of haemal keel (and not of hypapophysis), synapophyses 
clearly divided into diapophyses and parapophyses, presence of 
lateral foramina, straight interzygapophyseal ridge, and straight 
subcentral ridge. Judging from the size of the largest vertebrae 
(CL: 6.2 mm for UU AM3 522, 5.9 mm for UU AM3 523, and 
5.08 mm for UU AM3 524), the material pertains to a relatively 
large-sized colubrine snake, and it further bears strong resem-
blance with the extant Dolichophis, as also with ‘Coluber’ caspi-
oides, a species originally described from the early Miocene of 
Petersbuch 2 (Szyndlar and Schleich 1993), with an additional 
referred form from the early Miocene of Merkur-Nord, Czech 
Republic (Ivanov 2002). It is worth noting that recently Szyndlar 
(2012) suggested that ‘Coluber’ caspioides should be probably 
referred, along with its similartaxa ‘C.’ suevicus, ‘C.’ dolnicen-
sis and ‘C.’ pouchetii, to the extant genus Dolichophis, although 
he did not formally establish new generic combinations for his 
proposal. This option was later also followed by Venczel and Hír 
(2015) who described a similar form as ‘Coluber’ cf. caspioides 
from the middle Miocene of Litke 1, Hungary, although they also 
hesitated to formally assign this taxon to Dolichophis. In any case, 
the Ano Metochi large colubrine described herein bears strong 
vertebral resemblance to the complex ‘Coluber’ caspioides - ‘C.’ 
suevicus - ‘C.’ dolnicensis - ‘C.’ pouchetii, and is here tentatively 
assigned to cf. Dolichophis, rather than to the wastebasket taxon 
‘Coluber’.

Colubrinae indet (Figure 7).
Material. AM-3: eight precloacal vertebrae (UU AM3 529–UU 
AM3 538).
Description. The centrum is longer than wide. The neural spine 
is variably damaged in most specimens. The lateral foramina 
are distinct and they occur in deep depressions just ventral to 
the interzygapophyseal ridges. Synapophyses are clearly divided 
into parapophyses and diapophyses, with the former being 
rather laterally directed. In dorsal view, the zygosphene is vari-
ably convex or slightly crenate. The prezygapophyseal articular 
facets are rather broad. The prezygapophyseal processes of the 
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vertebrae (UU AM3 552), two humeri (UU AM3 553 and UU 
AM3 554), and one ilium (UU AM3 555).
Remarks. Similarly to the case of the indeterminate snakes that 
was discussed above, this material does not bear diagnostic char-
acters for identification beyond Squamata, and is here considered 
to pertain to indeterminate lizards (aka non-snake squamates).

Discussion

Biogeography

The Ano Metochi squamate fauna is quite diverse, being com-
prised of at least seven different species of lizards and snakes. 
Furthermore, this is one of a few only Miocene squamate local-
ities described so far from Greece (Römer 1870; Weithofer 1888; 
Conrad et al. 2012; Georgalis, Villa and Delfino 2016; Georgalis, 
Villa, Vlachos et al. in press).

The purported presence of an agamid at AM-3, previously 
listed by Delfino et al. (2008) and Blain et al. (2016), is based on 
the misidentification of a specimen (UU AM3 557) belonging 
to a cyprinid fish. A similar erroneous attribution of a fish bone 

to Natrix longivertebrata and N. aff. longivertebrata from the 
Pliocene of Poland and the Miocene of France respectively 
(Szyndlar 1984; Rage and Szyndlar 1986).

Serpentes indet (Figure 7).
Material. AM-2: one dentary (UU AM2 516), 35 precloacal 
vertebrae (UU AM2 517) and 11 caudal vertebrae (UU AM2 
518). AM-3: four dentaries (UU AM3 542-UU AM3 545), one 
?compound bone (UU AM3 546), several isolated fangs (UU 
AM3 547), 130 precloacal vertebrae (UU AM3 548), 46 caudal 
vertebrae (UU AM3 549), and 14 ribs (UU AM3 550).
Remarks. These various cranial and postcranial elements are 
either fragmentary or bear no clear diagnostic features that allow 
us to attribute them to any clade or make any proper identifica-
tion. They are all considered to pertain to indeterminate snakes, 
that could belong also to one of the above described forms.

Squamata indet.
Material. AM-2: one fragment of a dentary (UU AM2 519), 
one fragment of tooth-bearing bone (UU AM2 520), one ver-
tebra (UU AM2 521), and one fragment of a femur (UU AM2 
522). AM-3: one fragment of a pterygoid (UU AM3 551), four 

Figure 7. colubrinae indet.: precloacal vertebra (UU aM3 529) in dorsal (a), ventral (B), right lateral (c), anterior (D) and posterior (E) views. Natrix sp.: precloacal vertebra 
(UU aM2 515) in right lateral (F), anterior (g), posterior (H), ventral (i) and dorsal (J) views; right compound bone (UU aM3 540) in medial (K) and lateral (l) views; left 
quadrate (UU aM3 541) in posterolateral (M) and anteromedial (N) views. serpentes indet.: right dentary (UU aM2 516) in lateral (o) and medial (P) views; fang (UU aM3 
547) (Q). scale bars = 1 mm.
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such, we can speculate that the absence of elapids and ‘Oriental 
vipers’ from Ano Metochi is genuine. In any case, however, this 
absence does not necessitate that these snake groups did not 
disperse to Greece prior to MN 13 (age of Ano Metochi). It is 
possible, in fact, that ecological factors did not favour the pres-
ence of cobras and large vipers at Ano Metochi.

The rise and fall of European girdled lizards

Girdled lizards (Cordylidae) constitute a bizarre clade of heavily 
armored squamates that are now confined to sub-saharan Africa. 
Despite their restricted extant distribution, the clade achieved a 
much wider distribution in the past, as it is demonstrated by its 
fossil record. Fossil cordylids are known with certainty from the 
early Miocene of The Czech Republic (Roček 1984; Čerňanský 
2012) and Germany (Kosma 2004), and the middle Miocene 
(MN 5) of Austria (Böhme 2002), Germany (Böhme 2010) and 
Switzerland (Jost et al. 2015). In addition, certain occurrences 
from the Paleogene of Europe have been variously suggested 
as having affinities with cordyliforms. These include Eocordyla 
mathisi from the middle and late Eocene of France (Augé 2005), 
and ‘Lacerta’ rottensis from the late Oligocene of Germany (von 
Meyer 1856; Böhme and Lang 1991), as also other, unnamed 
forms from the late Eocene of Spain (Bolet and Evans 2013) 
and the late Oligocene of France (Augé and Rage 1995). The 
strong morphological resemblance of cordylid and scincid fossil 
remains may account for this low diversity and the poor record 
of the former clade. Future revisions may therefore show that 
several putative ‘scincids’ belong in fact to cordyliforms. In any 
case, the disjunct fossil distribution of cordyliforms has hindered 
our understanding of their palaeobiogeography. Different sce-
narios were created to explain their origins in Europe: either 
a continuous persistence of cordyliforms in Europe from the 
Eocene until the Miocene, or a late Paleogene extinction event 
of the primitive cordyliforms and then a re-dispersal of cordylids 
from Africa during the early Miocene, following the so-called 
‘Gomphotherium Landbridge’ (Čerňanský 2012; Georgalis, Villa, 
Delfino 2016). The Ano Metochi cordylids cannot favor either 
of these scenarios. On the other hand, however, they reveal that 
cordyliforms persisted in Europe for much longer than what was 
previously thought, since up to now their younger described 
fossils had been recovered from the middle Miocene (MN 5) 
of Central Europe (Rage 2013). Therefore, if our identification 
of the herein described specimens is correct, the occurrence of 
cordylids in the much younger strata of the late Miocene Ano 
Metochi (MN 13) and the tentative referral of the Maramena 
(MN 13/14) form to this clade, implies a much longer survivor-
ship and a possible withdrawal of their range to the southeastern 
margins of the continent. Interestingly, it seems that the Miocene 
southern Europe has variously marked the last occurrences for 
other reptile clades as well, as it has been previously suggested 
for podocnemidoidean turtles (Georgalis et al. 2013; Georgalis 
and Kear 2013) and somehow for crocodiles, even if in the latter 
case, dispersal from Africa is likely (Delfino and Rossi, 2013). 
The long term survival of cordylids could be explained by taking 
into consideration the ecology of extant girdled lizards, which 
mostly shelter in rock crevices or burrows (Bauer 1998), although 
Čerňanský (2012) considered that alternative ecological life-
styles for extinct cordylids could also be possible.

from the Pleistocene of Hungary to an agamid lizard was made 
by Meszoely and Gasparik (2002), as later noted by Rage (2013), 
prompting that cautiousness should be taken when identifying 
acrodont lizards.

With the exception of the probable cordylids, all squamate 
clades (lacertids, anguids, scolecophidians, colubrines and natri-
cines) recovered from Ano Metochi still have extant represent-
atives in Greece (Valakos et al. 2008; Sillero et al. 2014). On the 
other hand, fossil cordylids have never been described from that 
country and are now confined solely to Africa.

The fossil locality Maramena, which is located few kilometres 
away from Ano Metochi, provides a meaningful comparison, 
although it is slightly younger (MN 13/14). Maramena con-
tains agamids, anguids (Ophisaurus), lacertids, scincoids (ten-
tatively referred herein to cordylids), elapids and viperids (of 
the ‘Oriental vipers complex’) (Richter 1995; Szyndlar 1995). 
According to this faunal composition, lacertids and Ophisaurus 
are present in both Ano Metochi and Maramena. Also, as was 
noted above, the scincoid from Maramena described by Richter 
(1995) as ‘Scincoidea Incertae Sedis’ is here tentatively referred 
to Cordylidae, thus marking the shared presence of this clade 
in both Ano Metochi and Maramena. As such, it is obvious that 
lacertids, cordylids and Ophisaurus share a common presence in 
the late Miocene of the Serres Basin, reaching at least the Mio-
Pliocene boundary. On the other hand, agamids, elapids and 
‘Oriental vipers’ are absent from the MN 13 stage (Ano Metochi) 
of the Serres Basin, whereas these clades are recovered at the end 
of MN 13 or the beginning of MN 14 (Maramena). Additionally, 
scolecophidians are present at the MN 13 stage, are then absent 
at the end of MN 13 or beginning of MN 14, and appear again in 
the Greek fossil record in the Plio-Pleistocene (Szyndlar 1991a). 
Agamids, scolecophidians and ‘Oriental vipers’ are still members 
of the Greek extant herpetofauna (Sillero et al. 2014), although 
it has not been clearly demonstrated that the distribution of the 
former is natural or due to anthropogenic factors in antiquity 
(Delfino et al. 2008). However, taking into consideration only 
these two localities, it is difficult to attest whether such faunal 
absences are genuine or simply an artifact of preservation or 
collection. Agamids have a wide distribution during the late 
Miocene of southern Europe, and are readily identified among 
lizard remains due to their characteristic acrodont dentition 
(Delfino et al. 2008). Scolecophidians are relatively small, their 
remains are difficult to collect, and they therefore have a poor 
fossil record (Mead 2013; Colombero et al. 2014), so it is possible 
that their absence in Maramena is due to preservation or collec-
tion biases. However, the case of elapids and ‘Oriental vipers’ is 
more complicated. These snake groups have several records from 
Miocene localities across Europe that are older than Maramena 
and Ano Metochi (Szyndlar and Rage 1990, 2002; Georgalis, 
Szyndlar et al. 2016a). The first descriptions of these groups from 
Greece is only in the late Miocene (MN 13 / 14) of Maramena 
(Szyndlar 1995), with elapids being recorded from the country 
also in the Pliocene and probably Pleistocene (Szyndlar 1991b), 
whereas ‘Oriental vipers’ are still members of the extant herpe-
tofauna (Georgalis, Szyndlar et al. 2016). It is worth noting that 
elapids are also mentioned (without any description or figure) in 
a species list from the also northern Greek locality of ‘Ravin de la 
Pluie’ (MN 10) (de Bonis et al. 1991), and it is therefore impossi-
ble to reassess such a record or the correctness of its identity. As 
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(Adalsteinsson et al. 2012). In Europe, fossil scolecophidians 
are first described from the early Eocene of Dormaal, Belgium 
(Hecht and Hoffstetter 1962). After that, the clade is totally absent 
until the early Miocene, when it is recorded in France, Spain and 
The Czech Republic (Alférez and Brea 1981; Szyndlar 1987; Rage 
and Bailon 2005). During the Miocene and until the Pleistocene, 
scolecophidians have been sporadically recovered from localities 
across Europe (Szyndlar 1985; Hír and Venczel 2005; Szyndlar 
2005; Venczel et al. 2005; Venczel and Ştiucă 2008; Venczel 2011; 
Colombero et al. 2014), showing a post-Pliocene southward- 
directed decreasing trend of their range to the southeastern edges 
of Europe (Szyndlar 1991a; Rage 2013). This decrease in their 
range fully reflects their extant European distribution (south-
ern Balkan Peninsula only), and is also consistent with similar 
southern European ‘refugia’ observed in other disparate reptile 
clades, such as erycine booids (Szyndlar 1991a; Rage 2013), and 
‘Oriental vipers’ (Szyndlar and Rage 2002; Georgalis, Szyndlar 
et al. 2016). Fossil scolecophidians were already known from 
Greece, but they had only been recovered from Plio-Pleistocene 
sediments (Szyndlar 1991a). Thus, the new Ano Metochi form 
adds to the poor global Neogene record of the clade (Mead 2013).

Frustratingly, due to their conservative vertebral morphol-
ogy and the scarcity of extant scolecophidian skeletal descrip-
tions, it is rather difficult to attribute these occurrences to either 
typhlopids or leptotyphlopids. Moreover, the previously consid-
ered widespread extant genus Typhlops, has now been split into 
several genera on the basis of external morphology and strong 
molecular data, with Typhlops sensu stricto being now confined 
to the Caribbean, and the sole extant European representative 
assigned to its own genus, Xerotyphlops, along with three other 
species from the Sahara, Socotra Islands and southwestern Asia 
(Hedges et al. 2014; Pyron and Wallach 2014). This fact leaves the 
generic status of the until now single named species ‘Typhlops’ 
grivensis Hoffstetter, 1946 as uncertain, an attribution that was 
already first questioned by Rage (1984) who treated this taxon 
as ?Typhlops grivensis. We thus here treat the generic attribution 
of ‘T.’ grivensis in quotation marks, pending a redescription of 
the latter species.

Conclusions

Specimens of fossil squamates are described from the late 
Miocene (MN 13) of Ano Metochi, northern Greece. Systematic 
study of the material documents a diverse fauna consisting of 
lacertid, possible cordylid and anguid lizards, and scolecophid-
ian, colubrine and natricine snakes that, with the exception of 
the latter constitute the oldest from Greece. The remains that 
were the origin of the erroneous identification of agamid liz-
ards in previous publications have been here referred to cyprinid 
fish. A previously described scincoid from the adjacent locality 
of Maramena is herein tentatively referred to Cordylidae. The 
probable occurrence of girdled lizards (Cordylidae) in the latest 
Miocene of Greece is remarkable, as it constitutes the youngest 
records of the clade from Europe, implying a long term survi-
vorship of a group that was previously thought to have become 
extinct around the middle Miocene (MN 5). The scolecophidian 
from Ano Metochi cannot be assigned to either Typhlopidae or 
Leptotyphlopidae, but adds to the poorly documented diver-
sity of worm snakes. Comparison of the squamate faunas of the 

The diversity of Ophisaurus in the Neogene of Europe

Anguis and Pseudopus are the only anguines that currently inhabit 
Europe, whereas species of Ophisaurus (sensu lato) are still pres-
ent in northern Africa, southern Asia and North America. The 
main distinction between elements of Pseudopus and Ophisaurus 
is based on the tooth and parietal morphology, with the former 
genus distinguished by molariform posterior teeth, parietal char-
acterized by an anterior branch of the parietal crest medially 
developed and the absence of a distinct parietal notch, whereas 
the latter bearing canine-like teeth, an anterior branch of the 
parietal crest laterally developed and a distinct parietal notch 
(Klembara 1979, 1981; Klembara et al. 2014). Klembara (1981) 
also mentioned some differences in the vertebral morphology 
of Pseudopus and Ophisaurus, with the vertebrae of the former 
being more robust and having straight lateral margins in the cen-
trum, rather than concave ones as is the case for the latter genus. 
Despite their absence in the extant European herpetofauna, a 
large amount of Ophisaurus or Ophisaurus-like forms have 
been described from the fossil record of Europe, with their first 
appearance during the early Eocene of France (Augé et al. 1997). 
Since then, they continued to be present in several European 
Paleogene localities (Rage and Ford 1980; Augé 1992; Augé and 
Rage 1995; Böhme 2008; Augé and Smith 2009; Klembara and 
Green 2010; Čerňanský et al. 2016). Whether all these forms, 
however, constitute a single monophyletic lineage remains yet to 
be tested on the basis of complete phylogenetic analysis. During 
the Miocene Ophisaurus or Ophisaurus-like forms became wide-
spread throughout Europe. Their remains have up to this date 
been recovered from Austria (Böhme 2002; Miklas-Tempfer 
2003; Böhme and Vasilyan 2014), The Czech Republic (Klembara 
1979, 1981, 2014; Roček 1984), France (Augé and Rage 2000; 
Rage and Bailon 2005), Germany (Jörg 1965; Prieto et al. 2009; 
Böhme 2010; Čerňanský et al. 2015), Hungary (Venczel 2006; 
Venczel and Hír 2015), Italy (Delfino 2002; Venczel and Sanchiz 
2006; Rook et al. 2015), Portugal (Antunes and Mein 1981; 
Crespo 2001), Romania (Hír and Venczel 2005; Venczel et al. 
2005; Venczel and Ştiucă 2008), Slovakia (Klembara 1986), Spain 
(Murelaga et al. 2002; Blain 2005), and Switzerland (Jost et al. 
2015; Mennecart et al. 2016). Following the end of the Miocene 
the clade is in demise and their Pliocene record is scarce (Bailon 
1989; Čerňanský 2011; Delfino et al. 2011). The last occurrence 
on the continent is reported from the Pleistocene of France (Clot 
et al. 1976) and Spain (Blain and Bailon 2010). The presence of 
Ophisaurus in Ano Metochi, along with the previously published 
record from Maramena, further confirms that, during the late 
Miocene, the genus had a widespread distribution across Europe, 
being also present in the southeastern margins of the continent. 
Greece is currently inhabited by four distinct anguid species: 
Anguis graeca, Anguis fragilis, Anguis cephallonica, and the largest 
European lizard, Pseudopus apodus (Sindaco and Jeremcenko, 
2008; Gvoždík et al. 2010; Sillero et al. 2014).

The Neogene scolecophidians of Europe

Scolecophidians still occur in the extant Greek herpetofauna with 
Xerotyphlops vermicularis, which is also the sole representative of 
Typhlopidae in Europe. Leptotyphlopidae are not members of the 
extant European fauna, but still occur in the adjacent Asia Minor 
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Palaontol Abh Monatshefte H. 9:515–525.

Böhme M, Vasilyan D. 2014. Ectothermic vertebrates from the late Middle 
Miocene of Gratkorn (Austria, Styria). Palaeobiod Palaeoenv. 94:21–40.

Bolet A, Evans SE. 2013. Lizards and amphisbaenians (Reptilia, Squamata) 
from the late Eocene of Sossís (Catalonia, Spain). Palaentol Electronica. 
16:1–23.

Bonaparte CL. 1832–1841. Iconographia della fauna Italica per le quattro 
classi degli animali vertebrati. Vol. 2. Anfibi. Rome (Italy): Dalla 
Tipografia Salviucci.

Čerňanský A. 2011. New finds of the Neogene lizard and snake fauna 
(Squamata: Lacertilia; Serpentes) from the Slovak Republic. Biologia. 
66:899–911.

Čerňanský A. 2012. The oldest known European Neogene girdled lizard 
fauna (Squamata, Cordylidae), with comments on Early Miocene 
immigration of African taxa. Geodiversitas. 34:837–848.

Čerňanský A, Rage J-C, Klembara J. 2015. The Early Miocene squamates 
of Amöneburg (Germany): the first stages of modern squamates in 
Europe. J Syst Palaeontol. 13:97–128.

adjacent localities Ano Metochi and Maramena reveals shared 
faunal elements but also notable absences among these localities. 
The analysis and detailed description of the squamate remains 
from Ano Metochi allows us to expand and correct the knowl-
edge of the reptile assemblage of this locality (previously limited 
to brief faunal lists) and therefore to enhance our understanding 
of Miocene reptile faunas of southeastern Europe.
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ABSTRACT—Remains of a varanid lizard from the middle Pleistocene of the Tourkobounia 5 locality near Athens, Greece
are described. The new material comprises cranial elements only (one maxilla, one dentary, and one tooth) and is attributed
to Varanus, the genus to which all European Neogene varanid occurrences have been assigned. Previously, the youngest
undisputed varanid from Europe had been recovered from upper Pliocene sediments. The new Greek fossils therefore
constitute the youngest records of this clade from the continent. Despite being fragmentary, this new material enhances our
understanding of the cranial anatomy of the last European monitor lizards and is clearly not referable to the extant Varanus
griseus or Varanus niloticus, the only species that could be taken into consideration on a present-day geographic basis.
However, these fossils could represent a survivor of the monitor lizards of Asian origin that inhabited Europe during the
Neogene.
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monitor lizards (Squamata, Varanidae) fromEurope. Journal of Vertebrate Paleontology. DOI: 10.1080/02724634.2017.1301946.

INTRODUCTION

Monitor lizards (Varanidae) constitute a diverse clade of squa-
mates that inhabit Africa, southern continental Asia, the Philip-
pines, Indonesia and adjacent islands, and Australia (Pianka
et al., 2004). This clade contains more than 70 extant species,
with new ones being frequently described (Doughty et al., 2014;
Maryan et al., 2014; Weijola et al., 2016). Varanids range greatly
in size and include the largest known terrestrial lizards ( D non-
snake squamates), both extinct and extant (Pianka et al., 2004).
Despite their wide extant distribution, their fossil record is
sparse. The first varanids are identified with certainty in the early
Eocene of western Europe. The clade is present there in the
Paleogene and throughout the Neogene, whereas it has few, spo-
radic occurrences in the Paleogene of North America, the Paleo-
gene, Neogene, and Quaternary of Africa and Asia, and the
Neogene and Quaternary of Australia (Estes, 1983; Delfino
et al., 2004; Pianka et al., 2004; Smith et al., 2008; Holmes et al.,
2010). Although scarce, fossil varanids have been known since
the middle of the 19th century (Gaudry, 1862). Their European
pre-Pleistocene record is by far the most abundant, with speci-
mens having been recovered from several localities across the
continent (Fej�erv�ary, 1918, 1935; Pianka et al., 2004; Delfino
et al., 2013).
In this paper, we describe new varanid cranial material from

the middle Pleistocene of Tourkobounia 5, near Athens, Greece,
that represents the youngest record of Varanidae from Europe
and confirms a longer survivorship and later extinction of moni-
tor lizards on this continent.

Institutional Abbreviations—MDHC, Department of Earth
Sciences, University of Turin, Turin, Italy; MNCN, Museo
Nacional de Ciencias Naturales–CSIC, Madrid, Spain; MNHN,
Mus�eum national d’Histoire naturelle, Paris, France; SMF,
Senckenberg Museum, Frankfurt, Germany; TMP, Royal Tyrrell
Museum, Drumheller, Alberta, Canada; UU, collection of the
University of Utrecht; ZFMK, Zoologisches Forschungsmuseum
Koenig, Bonn, Germany.

MATERIALS ANDMETHODS

All varanid specimens described in this paper were found at
the earliest middle Pleistocene locality of Tourkobounia 5, near
Athens, Greece. They are part of the collection of the University
of Utrecht. Comparative material of extant varanids was studied
at MDHC, MNCN, MNHN, SMF, TMP, and ZFMK.
The following specimens of extant species of Varanus were

studied: Varanus acanthurus (SMF 11639, SMF 11642, ZFMK
5225, ZFMK 54252), Varanus albigularis (SMF 11543, SMF
21573, SMF 26580, SMF 34049, SMF 40162, SMF 54758, ZFMK
5138, ZFMK83428),Varanus beccarii (SMF 11637),Varanus ben-
galensis (MNHN 1883–1828, MNHN 1886–634, MNHN 1886–
649, SMF 11550, SMF 11554, SMF 32956, SMF 40160, SMF
40179, SMF 60428, SMF 63456, SMF 71569, SMF 71570, TMP
85.16.5, TMP 90.7.360, ZFMK 14872, ZFMK14873, ZFMK
59018, ZFMK 70425), Varanus caudolineatus (SMF 40086), Vara-
nus cumingi (SMF 11577, SMF 76293), Varanus doreanus (SMF
32290, ZFMK 83429), Varanus dumerilii (SMF 11556, TMP
90.7.271, TMP 90.7.272, TMP 90.7.362, SMF 11557, ZFMK 14876,
ZFMK 14877), Varanus eremius (SMF 11648), Varanus exanthe-
maticus (MDHC 335, MNHN 1910–7, MNHM 1952–132, SMF
11544, SMF 11545, SMF 33260, SMF 33261, SMF 40161, ZFMK
14884, ZFMK 17528, ZFMK 21652, ZFMK 38432, ZFMK 63663,
ZFMK 63664, ZFMK 76976, ZFMK 76977), Varanus flavescens
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(MNHN 1964–51, SMF 11546, SMF 54157, ZFMK 14878, ZFMK
21653), Varanus giganteus (SMF 53263, ZFMK 14882, ZFMK
84341), Varanus gilleni (SMF 11627), Varanus glebopalma
(ZFMK 54847), Varanus gouldi (SMF 11620, SMF 53276, SMF
59018, ZFMK 14885), Varanus grayi (SMF 72156), Varanus gri-
seus (MNHN 1880–4, MNHN 1888–196, MNHN 1895–366,
MNHN 1909–402, MNHN 1973–105, SMF 32911, SMF 33205,
SMF 33206, SMF 33254, SMF 33255, SMF 33256, SMF 33257,
SMF 33702, SMF 40163, SMF 70678, SMF 74486, SMF 79190,
TMP 90.7.47, ZFMK 7848, ZFMK 14883, ZFMK 21657, ZFMK
53533),Varanus indicus (SMF 32180, TMP 90.7.45, ZFMK 14863,
ZFMK 14864, ZFMK 14865, ZFMK 14866, ZFMK 14867, ZFMK
14881), Varanus jobiensis (SMF 75817), Varanus komodoensis
(SMF 23189, SMF 37209, SMF 57555, SMF 57556, SMF 68133,
ZFMK 64698), Varanus marmoratus (SMF 11571), Varanus mer-
tensi (SMF 53275), Varanus mitchelli (ZFMK 54250), Varanus
niloticus (MNCN 40853, MNHN 1887–909, MNHN 1909–20,
MNHN 1921–260, MNHN 1921–260 bis, MNHN 1934–339,
MNHN 1964–50, MNHN 2005–62, SMF 11615, SMF 11618, SMF
26579, SMF 32250, SMF 32909, SMF 33251, SMF 33252, SMF
33253, SMF 34427, SMF 46912, SMF 47171, SMF 53197, SMF
83055, SMF 83056, TMP 90.7.31, ZFMK 70424, ZFMK 14887,
ZFMK 14888, ZFMK 21655, ZFMK 21656, ZFMK 7847), Vara-
nus ornatus (SMF 36173, SMF 54117, ZFMK 14889, ZFMK
87629), Varanus prasinus (SMF 11626, SMF 69454, ZFMK 14868,
ZFMK 14869, ZFMK 14870, ZFMK 14871, ZFMK 14874, ZFMK
14875, ZFMK 54845, ZFMK 54846, ZFMK 76978, ZFMK 7929),
Varanus rudicollis (MNHN 1973-108, SMF 40207, SMF 59216,
SMF 59239, SMF 59242, SMF 67586, TMP 90.7.361, ZFMK 5229,
ZFMK 53534, ZFMK 54253), Varanus salvator (MNHN 1886–
284, MNHN 1888–198, MNHN 1977–04, SMF 11563, SMF 32807,
SMF 32908, SMF 33126, SMF 33127, SMF 33128, SMF 33129,
SMF 33130, SMF 33131, SMF 33132, SMF 33133, SMF 33134,
SMF 35148, SMF 40175, SMF 40176, SMF 40177, SMF 40178,
SMF 66647, SMF 69440, SMF 72158, SMF 81057, SMF 86676,
SMF 90068, TMP 90.7.221, TMP 90.7.223, TMP 90.7.269, TMP
90.7.273, TMP 90.7.274, ZFMK 14859, ZFMK 14860, ZFMK
14861, ZFMK 21651, ZFMK 70190, ZFMK 70205, ZFMK 70433,
ZFMK 91955), Varanus salvadorii (SMF 57878, SMF 58064, SMF
67670, ZFMK 90996, ZFMK 90997), Varanus semirex (ZFMK
54247, ZFMK 54248, ZFMK 54249), Varanus similis (ZFMK
54251, ZFMK 59027), Varanus spenceri (SMF 53277), Varanus
storri (ZFMK 14880, ZFMK 54848, ZFMK 54849), Varanus tim-
orensis (TMP 90.7.38, ZFMK 14886, ZFMK 10000), Varanus tris-
tis (SMF 11630), andVaranus varius (TMP 1997.030.0340).

LOCALITY

Tourkobounia is a fossiliferous fissure fill near Athens,
Greece, that consists of five distinct fossiliferous sites, namely,
Tourkobounia 1, 2, 3, 4, and 5, spanning from the late Pliocene
to the middle Pleistocene. Tourkobounia 1 comprises the oldest
fauna, with a late Pliocene age (MN 16), Tourkobounia 2 is earli-
est early Pleistocene, whereas Tourkobounia 3, 4, and 5 are con-
sidered to pertain to the latest early to earliest middle
Pleistocene (Symeonidis and de Vos, 1976; Symeonidis and
Zapfe, 1976; Reumer and Doukas, 1985). The geological settings
of the Tourkobounia locality were described in detail by Sindow-
ski (1951), de Bruijn and van der Meulen (1975), and Symeonidis
and de Vos (1976). A diverse micromammal fauna has been
described from the middle Pleistocene site of Tourkobounia 5,
comprising chiropterans, erinaceomorph and soricomorph euli-
potyphlans, rodents, and lagomorphs, but macromammals are
restricted to a felid and a cervid (Symeonidis and de Vos, 1976;
Reumer and Doukas, 1985).
Among reptiles from Tourkobounia 5, only a few snakes have

been briefly described to date. These include an indeterminate
scolecophidian, the natricine Natrix sp., and the colubrines

Elaphe quatuorlineata and Zamenis longissimus (Szyndlar,
1991a, 1991b). The herpetofauna from this fossil locality will be
described elsewhere.

SYSTEMATIC PALEONTOLOGY

REPTILIA Laurenti, 1768
SQUAMATA Oppel, 1811

VARANIDAE Gray, 1827 (sensu Estes et al., 1988)
VARANUSMerrem, 1820

VARANUS sp.
(Figs. 1, 2)

Material—UU TB5 1001, one right maxilla (Fig. 1); UU TB5
1002, one partial right dentary (Fig. 2A, B); UU TB5 1003, one
isolated tooth (Fig. 2C, D).

ANATOMICAL DESCRIPTION

Right Maxilla—The maxilla (UU TB5 1001) is fragmentary,
lacking the anterior region (probably the region corresponding
to the first three tooth positions) and the posterior tip (Fig. 1).
The preserved part is moderately robust and 17 mm long. The
facial process is not fully preserved, but its anterior, ascending
edge develops a medial lamina that shows a distinct ventrome-
dial fold. On the dorsal surface of this fold, there is a wide and
slightly anteroposteriorly elongated vomeronasal foramen. The
foramen is flanked laterally by a ridge-like structure (a lappet),
which marks the dorsal edge of the medial lamina. Because it is
broken, the degree of development of this lappet cannot be
determined. Because of its presence, however, the vomeronasal
foramen opens at the base of the medial side of the anterior pre-
maxillary process. A very low ridge is also visible on the dorsal
surface of the lateral margin of the same process. The palatal
shelf is broken, but a large superior dental foramen is visible by
the posterior end of the fragment. The contact between the ven-
tromedial fold and the palatal shelf forms a large, posteriorly
open cavity. Five complete tooth positions are preserved (a sixth
position may have been present posteriorly). Two of them house
well-preserved teeth. The most posterior position is occupied by
the base of a third tooth. The most anterior, incomplete position
bears a small basal portion of another tooth. The teeth are sub-
pleurodont, elongated, conical, and pointed. Their tips are
slightly posteromedially recurved and slightly labiolingually
compressed, and their bases are slightly swollen lingually. Unser-
rated carinae are present on their anterior and posterior margins.
Striations indicating infolding of dentine are present on the bases
both lingually and labially. A spongy tissue connects the teeth to
the alveolar portion of the maxilla. The longest tooth is roughly
4 mm in length. The lateral surface of the maxilla is smooth, with
a row of six anteroposteriorly aligned ventrolateral foramina
near the alveolar margin. Most foramina are small, but the poste-
rior-most one is much larger than the others. Near the anterior
end of the maxilla, a rather large foramen opens posterolaterally
above the line of ventrolateral foramina.

Right Dentary—The fragmentary dentary (UU TB5 1002),
lacking the anterior portion and the posterior processes (Fig. 2A,
B), is 15.7 mm long. The Meckelian fossa is wide and entirely
open medially. The subdental ridge is broken, and it is not possi-
ble to determine to what extent it originally covered the fossa.
Four complete tooth positions and a partial anterior fifth are pre-
served. The bases of two teeth are preserved. They are con-
nected to the bone by a spongy tissue and show striae on both
the lingual and the labial surfaces. The posterior opening of the
alveolar canal is located by the last tooth position, and the intra-
mandibular septum continues posteriorly as a ridge fused to the
wall of the Meckelian fossa. Although it is partially broken, the
superior posterior process appears to bend distinctly dorsally.
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The lateral surface is smooth, with two large mental foramina.
The ventral margin of the dentary is straight in medial view.
Tooth—The isolated tooth (UU TB5 1003) is subpleurodont,

elongated, and conical, with a length of 3.9 mm (Fig. 2C, D). It
has an enlarged base, a pointed tip, and sharp, unserrated carinae
on both the anterior and posterior sides. The distal half of the
tooth is labiolingually compressed, whereas the base is slightly
swollen lingually. The latter portion shows distinct striae on both
the labial and the lingual surfaces. The contact surface with the
tooth-bearing bone is elliptical and oblique, showing a spongy
structure.

TAXONOMIC IDENTIFICATION

Trenchant and keeled or globular teeth, provided with spongy
tissue for the connection with their tooth-bearing bone, and stria-
tion of the surface of the teeth near their base (indicating the
presence of plicidentine, i.e., the infolding of the dentine and

enamel at the basal portion of the tooth) are typical features of
the clade Varanoidea (e.g., Estes, 1983; Bailon, 1991; Kearney
and Rieppel, 2006; Pianka et al., 2004; Luan et al., 2009). More-
over, certain features of the new Greek material exclude its
referral to the non-varanid varanoids (helodermatids, necrosaur-
ids, and lanthanotids). In Heloderma, striae due to the develop-
ment of plicidentine are less extended towards the tip of the
teeth in comparison with Varanus (Kearney and Rieppel, 2006).
In addition, the spongy tissue at the tooth base of helodermatids
does not fully close the pulp cavity, as it does in Varanus and in
the isolated tooth described herein (Kearney and Rieppel, 2006).
In Lanthanotus, striae are less developed towards the tip,
whereas the shapes of the teeth, maxilla, and the dentary are
very different than those of the new fossil material (McDowell
and Bogert, 1954; Kearney and Rieppel, 2006). In necrosaurids,
the presence of plicidentine is highly probable, but the anatomy
of the maxilla and the dentary, and dental shape, is distinct
(Aug�e, 2005; Aug�e and Smith, 2009). Moreover, in terms of the

FIGURE 2. Varanus sp. Right dentary (UU
TB5 1002) in A, medial and B, lateral views;
isolated tooth (UU TB5 1003) in C, medial
andD, labial views. Scale bars equal 1 mm.

FIGURE 1. Varanus sp. Right maxilla (UU
TB5 1001) inA, lateral, B,medial and C, dor-
sal views. White arrowheads mark the cavity
between the ventromedial fold and the pala-
tal shelf. Abbreviations: ml, medial lamina;
vf, vomeronasal foramen; vmf, ventromedial
fold. Scale bar equals 1 mm.
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European fossil record, lanthanotids are totally absent, whereas
helodermatids and necrosaurids are confined strictly to the
Paleogene (Rage, 2013). Within varanids, European fossils have
only been attributed to the genera Saniwa and Varanus. The dif-
ferentiation between the two is mostly based on stratigraphic
rationale and osteological features of bones other than maxillae
or dentaries, but a longer posterior process of the maxilla is gen-
erally present in Saniwa (Estes, 1983). In any case, members of
Saniwa are completely absent from Europe after the Eocene
(Aug�e, 2005), and Varanus is the only valid varanoid genus that
has been reported from European Neogene localities to date
(Delfino et al., 2013). Varanus is also the sole recognized genus
of Quaternary and extant varanids (Pianka et al., 2004). Further-
more, the morphology of the Tourkobounia 5 specimens is con-
sistent with attribution to Varanus, so the material can be
confidently referred to this genus.
The morphology of the maxilla is different from that of the

two extant species that could have potentially extended their
range to Greece in the Middle Pleistocene: Varanus niloticus
(Linnaeus, 1766) and Varanus griseus (Daudin, 1803). The for-
mer is characterized, along with all the other African taxa (Vara-
nus ornatus Gray, 1845, Varanus exanthematicus Bosc, 1792, and
Varanus albigularis Daudin, 1802), by posterior globular teeth in
adult individuals (D’Amore, 2015), whereas V. griseus, among
others, is characterized by the absence of the medial lamina that
is clearly developed in UU TB5 1001 on the sloping anterior
edge of the facial process. The presence of this lamina in UU
TB5 1001 is congruent with that of the extinct Varanus maratho-
nensis Weithofer, 1888, from the late Miocene of Pikermi (also
near Athens), as well as that of several extant Asian taxa, but the
preservational status and the poor knowledge of the osteology of
extant species precludes any specific identification.

DISCUSSION AND CONCLUSIONS

Varanids first appear in the European fossil record during the
Eocene. They are totally absent from the Oligocene faunas of
the continent and seem to appear again after the early Miocene
(Rage, 2013). It remains plausible that these former European
Paleogene varanids were victims of the ‘Grande Coupure,’ going
extinct at the end of the Eocene and that the Miocene forms are
the product of a younger wave of dispersal (Aug�e, 1993; Rage,
2013). On the basis of the available data, however, this cannot be
demonstrated with certainty. In any case, all Neogene European
varanids appear to be members of Varanus, and they seem to
have dispersed into Europe around the early Miocene (Delfino
et al., 2013; �Cer�nansk�y et al., 2015). In fact, the earliest evidence
of the genus on the European continent is recorded in the early
Miocene of Spain (Delfino et al., 2013). Whether these early
Miocene immigrants originated directly from Africa (Holmes
et al., 2010) or have Asian affinities (Conrad et al., 2012; Vidal
et al., 2012; Rage, 2013) cannot be demonstrated with certainty.
The occurrence of Varanus-like forms in the late Eocene and
early Oligocene of Egypt (Smith et al., 2008; Holmes et al.,
2010) favors an African origin, but the Asian record is too poor
to offer any insights. The fact that the maxilla from Tourkobou-
nia 5 does not show any relationship with extant African taxa (V.
albigularis, V. exanthematicus, V. griseus, V. niloticus, V. ornatus)
suggests Asian affinities, as already reported for the extinct Vara-
nus amnhophilis Conrad et al., 2012, from the late Miocene of
Samos (Conrad et al., 2012).
Whatever their exact origin may have been, Varanus spp. rap-

idly achieved a wide distribution throughout Europe during the
Miocene. Fossils attributed to this genus have been described
from localities in several countries, including Austria, Germany,
Greece, Hungary, Italy, Moldova, Portugal, Romania, Spain,
and Ukraine (Weithofer, 1888; Roger, 1898, 1900; Fej�erv�ary,
1918, 1935; Hoffstetter, 1969; Antunes and Rage, 1974; Antunes

and Mein, 1981; Lungu et al., 1983; Zerova and Chkhikvadze,
1986; Delfino, 2002; H�ır and Venczel, 2005; Rage and Bailon,
2005; Venczel, 2005, 2006; Conrad et al., 2012; Delfino et al.,
2013; B€ohme and Vasilyan, 2014; Colombero et al., 2014;
Venczel and H�ır, 2015). During the Pliocene, there is an appar-
ent contraction in their distribution, because described speci-
mens are known only from Hungary (Bolkay, 1913; Fej�erv�ary,
1918), France (Bailon, 1991; Bailon and Blain, 2007), and Spain
(Sanz, 1977; Bailon, 1992). Reports of Pliocene varanids from
Moldova and Ukraine (Zerova and Chkhikvadze, 1986) lack
descriptions, figures, and collection numbers and are thus here
excluded from consideration. Otherwise, the last reported occur-
rence of a varanid from the European continent is known from
the late Pliocene (MN 16) of Beremend 1, Hungary, part of the
type material of Varanus deserticolus (Bolkay, 1913; Rage,
2013). This taxon was established by Bolkay (1913) on the basis
of fragments of a dentary and a vertebra. The vertebra, however,
was later shown to belong to a large anguid (Fej�erv�ary, 1918;
Fej�erv�ary-L�angh, 1923; Estes, 1983), whereas the dentary indeed
has varanid affinities and was considered as being similar to Var-
anus marathonensis from the late Miocene of Pikermi
(Fej�erv�ary, 1918; Estes, 1983).

Outside Europe, the last reliable occurrence of a varanid from
the northern part of the Mediterranean is known from the late
Pliocene of Çalta, Turkey (Rage and Sen, 1976). This material
has been attributed to the Miocene taxon V. marathonensis and
pertains to a fairly large animal (about 2.5 m) (Rage and Sen,
1976). The available material from Çalta consists solely of verte-
brae and as such cannot be directly compared with the Tourko-
bounia 5 varanid. The much smaller size of the Greek specimens
may differentiate it from the older Çalta form, but the large
foramina present in the former material could suggest a juvenile
condition (see below), rendering the basis for such a taxonomic
distinction equivocal.

There are two purported occurrences of varanids from the
Pleistocene of Europe. The first supposed varanid is from
the Late Pleistocene of Arene Candide, Italy (Morelli, 1891). The
only known specimen is now considered lost (Delfino, 2002), and
its identification as a varanid has been questioned multiple times
(Estes, 1983; Holman, 1998; Delfino, 2002). Delfino (2002) noted
that this fossil could belong to a large-sized Timon-like lacertid,
but owing to some differences between the figured specimen and
the standard lacertid lower jaw morphology, he preferred to con-
sider it only as an undetermined lizard. We accept this view
herein. The second purported European Pleistocene varanid is
from the Middle Pleistocene of the Petralona cave, northern
Greece. This specimen was initially mentioned as Varanus aff.
marathonis (sic) by Sickenberg (1971), with Kretzoi and Poulia-
nos (1981) referring to this as ‘Varanus intermedius Bolkay.’
However, this material has never been formally described or fig-
ured, and no repository number has been given. Moreover, even
the measurements of the supposed two specimens (vertebra: 270
mm; phalanx: 340 mm) are apparently erroneous. Even in terms
of nomenclature, the Petralona specimen is problematic: Sicken-
berg (1971) constantly referred to it with an erroneous spelling
of V. marathonensis, whereas Kretzoi and Poulianos (1981)
apparently referred to what is actually Ophisaurus intermedius
Bolkay, 1913, a large anguid, now considered a junior synonym
of Pseudopus pannonicus (Fej�erv�ary-L�angh, 1923; Estes, 1983).
In any case, after personal investigation from one of us (GLG),
we were not able to locate this purported varanid material in the
collection where it is supposedly kept (Laboratory of Geology
and Paleontology, Aristotle University of Thessaloniki, Greece),
and this occurrence is therefore herein considered as anecdotal.

Given that the two previously reported specimens can be dis-
regarded, the Tourkobounia 5 specimens described herein repre-
sent the sole substantiated occurrence of varanids from the
Pleistocene of Europe, indicating that this clade survived much
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longer in this region than previously thought. The documented
restricted distribution of varanids during the European Pliocene
clearly reveals that the clade was already in decline, and the
absence of younger specimens had been used to infer a possible
extinction by the end of that epoch (Bailon and Blain, 2007;
Rage, 2013). Judging from their fossil record, it seems that Plio-
cene varanids were not restricted to the southern margins of
Europe but were also present in the central portions of the conti-
nent (Hungary). The persistence of varanids in the Pliocene of
both south and central Europe is thus consistent with that of
other thermophilic taxa that occurred at that time in both
regions, such as scolecophidians, erycine booids, and elapids
(Rage, 2013). The new Greek Varanus shows that monitor liz-
ards inhabited Europe at least until the middle Pleistocene. It
thus seems that Pleistocene European varanids showed a south-
ward contraction of their range, as is the case of other thermo-
philic taxa, such as agamids, the large anguid Pseudopus,
amphisbaenians, scolecophidians, erycines, and ‘Oriental vipers’
(Szyndlar, 1991a; Delfino, 1997; Delfino et al., 2008; Georgalis
et al., 2016). With the available data in hand, it is difficult to con-
clude with certainty whether climatic change was the only driv-
ing force behind the disappearance of varanids from Europe.
Additional factors, such as interactions with other taxa (e.g., pre-
dation and competition), may have played a role in their final
demise. It is worth noting that, although represented by very few
remains possibly belonging to a single individual (the size of the
maxilla and the dentary is comparable), the monitor lizard from
Tourkobounia seems to be significantly smaller than V. amnho-
philis, which was reported to reach more than 600 mm in snout-
vent length, and V. marathonensis, both also known from cranial
material (Fej�erv�ary, 1918; Rage and Sen, 1976; Pianka et al.,
2004; Conrad et al., 2012). Judging from the presence of a clearly
developed medial lamina in the maxilla of the Tourkobounia 5
form, also observed in V. marathonensis (Weithofer, 1888), it
seems plausible that they both belong to the same lineage. This
considerable size reduction between the Miocene and the Pleis-
tocene forms could be tentatively regarded as a survival adapta-
tion of the last European monitor lizards, in an effort to face the
lower temperatures of the Pleistocene, in comparison with those
of their Neogene predecessors. Such size reduction after extinc-
tion events (known as the ‘Lilliput effect’; Urbanek, 1993) has
been observed in distantly related tetrapod clades (Smith, 1995;
Tverdokhlebov et al., 2002). On the other hand, other European
reptile clades are known to have reached considerably larger
sizes during the Plio–Pleistocene, such as the anguid Pseudopus
pannonicus (Klembara, 2012) and giant tortoises (Georgalis and
Kear, 2013). Furthermore, the alternative possibility that the
specimens described herein belong to a juvenile cannot be
excluded. According to Evans (2008), a change in size of the
nerve foramina is one of the major ontogenetic changes occur-
ring in the lizard skull, with juveniles having larger foramina that
separate into smaller ones during growth. The large foramina on
the lateral surfaces of both the maxilla UU TB5 1001 and the
dentary UU TB5 1002 could be interpreted as a juvenile condi-
tion. Only the discovery of more Pleistocene varanids from
Europe will eventually resolve these questions.
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Worm lizards (Amphisbaenia) constitute a bizarre and specialized clade of mostly 

limbless, burrowing reptiles and whose exact affinities within other squamates have not yet 

been fully resolved, with different phylogenetic topologies arising on the basis of external 

morphology and/or skeletal anatomy (Estes et al., 1988; Kearney, 2003; Conrad, 2008; 

Gauthier et al., 2012), molecular data (Townsend et al., 2004; Vidal and Hedges, 2009; Pyron 

et al., 2013; Reeder et al., 2015), and fossil finds (Müller et al., 2011; Čerňanský et al., 2015a; 

Tałanda, 2016), with a sister group relationship with lacertids seeming probable (Townsend et 

al., 2004; Vidal and Hedges, 2005; Müller et al., 2011; Čerňanský et al., 2015a). Blanus is an 

amphisbaenian genus, long placed within Amphisbaenidae, until being recently reallocated in 

its own family, Blanidae, by Kearney (2003) who further suggested a basal position within 

Amphisbaenia as a whole. The genus currently comprises eight extant species, all limbless 

forms, with a rather disjunct circum-Mediterranean distribution (Sindaco and Jeremčenko, 

2008). Two species complexes are currently recognized, a western one, the Blanus cinereus 

complex, distributed in the Iberian Peninsula and northwestern Africa (Albert et al., 2007; 

Albert and Fernández, 2009), and an eastern one, the Blanus strauchi complex, distributed in 

southern Anatolia, some islands of the Aegean Sea, and parts of Iraq, Syria, Lebanon, and 

Israel (Sindaco et al., 2014). This disjuct distribution of extant Blanus is apparently the relic 

of a much wider distribution, as it is revealed from fossils attributed to blanids originating 

from different European localities dating as back as the early Eocene (Augé, 2005, 2012; 

Folie et al., 2013) and continuing until the Quaternary (Delfino, 1997, 2003). As far as it 

concerns the genus Blanus, its earliest occurrence is represented by the type material of 

Blanus thomaskelleri Čerňanský, Rage and Klembara, 2015b, from the early Miocene (MN 2, 

Aquitanian) of Amöneburg, Germany, whereas additional finds from Oschiri, Sardinia, Italy, 

referred by Venczel and Sanchiz (2006) to Blanus gracilis (Roček, 1984), could be even older 

as age estimations of the latter locality range between MN 1 and MN 5. Whereas fossils of 

Blanus are relatively common in central and western Europe (Bolet et al., 2014), they appear 

to be absent from the eastern Mediterranean region. Indeed, as it concerns the Iberian Blanus 

cinereus complex, its fossil remains are well known and are readily identifiable (Blain et al., 

2007), but this is not the case for B. strauchi complex, fossils of which were up to now totally 

unknown (Villa et al., 2017). Furthermore, blanids can only be identified in the fossil record 

on the basis of cranial remains, as amphisbaenian vertebrae, which are frequently found in the 

European Neogene, cannot be identified with certainty to the family level (Estes, 1983; but 

see Augé [2012] for vertebrae of certain Paleogene amphisbaenians). The only two up to now 

published records of fossil amphisbaenians from the eastern Mediterranean are based 

exclusively on vertebrae remains and originate from the Miocene of Plakias, Greece 

(Georgalis et al., 2016b) and the Pliocene of Çalta, Turkey (Rage and Sen, 1976). As such, 

although on the basis of a biogeographic rationale these two records probably belong to 

blanids, no such assignment can be made with certainty, especially regarding the fact that the 

latter material was never figured or adequately described. Here we describe a cranial element 

from the middle Miocene locality of Gebeceler, Turkey, that corresponds to the first fossil 

find of a member of the Blanus strauchi complex and the sole confirmed fossil occurrence of 

the genus Blanus in the eastern Mediterranean region. 

Institutional Abbreviations— EUNMH PV, Natural History Museum of Ege 

University in Izmir, Turkey; MNCN,  Museo Nacional de Ciencias Naturales, Madrid, Spain; 

NHMC, Natural History Museum of Crete, Herakleion, Greece; NHMW, Naturhistorisches 

Museum Wien, Vienna, Austria. 

 

MATERIALS AND METHODS 
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The amphisbaenian dentary described herein originates from the middle Miocene 

locality of Gebeceler, Turkey. The material is permanently housed at the collections of the 

EUNMH PV and is accessioned under the number 17151. Comparative skeletal material of 

extant blanid specimens include specimens housed in the collections of MNCN, NHMC, and 

NHMW, as also published figures in Schleich (1985), Folie et al. (2013), and Bolet et al. 

(2014). 

 

 
Figure 1. Map of Turkey and nearby regions, indicating the range of the extant Blanus 

strauchi complex (circles) and the fossil locality of Gebeceler (star). The distribution of extant 

taxa follows Tok et al. (2012) and Sindaco et al. (2014). 

 

LOCALITY 

 

Gebeceler Formation characterizes a middle Miocene continental deposition situated 

at the Afyon region (western Turkey) (Fig. 1). The Formation is composed of alluvial deposits 

at its base that grade upwards into volcanosedimentary lacustrine sediments. It comprises syn-

sedimentary volcanoclastic units of alkaline volcanism and ends to a silicified limestone 

facies with a 40 meter thickness. At the basement of the lacustrine unit, the Gebeceler fossil 

locality is exposed, characterized by fine clastics that represent lacustrine shore-zone 

sedimentation. The greenish, massive sandstone-claystone level has yielded a local 

mammalian fauna, consisting of the rhinocerotid Hispanotherium grimmi, the equid 

Anchitherium sp., and the ruminants Triceromeryx sp. and Micromeryx flourensianus (Saraç, 

2003). Recently, the fauna was revised by Mayda et al. (2013) with the rhinocerotid and 

ruminant remains being subsequently attributed to Caementodon cf. caucasicum, a new 

species of Giraffokeryx, and Hispanomeryx sp. respectively, and a new spalacid record, 

Sinapospalax cf. berdikensis, was added. The latter micromammal from Gebeceler provides 

further support for assigning the age of the locality to the late MN 6 or most probably to the 

base of MN 7/8 zones. This is also in agreement with the age of the Susuz-Yaylacılar locality 

(MN 7/8) (Sickenberg et al., 1975), which is located at the upper levels of the Gebeceler 

Formation. 

 

SYSTEMATIC PALAEONTOLOGY 

 

REPTILIA Laurenti, 1768 

SQUAMATA Oppel, 1811 

AMPHISBAENIA Gray, 1844 



4 
 

BLANIDAE Kearney, 2003 

BLANUS Wagler, 1830 

BLANUS STRAUCHI (Bedriaga, 1884) 

Blanus cf. strauchi 

(Fig. 2) 

 

Material— EUNMH PV-17151, one right dentary (Fig. 2). 

Description— EUNMH PV-17151 represents a right dentary. The specimen is 

relatively small, with a maximum length of 3.6 mm. Its anteriormost portion, including the 

edge of the symphysis is not preserved. The dentary bears six complete teeth, one other 

incomplete tooth, but it seems that there is also one other tooth position in the anterior part of 

the specimen. As such, the total number of teeth should equal to eight. Dentition is 

subpleurodont and highly heterodont, with all teeth differing between each other in terms of 

shape, height and base diameter. The second preserved tooth (occupying the third tooth 

position in life), which is not complete, seems to have been large, judging from the diameter 

of its base. All teeth are monocuspid, conical, robust, slightly recurved, though not all of them 

at the same degree, and bear no striations. The apices of the teeth are orientated dorsally. The 

fifth preserved tooth (the sixth in life) is the largest and most robust. The posteriormost tooth 

is the smallest one. Resorption pits are present and are circular in shape. The dentary 

heightens posteriorly. The coronoid process is not preserved and therefore, its extent cannot 

be assessed but on the basis of the curvature of the coronoid facet, which is also incomplete, it 

does not seem to have been high. In lingual view, the Meckel’s groove is fully open, 

relatively narrow in the anterior part of the dentary but wide at the posterior part (after the 

fifth preserved tooth), and forms a narrow groove that runs parallel to the ventral border of the 

bone. The interdental distance is relatively large (as is common for Blanus strauchi and the 

extinct Blanus gracilis), with the exception of the first two preserved teeth which are rather 

closely spaced. Above the Meckel’s groove, there is a rather prominent and thickened 

subdental shelf (sensu Rage and Augé, 2010), that only narrows at the level of the 

posteriormost tooth and its ventral margin is relatively curved, especially at the level of the 

fifth preserved tooth. There is an acute angle formed between the ventral margins of the 

dentary and the posterior portion of the symphysis. The ventral margin of the dentary is 

relatively concave. The intramandibular septum is preserved. In labial view, there are two  
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Figure 2. Dentaries of extinct and extant Blanus spp. A, B, C, right dentary (EUNMH PV-

17151) of Blanus cf. strauchi from the middle Miocene of Gebeceler, Turkey, in labial (A), 

lingual (B), and dorsal (C) views; D, right dentary (NHMC 80.3.111.24) of an extant, freshly 

dissected, B. strauchi from Nisyros Island, Greece, in lingual view; E, right dentary (NHMW 

18352:7) of an extant B. strauchi from Dodurga, Turkey, in labial view; F, left dentary 

(MNCN 16533) of an extant B. cinereus from San Agustín de Guadalix, Madrid, Spain, in 

lingual view. Scale bar represents 1 mm. 

 

rather enlarged labial foramina, one at the level of the interdental gap between the second and 

third preserved teeth, the other at the level of the interdental gap between the fifth and the 

sixth ones. An additional, poorly preserved labial foramen seems also to be probably present 

just anterior to the level of the first preserved tooth. In dorsal view, the dentary is slightly 

convex labially. The sulcus dentalis is not much expanded medially. 

 

DISCUSSION 

 

The Gebeceler dentary can be safely attributed to Blanus on the basis of the shape of 

the teeth (conical, robustly built and slightly recurved, with their apices orientated dorsally) 

and the low number of teeth (probably eight), of which the third one is enlarged, all features 

characteristic of the genus (Gans and Montero, 2008; Bolet et al., 2014; Čerňanský et al., 

2015b). 

Eight fossil taxa have been attributed to Blanidae, all from the European continent. 

The early Eocene taxon Blanosaurus primeocaenus Folie, Smith and Smith, 2013, from 

Belgium and France, and the middle Eocene Cuvieribaena carlgansi Čerňanský, Augé and 

Rage, 2015a, and Louisamphisbaena ferox Augé, 2012, both from France, have been 

suggested to represent the earliest named blanids (Augé, 2012; Folie et al., 2013; Čerňanský 

et al., 2015a), extending the fossil record of the clade well back into the Paleogene. 

Furthermore, the Paleogene record of the group appears not to be confined to these two taxa, 

as it can be judged by several other finds across the Eocene of France (Augé, 2012) and Spain 

(Bolet and Evans 2013), and the Oligocene of France (Rage and Augé 2015) and Germany 

(Schleich, 1988; Čerňanský et al. 2016). Whether these Paleogene forms belong indeed to 
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blanids, however, remains to be tested only on the basis of more complete material and an 

extensive phylogenetic analysis that will include multiple fossil amphisbaenians. During the 

Neogene, blanids appear to have been diverse, especially across the Miocene. Named forms 

include: Blanus antiquus Schleich, 1985, from the middle Miocene of Austria, France, and 

Germany (Schleich, 1985; Böhme, 1999; Miklas-Tempfer, 2003), Blanus gracilis (Roček, 

1984) from the early Miocene of The Czech Republic and Italy (Roček, 1984; Venczel and 

Sanchiz, 2006), Blanus mendezi Bolet, Delfino, Fortuny, Almécija, Robles, and Alba, 2014, 

from the middle Miocene of Spain (Bolet et al., 2014), Blanus thomaskelleri Čerňanský, Rage 

and Klembara, 2015b, from the early Miocene of Germany and The Czech Republic 

(Čerňanský et al., 2015b), and Palaeoblanus tobieni Schleich, 1988, from the early Miocene 

of Germany (Schleich, 1988). The new Gebeceler blanid described herein appears to be quite 

distinct from the Paleogene taxa in terms of general shape, robustness of teeth, and curvature 

of the ventral margin of the dentary, and besides, lacks the amblyodont dentition and the 

increasing size of teeth towards the symphysis, features that are characteristic of C. carlgansi. 

Among the Miocene taxa, resemblance is more notable. However, the new Anatolian form 

can be readily differentiated from Palaeoblanus tobieni, as in the latter taxon the first tooth is 

the most enlarged and bears dorsoventral slopes on its tooth crowns (Schleich, 1988; 

Čerňanský et al., 2015b). In comparison with Blanus antiquus and Blanus mendezi, it can be 

distinguished mostly by the shape of teeth, the thickness of the subdental shelf, size of 

interdental gaps, and different degree of heterodonty. In terms of size, the Gebeceler form 

approaches mostly Blanus gracilis, which is characterized by a rather small dentary size 

(Roček, 1984). This fact is further interesting, taking into consideration that the latter species 

was considered as the probable sister group of Blanus strauchi by Bolet et al. (2014). The 

geographically most proximal fossil blanid to our new find is the material described as Blanus 

cf. gracilis from the middle Miocene of Romania (Venczel and Ştiucă, 2008). This is also 

distinct from EUNMH PV-17151 in terms of thickness of the subdental shelf, curvature of the 

ventral margin of the dentary, and shape of teeth, although these characters may be related to 

intraspecific variability. Referral of blanid material from the early Pleistocene Apulia, 

southern Italy, to Blanus cf. strauchi by Holman (1998) was soon after shown to be erroneous 

by Delfino and Bailon (2000) who described in detail and figured that material. As far as it 

concerns the extant taxa, EUNMPH PV-17151 can only be provisionally differentiated from 

Blanus strauchi by its higher robustness of its teeth, thicker subdental shelf, and a more 

recurved ventral margin of the dentary, and from Blanus cinereus by different shape and 

curvature of teeth, a larger interdental gap, and a more opened Meckel’s groove at the 

posterior part of the dentary (Fig. 2). Nevertheless, these differences should be taken with 

caution, as there is large variability observed within extant blanids, and moreover, dentaries 

appear to have less diagnostic characters in comparison with maxillae (Bolet et al., 2014). 

Indeed, features such as the shape, curvature, robustness, and number of dentary teeth appear 

to be highly variable in extant Blanus spp., with different tooth counts observed, ranging 

between seven and even nine (Bailon, 1991; Čerňanský and Venczel, 2011; Bolet et al., 

2014). Besides, a splenial is not present in the new Anatolian fossil, however, this element has 

been occasionally observed in certain specimens of Blanus cinereus (e.g. Blain et al., 2007) 

and as such, this feature is subjected to individual variation and has no taxonomic utility. 

Furthermore, the splenial is usually an easily disarticulated bone, and as such, its absence 

from a specimen should not account for a genuine absence from that individual in life. The 

coronoid process, a feature that has often been used to diagnose extinct taxa (e.g. Roček 1984; 

Čerňanský et al., 2015b), is not preserved in the Anatolian specimen. 

The new fossil find described herein originates from a locality that is only situated few 

kilometers outside the known geographic range of the extant Blanus strauchi complex in 

Anatolia (Fig. 1). It is worth noting that a significant amount of cryptic variation has been 
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observed in this complex (as is also the situation in the Blanus cinereus complex) and as such 

it has recently been split by Sindaco et al. (2014) into distinct species: the nominal species 

Blanus strauchi (Bedriaga, 1884) (with two subspecies, Blanus strauchi strauchi and Blanus 

strauchi bedriagae [Boulenger, 1884]), distributed in western and southwestern Anatolia and 

certain islands of the eastern Aegean Sea (Samos, Fournoi, Leros, Kos, Symi, Pserimos, 

Telendos, Nisyros, Rhodes, and Kastellorizon), Blanus aporus Werner, 1898, distributed in 

southcentral and southeastern Anatolia, and Blanus alexandri Sindaco, Kornilios, Sacchi, and 

Lymberakis, 2014, from southeastern Anatolia and parts of Syria, Iraq, and maybe Israel 

(Sindaco et al., 2014). Nevertheless, these taxa were defined solely on the basis of molecular 

data and/or external morphology, and their skeletal differentiation (if any exists) is not 

known. Regarding the great extent of variability observed in both extant and extinct blanids 

that was discussed above, we are here reluctant in naming EUNMPH PV-17151 as a new 

taxon, and considering its overall resemblance with the extant members of the Blanus strauchi 

complex, and using also a biogeographic rationale, we refer this specimen to Blanus cf. 

strauchi. Of course, we denote here that the assignment of this Miocene specimen as Blanus 

cf. strauchi does not necessarily indicate that the fossil form has closer affinities with Blanus 

strauchi sensu stricto than with its cryptic Anatolian congeners B. aporus and B. alexandri. 

Rather than that, we use this taxonomic allocation as a convenience for denoting assignment 

of the fossil material to the Blanus strauchi complex. 

The new Blanus from Gebeceler confirms the presence of the B. strauchi complex in 

Anatolia as back as at least the middle Miocene (MN 6 or MN 7/8), and further represents the 

sole verified occurrence of the genus in the eastern Mediterranean. Additionally, the new find 

represents the only Miocene squamate currently described from Turkey, with the only 

exception of recently reported anguid finds (Čerňanský et al., 2017). Frustratingly, the 

scarceness of fossil squamate material from Anatolia and the southern Balkans hinders our 

understanding of the palaeobiogeography of Blanidae. The wide distribution of Blanus spp. in 

central Europe during the early and middle Miocene is contradicted by the modern disjunct 

geographic range of the genus; however, the recent find of B. mendezi in the middle Miocene 

of Spain (Bolet et al., 2014), along with the new middle Miocene Turkish Blanus described 

herein, both confirm a much wider distribution and reveal that the present range of the genus 

was already inhabited by at least as back as that time. In any case, a post-Miocene southward 

constriction of the blanid geographic range, as has been variously suggested (e.g. Delfino, 

2003), is also supported here, and is reminiscent of the case of certain other European reptile 

clades, such as agamids, large-sized anguids, scolecophidians, booids, “Oriental vipers”, 

geoemydids, giant testudinids, and pan-trionychids (Szyndlar, 1991; Bailon and Blain, 2007; 

Chesi et al., 2007; Delfino et al., 2008; Georgalis and Kear, 2013; Rage, 2013; Georgalis et 

al., 2016a, 2017; Georgalis and Joyce, 2017). More fossil squamates from Anatolia are 

definitely needed in order to clarify palaeobiogeographic assumptions, as this region has 

repeatedly acted as a “refugium” for multiple reptile groups, a fact also suggested by its 

current herpetofaunal synthesys and molecular data (Kornilios et al., 2011). 
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Abstract
We here describe lizards and snakes from the late Miocene (MN 10) of Ravin de la Pluie, near Thessaloniki, Greece, a

locality widely known for its hominoid primate Ouranopithecus macedoniensis. The new finds comprise two large-sized

lizards (a probable anguine and a varanid) and two snakes (an elapid and a small-sized ‘‘colubrine’’). Even if the material is

represented by few specimens, this is the first record of squamates from the late Miocene MN 10 biozone of southeastern

Europe and the third only for the whole continent. The importance of the varanid vertebrae for systematic attributions is

discussed. The new varanid limb elements described herein rank among the few such specimens in the fossil record of

monitor lizards. Judging from the new and previously published varanid appendicular material, we suggest that Neogene

monitor lizards from Europe possessed comparatively short and robustly built limbs. Distinctive scars on one of the limb

elements are interpreted as bite marks of a predator or scavenger, offering insights on the palaeoecology of the her-

petofauna of the locality.
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1 Introduction

The late Miocene fossiliferous localities of the Axios River

valley, near Thessaloniki, Greece, span from the early

Vallesian (MN 9) to the late Turolian (MN 13), and have

yielded a significant amount of fossil mammals since their

initial discovery at the beginning of the twentieth century

(Arambourg and Piveteau 1929; Koufos 2006 and refer-

ences therein). The abundance of fossil material and the

geographic position of the Axios valley along the route

between Anatolia and the Balkan Peninsula, renders this

region crucial to our understanding of late Miocene ver-

tebrate dispersals. Frustratingly, the main focus of
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palaeontological research has centered on mammals, which

are by far the most abundant. Lizards and snakes, on the

other hand, had never been described from the Axios

Valley so far.

We here describe the first squamates, (i.e., lizards and

snakes), from the late Miocene (MN 10) locality of Ravin

de la Pluie, which is located in the Axios Valley and is

primarily known for its hominoid primate Ouranopithecus

macedoniensis (Koufos 2006). The specimens described

herein are the first reptiles known from Ravin de la Pluie,

with the exception of few testudinid turtles (Arambourg

and Piveteau 1929; Garcia et al. 2011; Georgalis and Kear

2013). These new lizards and snakes are the only ones

recorded from the late Vallesian MN 10 zone of south-

eastern Europe, and as such, provide significant biogeo-

graphical data. Among the material, there are appendicular

remains that pertain to varanid lizards, and these elements

are compared with all the few other limb fossils that have

been attributed to this clade from the Neogene of Europe.

The importance of the varanid vertebrae for taxonomic

purposes is also addressed.

2 Materials and methods

All specimens described herein are permanently curated at

the collections of LGPUT and accessioned under the ‘‘RPl’’

acronym. Part of this material was simply mentioned, but

not described or figured, in a preliminary faunal list of de

Bonis et al. (1992), where they reported the presence of

‘‘Boidae indet.’’ and ‘‘Palaeonaja sp.’’. Our investigation

of the material, however, concluded that no booid is pre-

sent in this collection, and most probably this was a

misidentification of the colubrid described below or some

other specimen, which remained still unprepared at that

time. The presence of an elapid snake in Ravin de la Pluie

is here confirmed, though this taxon is described as Naja

sp., considering that the usage of the genus name

Palaeonaja is now considered obsolete (see below).

Comparative material includes numerous skeletons of

extant squamates housed in HNHM, MDHC, MNCN,

MNHN, NHMW, and ZZSiD.

3 Geological setting and palaeoecology

The locality Ravin de la Pluie, (hereafter RPl) is situated

near the village of Nea Messimvria in Axios Valley, about

25 km west of Thessaloniki city. It is located into the Nea

Messimvria Formation and more exactly in the upper parts

of the Formation, which is rather thick and consists mainly

of sands, gravels, loose or hard conglomerates and red clay.

Ravin de la Pluie is a well-known locality because of its

rich mammal fauna and mainly the presence of the homi-

noid Ouranopithecus macedoniensis. Apart from O.

macedoniensis, the RPl mammal fauna includes the eri-

naceid Palerinaceus sp., the sciurid Spermophilinus sp., the

murid Progonomys cathalai, the hyaenids Adcrocuta exi-

mia leptorhyncha, Hyaenictis sp., Protictitherium thessa-

lonikensis, and Protictitherium aff. intermedium, the

mustelid Eomellivora wimani, the felid Metailurus parvu-

lus, the gomphotheriid Choerolophodon pentelici, the dei-

notheriid Deinotherium giganteum, the equids Hipparion

macedonicum and Hipparion cf. sebastopolitanum, an

indeterminate rhinocerotid, the giraffids Palaeogiraffa

major, Palaeotragus cf. coelophrys, Palaeotragus cf.

rouenii, and Bohlinia cf. attica, and the bovids Mesem-

briacerus melentisi, Palaeoryx sp., Prostrepsiceros valle-

siensis, and Samotragus praecursor (Koufos

2006, 2012a, b). The study of the fauna suggests a late

Vallesian, MN 10 age, with more exactly magnetostrati-

graphic correlations providing an estimated age

of * 9.3 Ma (Koufos 2013).

Several studies, using various methods, have been car-

ried out for the determination of the Vallesian palaeoen-

vironment of Axios Valley; the conditions were warm and

dry, and the landscape was an open savannah-like with low

vegetation (small trees, bushes, shrubs) and a thick

herbaceous layer (e.g., de Bonis et al. 1992, 1999; Koufos

2006; Merceron et al. 2007; Rey et al. 2013). This is

consistent with the palaeoecology of the herpetofauna of

RPl. Varanids, large anguids, and elapids occupy a wide

range of palaeoenvironments, ranging from savannah

grasslands, deserts and forests (e.g., Pianka et al. 2004;

Čerňanský et al. 2017a). However, the combination of the

reptilian fauna of Ravin de la Pluie and the generally large

size of its taxa, along with the associated mammalian

fauna, lead us to consider a savannah grassland as the most

plausible ecological setting of the locality.

4 Systematic palaeontology

Squamata OPPEL, 1811

Anguimorpha FÜRBRINGER, 1900

Anguidae GRAY, 1825

Anguinae GRAY, 1825

?Anguinae indet.

Material. – One caudal vertebra (RPl 299) (Fig. 1).

Description. – RPl 299 is a well preserved caudal ver-

tebra. The vertebra is procoelous and relatively large-sized,

with a centrum length of 11 mm. Both cotyle and condyle

are dorsoventrally depressed, with the former being larger

than the latter. In lateral view, the cotyle is orientated

relatively anteroventrally. Two robust haemapophyses are
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present and fused to the ventral surface of the centrum.

Their posterior borders are relatively close to the condyle

but are clearly separated from it. Only their bases are

preserved. They are compressed mediolaterally but are not

laminar. The neural canal is subtriangular in anterior view.

The neural arch has its anterior end dorsally flattened but it

becomes gradually more arched in its posterior portion.

Striae are present on the neural arch. The neural spine is

rather high in lateral view, confined only to the posterior

portion of the neural arch, and becomes gradually thinner

at its dorsal tip. The transverse processes are large and

flattened, although both their edges are damaged. There is

no visible autotomic fracture plane. Prezygapophyseal

articular facets are broadened, flattened and tilted dorsally

at 50� in anterior view. Their main axis is directed

anteriorly.

Remarks. – By certain aspects, caudal vertebrae of large

anguids resemble strongly those of varanids (e.g., Estes

1983). Among the distinctive features of the two clades, the

haemapophyses (= chevrons) of varanids are articulated on

two pedicles, whereas those of anguids are fused to the

centrum. More specifically, in Varanus, each pedicle ends

as an articular facet that faces posteroventrally, but in RPl

299, the remains that are close to the condyle cannot be

considered to be such pedicles. They have no posteroven-

trally oriented facets, though their ends are apparently

broken. As such, they are considered to be bases of broken

fused-haemapophyses. Concerning the morphology of the

neural spine, most, but not all, caudal vertebrae of anguines

have tubular and posteriorly inclined neural spines. How-

ever, the two or three anteriormost caudal vertebrae of

anguines (as also the sacral ones) have laterally com-

pressed and vertical (or almost vertical) neural spines

similar to those of varanids (personal observation by JCR

and GLG on specimens of Pseudopus apodus and Ophi-

saurus harti in MNHN; see also a caudal vertebra of

Pseudopus pannonicus illustrated in Fejérváry-Lángh

(1923: plate III, Fig. 3), where the neural spine is not

tubular but compressed laterally and almost vertical). On

the other hand, we admit that the morphology and thick-

ness of the haemapophyses, the orientation and thickness of

the transverse processes, and the almost vertical angle of the

neural spine of RPl 299, are features that are observable in the

posterior caudal vertebrae of large-sized varanids. Addition-

ally, a potential varanid attribution of RPl 299 would be

further supported by the absolute size of the vertebra, along

with what could be an indication of precondylar constriction

(seen in ventral view), though the latter is most probably due

to erosion and not a real feature of the specimen. Accord-

ingly, the caudal vertebra RPl 299 is tentatively assigned to

Anguidae, although we acknowledge the fact that it may in

fact pertain to Varanidae, which also occur in this locality

(see below). If RPl 299 belongs indeed to an anguid, then it

should be assigned to Anguinae on the basis of the well

forwarded haemapophyses fused to the centrum (Miklas-

Tempfer 2003), taking also into consideration the total

absence of the sole other known European anguid clade,

Glyptosaurinae, after the late Eocene in the continent (Augé

2005; Rage 2013). Attribution of anguine caudal vertebrae to

the species or genus level is not possible (e.g., Čerňanský

et al. 2017a, b; Georgalis et al. 2017a). Nevertheless, and if

the anguid identity of the specimen is correct, we here suggest

possible affinities with Pseudopus pannonicus (Kormos,

1911), a widespread Mio-Pliocene taxon, characterized

among others by its large size (Klembara and Rummel 2018).

Such taxonomic allocation, however, is only based on the

rather large size of RPl 299, taking also into consideration a

geographic and stratigraphic rationale, and thus should only

be considered as tentative.

Platynota DUMÉRIL AND BIBRON, 1839

Varanidae GRAY, 1827 (sensu ESTES ET AL., 1988)

Varanus MERREM, 1820

Varanus sp.

Material. – Two presacral vertebrae (RPl 297–298)

(Fig. 2); a humerus (RPl 295) (Fig. 3a, b, d); a tibia (RPl

296) (Fig. 3e, f).

Description.

Presacral vertebrae. – RPl 297 is a robust trunk verte-

bra, with a centrum length of 13 mm, missing the right

prezygapophysis, right synapophysis, and part of the neural

Fig. 1 ?Anguinae indet. from the late Miocene (MN 10) of Ravin de la Pluie. Caudal vertebra (RPl 299). A anterior view, D dorsal view, LL left

lateral view, P posterior view, RL right lateral view, V ventral view
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spine. RPl 298 is also a presacral vertebra, with a centrum

length of 12 mm, much less robust than the former speci-

men, but it is much better preserved, missing only the top

portion of the neural spine, part of the left prezygapoph-

ysis, left synapophysis, and most of the left postzy-

gapophysis. For the sake of convenience, as centrum length

we here regard only the measurement between the tip of the

condyle and the ventral margin of the cotyle (minimum

centrum length of Bailon and Rage 1994). Both vertebrae

are procoelous, and in ventral view, the centrum is trian-

gular in shape. In lateral view the centrum is slightly

convex ventrally, just prior to the level of the condyle in

RPl 297, but it is relatively straight ventrally in RPl 298.

The ventral surface of the centrum in both vertebrae is

generally smooth, but two rather small ventral foramina are

present in RPl 297. A precondylar constriction is clearly

present in both vertebrae. Both cotyle and condyle are

dorsoventrally depressed, with the former being larger than

the latter. The cotyle faces anteroventrally so that, in

ventral view, the inner surface of the cotyle is largely

visible. The condyle is strongly inclined posterodorsally in

lateral view, and it is oval-shaped in posterior view, with a

horizontal main axis. The ventral edge of the condyle is

close to the posterior edge of the centrum so that only a

Fig. 2 Varanus sp. from the late Miocene (MN 10) of Ravin de la Pluie. a Presacral vertebra (RPl 297); b Presacral vertebra (RPl 298). A anterior

view, D dorsal view, LL left lateral view, P posterior view, RL right lateral view, V ventral view

Fig. 3 Varanus sp. from the late Miocene (MN 10) of Ravin de la

Pluie and extant Varanus griseus. a, b Left humerus (RPl 295) of

Varanus sp. from RPl; c left humerus of an extant adult, small sized

(total length about 60 cm), Varanus griseus from northern Africa

(MNHN uncatalogued); d magnification of the proximal part of the

humerus (RPl 295) of Varanus sp. from RPl, with dotted circles

indicating the two most prominent bite marks; e, f right tibia (RPl

296) of Varanus sp. from RPl. Orientation of the bones follows

Russell and Bauer (2008). Note the difference in the stoutness among

the humeri of the extant and the Miocene Varanus and the difference

in torsion between RPLl 295 and the humerus of V. griseus. The distal

extremities show the same face, but the proximal ends are oriented

differently. A anterior view, AV anteroventral view, D dorsal view,

P posterior view, V ventral view
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little portion of the condyle is visible in ventral view. The

prezygapophyseal facets are clearly dorsally tilted and they

extend anteriorly well beyond the level of the cotyle.

Judging from RPl 298, where they are much better pre-

served, the prezygapophyseal facets are large and oval-

shaped. The anterior edge of the neural arch is low and the

arch gradually increases in height posteriorly. A distinct,

though not fully preserved, pars tectiformis is present in the

anterior part of the neural arch. There seems to be a groove

between the pars tectiformis and the margins of the

prezygapophyses. The posterior edge of the neural arch is

relatively well preserved in both vertebrae, with pos-

terodorsal edges inclined quite steeply in posterior view,

especially observable in RPl 297. No ‘‘pseudozygosphene’’

or ‘‘pseudozygantrum’’ is present in anterior and posterior

views in any of the two vertebrae. The postzygapophyses

are well preserved in RPl 297 (only the right one is com-

plete in RPl 298) and they are enlarged and tilted dorsally

at about 45�. The texture of the lateral and dorsal surfaces

of the vertebrae shows distinct fibrous striae. The neural

spine is broken and its height cannot be determined,

although it is better preserved in RPl 298. It seems though

that its base was developed along most of the posterior

length of the neural arch. The neural canal is relatively

rounded or rectangular-shaped posteriorly, whereas ante-

riorly it is dorsally arched and ventrally flattened.

Synapophyses are not well preserved in both specimens.

Only the left synapophysis of RPl 297 is present, but highly

eroded (no diapophysis and parapophysis can be defined),

but its extent denotes that it must have been relatively

massive in life, whereas in RPl 298 the right synapophysis

is also eroded but there are remnants of diapophysis and

parapophysis.

Humerus. – RPl 295 is a left humerus whose extremities

are severely damaged. More specifically, the proximal end

lacks the humeral condyle and the lateral and medial

tuberosities, whereas the condyles of the distal extremity

are broken away. The bone is stoutly built. The proximal

extremity was likely slightly wider than the distal end. The

torsion of the bone appears to be moderate. The dorsal face

of the diaphysis is flattened. On the anteroventral face, the

proximal extremity forms a broad, shallow depression

(bicipital fossa of Russell and Bauer 2008) that is limited

laterally by the bases of the broken off deltopectoral and

humeral crests. The distal extremity comprises the bases of

the epicondyles, which limit the relatively small radioulnar

fossa (fossette sus-trochléenne of Lécuru 1969). The

entepicondyle is damaged, but its remaining base shows

that it was larger than the ectepicondyle. A short ectepi-

condylar ridge extends proximally to the ectepicondyle.

The presence of an ectepicondylar foramen is not certain.

A notch in the broken distal extremity of the ectepicondylar

ridge, visible in posterior aspect, may correspond to the

proximal part of this foramen, but this cannot be confirmed.

On the anteroventral face of the proximal extremity,

groove-shaped cuts are present and could probably indicate

bite marks from a predator or a scavenger.

Tibia. – RPl 296 represents a right tibia. It is stout and

slightly sigmoid in dorsal aspect. Both extremities are eroded

but are not markedly broken away. The proximal extremity

expands more widely than the distal one. The diaphysis is

somewhat compressed dorsoventrally so that it appears to be

narrower in anterior or posterior views than in dorsal or

ventral views. The proximal half of the diaphysis bears a

well-developed ventral crest, which projects anteriorly. There

is no other crest or process on this specimen.

Remarks. – The two presacral vertebrae RPl 297 and

298 can be attributed to Varanidae on the basis of: (1) the

presence of a well demarcated anterior part (pars tecti-

formis) on the neural arch, (2) the morphology of the

ventral surface of the centrum that is widened anteriorly

and convex ventrally in cross section, and (3) the shape of

the condyle that is strongly depressed, with its articular

surface facing mainly dorsally (Rage and Bailon 2005).

The two RPl vertebrae can be further assigned to Varanus

on the basis of the prominent precondylar constriction and

the presence of striae on the neural arch (Bailon and Rage

1994; Smith et al. 2008; Delfino et al. 2013). Such generic

attribution is also strongly consistent with a biogeographic

rationale, as Varanus is the sole recognized genus of var-

anids from the European Neogene and Quaternary (Geor-

galis et al. 2017b). It is worth noting that due to the

anteroventral orientation of the cotyle in the vertebrae of

Varanus [a feature also present in helodermatids (Augé

2005)], two different centrum lengths can be estimated, one

minimum (length between the tip of the condyle and the

ventral margin of the cotyle) and one maximum (between

the tip of the condyle and the dorsal margin of the cotyle)

(Bailon and Rage 1994; Delfino et al. 2013).

Appendicular elements of European fossil varanids have

been only rarely documented and figured in the literature,

with only few exceptions (e.g., de Fejérváry 1918; Sanz

1977; Venczel 2006). Their documentation is further hin-

dered by the conservative nature of the morphology of the

lizard limb elements, in addition to the scarcity of extant

squamate skeletons in herpetological collections (Bell and

Mead 2014). As such, the new limb elements from RPl add

to the appendicular fossil record of varanids, though they

are not significantly informative from a taxonomic point of

view. The similar size and stoutness of the humerus and

tibia suggest that they might belong to the same individual,

which is consistent with their relative length (taking into

account the poor condition of the extremities of both bones,

the humerus was likely slightly longer than the tibia). On

the other hand, the two bones are clearly more robust, less

slender than those of extant Varanus of similar sizes, and
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even somewhat larger, which could even cast doubt on

their referral to Varanus. However, the RPl fauna includes

only two large-sized lizards, a potential large anguine and

Varanus, with the former being limbless. In addition, var-

ious features are consistent with Varanus. On the humerus,

the diaphysis is flattened, the proximal extremity was

apparently slightly wider than the distal one, the bicipital

fossa is shallow and broad, the entepicondyle is clearly

larger than the ectepicondyle, and the ectepicondylar crest

is well developed (Lécuru 1969; Russell and Bauer 2008).

Moreover, the ventral crest of the tibia is strong. The dis-

tinctive scars on the humerus (Fig. 3c), one of which is

deeper than the others, most probably originate from bite

marks of a predator or a scavenger, and thus offer an

insight into the palaeoecology of the area. Their size and

shape is not consistent with bite marks from other varanids,

so they do not probably originate from some kind of

intraspecific fight. Instead, they more seem to correspond

to the teeth of the hyaenid Protictitherium, which also

occurs at the same locality. So far, the only similar record

concerned predation or scavenging of varanid lizards on

other taxa (e.g., Molnar 2004), but the opposite case with

other fossil taxa preying or scavenging upon monitor

lizards was up to now undocumented. As such, if our

suggestion is correct, then this is the first recorded case of

predation or scavenging upon fossil varanids.

Serpentes LINNAEUS, 1758

Alethinophidia NOPCSA, 1923

Colubridae OPPEL, 1811

‘‘Colubrinae’’ OPPEL, 1811 (sensu SZYNDLAR,

1991a)

‘‘Colubrinae’’ indet.

Material. – A series of incomplete vertebrae embedded in

matrix (RPl 302) (Fig. 4).

Description. – RPl 302 is a series of few, probably articu-

lated but rather eroded vertebrae. All vertebrae are rather small,

with the largest one attaining a centrum length of only 4 mm.

The first vertebrae of the series bear a white sediment colour,

whereas the rest bear a black one. Their centrum is slightly

longer than wide. On the ventral side of the vertebrae, a haemal

keel is present, it is broad and poorly defined laterally, but its

posterior limit is clearly marked and pointed. There is no sign of

a hypapophysis. All synapophyses are damaged. Only in the

first vertebra, a prezygapophysis is preserved, visible only in

ventral view. The condyle is rounded.

Remarks. – The centrum of the vertebrae in RPl 302 is

reminiscent of both booids and colubrids. However, the

small vertebral size and the marked posterior edge of the

haemal keel make colubrid affinities as more plausible.

Among colubrids, the presence or absence of a hypa-

pophysis in the mid- and posterior trunk vertebrae has been

considered as the most significant character in distin-

guishing ‘‘colubrine’’ from natricine snakes (Szyndlar

1991a, b, 2012). It is well recognized though that this

traditional practice is more like a convenience rather than

pragmatic taxonomy, as other European colubrids (sensu

lato), now erected to family level, like psammophiids, also

lack hypapophyses in their trunk vertebrae. Consequently,

we follow the approach of Szyndlar (1991a, b, 2012) in

using the term ‘‘Colubrinae’’ in quotation marks, denoting

the presence of a non-natricine colubrid. Nevertheless, the

RPl ‘‘colubrine’’ specimen is rather eroded and it is not

possible to deduct a more accurate taxonomic attribution.

Elapidae BOIÉ, 1827

Naja LAURENTI, 1768

Naja romani (HOFFSTETTER, 1939)

Naja cf. romani

Material. – Two precloacal vertebrae (RPl 300–301)

(Fig. 5a, b).

Description. – RPl 300 is a large and rather robust

precloacal (probably mid-trunk or posterior trunk) vertebra

with a centrum length of 10 mm, missing its neural spine,

Fig. 4 ‘‘Colubrinae’’ indet. from the late Miocene (MN 10) of Ravin de la Pluie. a Portion of the matrix with articulated vertebrae (RPl 302).

b Different portion of the same matrix with articulated vertebrae (RPl 302)

G. L. Georgalis et al.



right postzygapophysis, and parts of the neural arch,

synapophyses, and hypapophysis. RPl 301 is a smaller

precloacal vertebra, with a centrum length of 8 mm,

missing most of its neural spine and the right postzy-

gapophysis. The centrum is triangular in shape and rather

broad, especially in the case of RPl 300. The zygosphene is

slightly convex in anterior view, whereas in dorsal view, it

is slightly crenate in RPl 301 and concave in RPl 300. The

neural arch is vaulted and wide in posterior view in RPl

301, but is eroded in RPl 300. The height of the neural

spine cannot be evaluated in any of the specimens, as this

element is damaged in RPl 300 and only remnants of its

base are still present in RPl 301. Nevertheless, it seems that

the neural spine extended much of the surface of the neural

arch, at least in the case of RPl 301. In lateral view, the

interzygapophyseal ridges are prominent. Lateral foramina

are present in both vertebrae and are situated in deep

depressions. In lateral view, the subcentral ridges are rel-

atively straight over most portion of the vertebra, but

become arched dorsally at the level above the hypapoph-

ysis. In ventral view, the subcentral ridges are prominent

and the subcentral grooves are deep. The keel that prolongs

the hypapophysis anteriorly is rather thick in RPl 300 and

thin in RPl 301. The hypapohysis is complete in RPl 301

but only its base is preserved in RPl 300. In RPl 301, it is

laterally compressed and strongly inclined posteriorly, with

its posterior tip being obtuse and situated below the level of

the condyle. Prezygapophyses are robust and thick in RPl

300 but not so prominent in RPl 301. In both cases, how-

ever, they are produced laterally and only rather slightly

inclined dorsally. Prezygapophyseal articular facets are

rather wide and oval-shaped. Prezygapophyseal processes

are mostly eroded in both vertebrae and, as such, their

extent cannot be evaluated. Synapophyses are distinctly

divided into diapophyses and parapophyses. These are

relatively eroded in RPl 300, but judging from RPl 301

where they are much better preserved, diapophyses are

robust and hemisphaerical, parapophyses are wide and

relatively flat, whereas parapophyseal processes are direc-

ted anteroventrally. Cotyle is rounded, rather large, and

relatively deep, especially in the case of RPl 301. Para-

cotylar foramina are small, situated at the inner margins of

deep depressions next to the cotyle. Condyle is rather

robust and almost hemisphaerical.

Remarks. – The presence of hypapophyses in the mid-

trunk vertebrae is an important feature shared by relatively

closely related snake clades, such as natricines, elapids, and

viperids (Szyndlar 1991a, b), but also distant clades such as

acrochordids and bolyeriids. The latter two clades, though,

have never been recorded from Europe. RPl 300 and 301

have a relatively large size for natricine snakes. Apart from

size, the two vertebrae can be precluded from association

with natricines, on the basis on general shape and the shape

and inclination of hypapophysis and parapophyses (Szyn-

dlar 1991a, b). Furthermore, the sizes of the cotyle and the

condyle do not fit those of viperids, as in the latter clade,

the cotyle and condyle are larger (Szyndlar and Rage

1999, 2002; Georgalis et al. 2016a). Moreover, in viperids,

the neural arch, in posterior view, is more depressed, and in

large vipers (i.e., the ‘‘Oriental vipers complex’’) it is even

Fig. 5 Naja cf. romani from the late Miocene (MN 10) of Ravin de la

Pluie and Naja romani from the late Miocene (MN 11) of Kohfidisch,

Austria. a Precloacal vertebra (RPl 300) of Naja cf. romani from RPl;

b Precloacal vertebra (RPl 301) of Naja cf. romani from RPl;

c Precloacal vertebra (NHMW 2004z0038.0009) of Naja romani from

Kohfidisch (courtesy of NHMW). A anterior view, D dorsal view, LL

left lateral view, P posterior view, RL right lateral view, V ventral

view
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flattened (Szyndlar and Rage 1999, 2002; Georgalis et al.

2016a). In addition, the morphology of the ventral face of

the centrum and the laterally compressed hypapophysis are

characteristic of elapids, and they are clearly consistent

with the ‘‘Naja group’’ (Szyndlar and Zerova 1990;

Szyndlar 1991b). Unfortunately the prezygapophyseal

accessory processes, which could be informative for a more

precise taxonomic allocation of the specimens, are poorly

preserved in both RPl 300 and 301. The morphology of the

zygosphene (with three lobes in the smaller vertebra and

the median lobe disappearing in the larger one) is consis-

tent with that of Naja romani, a widespread species from

the Miocene of Europe (Fig. 5c). Accordingly, the new

Axios cobra is provisionally referred to this taxon. Dif-

ferences in the size and shape of RPl 300 and 301 are

attributed to ontogenetic or intracolumnar variation.

5 Discussion

5.1 Palaeobiogeography

The new fossil lizards and snakes from RPl described

herein fill an important gap into our knowledge of Eastern

Mediterranean Miocene squamate faunas, as this material

is the first recorded from the MN 10 zone from south-

eastern Europe and only the third such record from the

whole continent. Indeed, in terms of herpetofaunas, MN 10

is a poorly recorded zone, with only two other European

squamate-bearing localities pertaining to that age. These

two other localities are Vösendorf, Austria, which has

yielded a small-sized anguine, a lacertid, and a ‘‘colubrine’’

(the latter originally erroneously identified as an anilioid)

(Papp et al. 1953), and Soblay, France, which has yielded

an erycid snake (Demarcq et al. 1983). Even more frus-

tratingly, this latter record from France was simply men-

tioned but never described or figured, and it cannot now be

located. Within southeastern Europe, the new squamate

finds (varanids, anguids, ‘‘colubrines’’ and elapids) from

RPl rank chronologically intermediate between those from

Plakias (Crete Island) (MN 9) (amphisbaenians and

natricines; Georgalis et al. 2016b) and those from Pikermi

(varanids; Gaudry 1862, 1862–1867; Weithofer 1888) and

Mytilinii (Samos Island) (varanids; Conrad et al. 2012)

(both MN 12). Considering the different faunal composi-

tion between Plakias, Ravin de la Pluie, Pikermi, and

Samos, this does not necessarily indicate real absence of

certain clades from these localities, but most probably

reflects different ecological settings or preservational and

collection bias.

The common presence of varanids in Ravin de la Pluie,

Pikermi, and Samos, clearly indicates that monitor lizards

were geographically widespread in the Greek area at least

between the MN 10 to MN 12. Whether this geographic

distribution was also reflected by high taxonomic richness

of varanids, though, as it is currently indicated by different

species known from skull elements in Pikermi (Varanus

marathonensis Weithofer, 1888) and Samos (Varanus

amnhophilis Conrad et al., 2012), cannot be evaluated with

certainty, as there is no varanid cranial material from RPl,

and, moreover, the type material of V. marathonensis needs

to be reassessed under modern taxonomic and phylogenetic

concepts. The presence of several sympatric varanid taxa in

various modern herpetofaunas (Pianka et al. 2004) offers,

at least, ecological support for envisaging the scenario of

more than one late Miocene varanids inhabiting south-

eastern Europe. In any case, varanids have persisted in the

Greek area for a much longer period, until at least the

Middle Pleistocene, judging from recently described cra-

nial remains from Tourkobounia 5, near Athens, which also

represent the youngest occurrence of monitor lizards from

Europe (Georgalis et al. 2017b).

Anguids have so far been described from the Miocene of

Greece in the localities of Ano Metochi (MN 13) (Geor-

galis et al. 2017a) and Maramena (MN 13/14) (Richter

1995), both situated in the Serres Basin in northern Greece.

However, in both latter localities, anguids are represented

by relatively small-sized forms, probably allied with

Ophisaurus. As such, if the caudal vertebra from RPl

belongs indeed to anguids, then it denotes the presence of a

rather large-sized animal, probably allied with the largest

known anguine lizard, Pseudopus pannonicus. Late Mio-

cene occurrences of this widespread taxon or similar giant

forms are known from Austria (Bachmayer and Młynarski

1977), Hungary (Kormos 1911; Fejérváry-Lángh 1923;

Klembara 1981; Venczel 2006), Italy (Kotsakis 1989),

Ukraine (Fejérváry-Lángh 1923), and probably Slovakia

(Čerňanský 2011). Giant anguids with supposed affinities

with P. pannonicus continued to inhabit Europe during the

Pliocene (Fejérváry-Lángh 1923; Młynarski 1956, 1964;

Bachmayer and Młynarski 1977; Młynarski et al. 1984;

Delfino 2002; Blain and Bailon 2006; Čerňanský et al.

2017a), persisting even until the Pleistocene (Bolkay

1913). Whether all these Miocene, Pliocene, and Pleis-

tocene specimens belong indeed to a single species or they

are different taxa of a species complex of giant anguids,

remains to be tested through a comprehensive revision of

all this material. As such, if our identification is correct,

this new specimen demonstrates for the first time the

presence of ‘‘giant’’ anguids in Greece. It is worth noting

that the largest extant lizard from Europe, Pseudopus

apodus, shares strong affinities with its Miocene giant

relative, P. pannonicus, and is still a significant component

of the living herpetofauna of the RPl area.

Two fossil snakes have been identified in the collection

of squamates from Ravin de la Pluie. Of these, the
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‘‘colubrine’’ is not adequately preserved and its exact tax-

onomic affinities cannot be further elucidated. As such, it is

of no relevant significance for biogeographic considera-

tions, but nevertheless adds to the previously poor Miocene

record of Greek ‘‘colubrines’’, which to date comprises

only material from localities within the Serres Basin

(Szyndlar 1991a, 1995; Georgalis et al. 2017a). Among

extant non-natricine colubrids, both colubrines (sensu

stricto) and psammophiids [i.e., Malpolon insignitus (Ge-

offroy-Saint-Hilaire, 1827)] inhabit today the area of the

Axios valley. On the other hand, the new fossil cobra (i.e.,

Elapidae) from RPl represents the earliest occurrence of

elapids in Greece, which were otherwise exclusively

known from the late Miocene of Maramena (Szyndlar

1991b, 1995) and the late Pliocene of Tourkobounia 1, near

Athens (Szyndlar and Zerova 1990). Additional material

from the Middle Pleistocene of Chios Island that was

described by Schneider (1975) as a cobra, was subse-

quently suggested to belong to another snake lineage

(Szyndlar 1991b). We agree with this view herein, and

judging from the available figure of Schneider (1975), we

consider this to be most probably a natricine snake. Cobras

seem to be rather widespread in the European Neogene

(Szyndlar and Rage 1990). Traditionally considered to

represent an endemic, distinct genus (Palaeonaja) (Hoff-

stetter 1939; Rage and Sen 1976; Alberdi et al. 1981; Rage

1984), it was subsequently demonstrated that it in fact has

strong affinities with the Asiatic stock of the extant Naja

(Szyndlar and Rage 1990), a view that was subsequently

followed by most authors (e.g., Szyndlar and Zerova 1990;

Szyndlar and Schleich 1993; Szyndlar 1991b, 2005), with

the notable exception of Wallach et al. (2014) who

assigned all European fossil taxa to the African Afronaja,

without, however, providing justification for their new

taxonomic allocation. We herein follow the prevailing

view that the Neogene cobras from Europe are all assigned

to Naja. Apart from Greece, other known late Miocene

occurrences of Naja include Austria (Bachmayer and

Szyndlar 1985; Szyndlar and Zerova 1990), Hungary

(Szyndlar 2005), Spain (Alberdi et al. 1981; Szyndlar

1985), and Ukraine (Szyndlar and Zerova 1990). Most

likely, the Axios valley cobra could be conspecific with the

widespread European taxon Naja romani, as the two forms

share resemblance in terms of general shape and size

(Fig. 5). Due to the incomplete nature of both RPl verte-

brae, however, we treat this referral to the specific level as

tentative. In any case, the new RPl cobra adds to the known

stratigraphic and geographic distribution of these snakes

into the Neogene of Europe.

5.2 The taxonomic problem of varanid vertebrae

The vertebrae of monitor lizards (Varanidae) are charac-

terized by certain features that render feasible their taxo-

nomic identification, even when dealing with isolated

remains. As such, vertebrae represent the most abundant

remains in the varanid fossil record (Estes 1983; Molnar

2004; Georgalis et al. 2017b). It is even characteristic that

the first confirmed fossil varanid find from Europe was a

large trunk vertebra (MNHN.F.PIK3715) from the late

Miocene of Pikermi, originally described by Gaudry

(1862, 1862–1867) as a ‘‘Reptile du groupe des Varans’’,

that was subsequently referred to Varanus marathonensis

by Weithofer (1888).

Whereas certain features of varanid vertebrae render

them identifiable at the family or also at the genus level,

differences among the most distinctive characters, such as

the degree of the precondylar constriction and the angle of

the anteroventral orientation of the cotyle, have been tra-

ditionally used in fossil squamate literature as taxonomi-

cally important features for monitor lizards, even as

diagnostic for specific distinction (e.g., Roger 1898;

Nopcsa 1908; Hoffstetter 1969; Lungu et al. 1983; Zerova

and Chkhikvadze 1986). As a consequence, the following

varanid species have been established exclusively on the

basis of vertebrae from the European Cenozoic: Saniwa

orsmaelensis Dollo, 1923, from the early Eocene (MP 7) of

Belgium, Iberovaranus catalaunicus Hoffstetter, 1969,

from the early Miocene (MN 4) of Spain, Varanus hof-

manni Roger, 1898, from the middle–late Miocene (MN 6–

MN 9) of Germany, Varanus lungui Zerova and Chkhik-

vadze, 1986, from the middle Miocene (MN 7/8) of Mol-

dova, Varanus tyrasiensis Zerova and Chkhikvadze in

Lungu et al. (1983), also from the middle Miocene (MN

7/8) of Moldova, Varanus atticus Nopcsa, 1908, from the

late Miocene (MN 12) of Greece, and Varanus semjonovi

Zerova in Zerova and Chkhikvadze (1986), from the late

Miocene (MN 12) of Ukraine. To these, we add also

Varanus deserticolus Bolkay, 1913, from the late Pliocene

(MN 16) of Hungary, which is in fact a chimaera, typified

by a varanid dentary and an anguid vertebra (see Georgalis

et al. 2017b for further discussion), so it is not considered

as exclusively established on vertebral material.

However, it has since been shown that the above men-

tioned purported diagnostic features (degree of the pre-

condylar constriction and the angle of the anteroventral

orientation of the cotyle) are highly variable among varanid

vertebrae and they should only be considered with cau-

tiousness upon dealing with taxonomic identifications

(Smith et al. 2008; Holmes et al. 2010; Delfino et al. 2013).

As such, the validity of most of these names is problematic

or at least tentative. Iberovaranus catalaunicus has recently
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been shown to fall within the vertebral variability of Var-

anus and the name has been suggested to be a nomen

dubium (Delfino et al. 2013). Varanus atticus is typified by

the large vertebra from Pikermi that was originally

described by Gaudry (1862, 1862–1867), and is now gen-

erally accepted as a synonym of V. marathonensis, which

was established by Weithofer (1888) also from Pikermi,

but on the basis of cranial material (e.g., de Fejérváry 1918;

Rage and Sen 1976; Estes 1983; Molnar 2004). Varanus

lungui and V. tyrasiensis are coeval and rather approximate

geographically, whereas the Ukrainian V. semjonovi is

younger than the two aforementioned Moldavian taxa but

originates practically from the same region. Varanus hof-

manni is generally treated as a valid taxon, with several

other occurrences being provisionally referred to this spe-

cies from the Miocene of France (Hoffstetter 1969), Hun-

gary (Venczel 2006), and Spain (Hoffstetter 1969); as it is

an important, historical taxon, its status needs to be reas-

sessed. The status of Saniwa orsmaelensis is more clear:

this Paleogene species is generally treated as valid (e.g.,

Hecht and Hoffstetter 1962; Augé 1990, 2005; Smith et al.

2008). Indeed, the vertebrae of Saniwa (currently the sole

valid genus of European Paleogene varanids; Augé 2005)

seem to be distinct from those of Varanus by, among

others, the presence of a pseudozygosphene and a straight

posterior border of the neural arch between the postzy-

gapophyses (this line is V-shaped in Varanus) (Estes 1983;

Rage and Augé 2003; Malakhov 2005; Smith et al. 2008).

The two RPl varanid vertebrae differ between them in

terms of size, shape, length and extent of pre- and

postzygapophyses, and slightly in their degree of pre-

condylar constriction. Nevertheless, this does not imply

that they belong to different varanid taxa, but rather that

these differences most probably result from ontogenetic or

intracolumnar variation (i.e., pertaining to different por-

tions of the trunk region). Interestingly, both RPl vertebrae

are much smaller than the stratigraphically younger one

belonging to the Varanus originally described by Gaudry

(1862, 1862–1867) from the late Miocene (MN 12) of

Pikermi, that is generally referred to V. marathonensis.

They further differ from the Pikermi specimen in terms of

general shape, degree of precondylar constriction, angle of

anteroventral orientation of the cotyle, extent and inclina-

tion of prezygapophyses, depression of cotyle and condyle,

and size and shape of neural canal. Whether, however, the

RPl varanid represents a distinct, smaller and potentially

ancestral species to V. marathonensis, remains to be elu-

cidated with the study of intraspecific variation among

extant varanids and the potential recognition of phyloge-

netically important characters in these skeletal elements.

5.3 Limb morphology of the European Neogene
Varanus

The limb bones (a left humerus and a right tibia) from the

locality of RPl, which are referred to Varanus, are clearly

more stoutly built than those of similarly-sized extant

species of the same genus. The same observation concerns

all other so far published limb elements (i.e., only four)

from the Neogene of Europe that have been allocated to

Varanus. These bones consisted so far solely of an ulna, a

humerus, a femur, and a phalanx (de Fejérváry 1918; Sanz

1977; Venczel 2006). The ulna and femur were recovered

from the latest Miocene (MN 13) of Polgárdi, Hungary,

and were referred to as Varanus cf. hofmanni by Venczel

(2006). The humerus, was identified as Varanus sp. and

originates from the late Pliocene (MN 15) of Layna, Spain

(Sanz 1977). The phalanx originates from the early Plio-

cene (MN 15) of Csarnóta, Hungary, that was referred by

de Fejérváry (1918) to Varanus marathonensis. Judging

from the new Greek material and the published figures of

all the above mentioned appendicular remains from Spain

and Hungary, it seems that all known limb elements of

Varanus from the Neogene of Europe are much thicker and

stouter than those of the living species (ratio of length/

thickness in Miocene forms is lower than in recent forms).

This suggests that monitor lizards (i.e., Varanus) were

represented during the Neogene of Europe by species with

relatively short and stocky limbs. Judging from the wide

stratigraphic and geographic distribution of short-limbed

varanids in the Neogene of Europe, we tentatively suggest

that this character was also apparent in all coeval forms

from the continent. As such, it would not be surprising that

Varanus marathonensis from Pikermi and its allied coeval

forms from the Neogene of Europe, that are currently not

known from any appendicular elements, could have also

possessed this distinctive short and robust limb morphol-

ogy that is apparent at least in the RPl, Polgárdi, and Layna

varanids. Obviously, the small number of available speci-

mens does not permit any definite conclusions. The

recovery of more fossil limb bones of varanids and a more

thorough investigation of the skeletal anatomy of the extant

taxa is highly recommended.

6 Conclusions

We here describe new finds of lizards and snakes from the

late Miocene of Ravin de la Pluie, a locality mostly known

for its hominoid Ouranopithecus macedoniensis. The new

finds represent the first record of fossil squamates from the

Axios valley. The fauna is relatively not diverse, with a

general trend towards large-sized taxa, though this is most
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probably an artifact of taphonomy and collection bias.

Lizards include the varanid Varanus sp. and a probable

large anguid. Snakes include the elapid Naja cf. romani

and a small-sized ‘‘colubrine’’. The new squamates from

RPl fill a gap in the biogeography and stratigraphy of these

reptiles, as they are the first records of lizards and snakes

from the late Miocene MN 10 biozone of southeastern

Europe, and they complement the knowledge provided by

the rare coeval records from the whole continent. The RPl

finds further expand the known distribution records of

varanids and elapids from southeastern Europe. The

potential taxonomic credibility of varanid vertebrae is

discussed, with implications about the validity of certain

European monitor lizard taxa. The new varanid limb bones

from RPl rank among the few such elements in the Euro-

pean record and indicate the presence of robust legs for the

European Neogene monitor lizards. The identification of

distinctive scars on the RPl varanid humerus corresponds

probably to bite marks of a mammalian predator or a

scavenger, and offers an insight into the palaeoecology of

the locality.
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Wissenschaften, Mathematischnaturwissenschaftliche KIasse

Abteilung, 1(186), 285–299.

Bachmayer, F., & Szyndlar, Z. (1985). Ophidians (Reptilia: Serpen-

tes) from the Kohfidisch fissures of Burgenland, Austria.

Annalen des Naturhistorischen Museums Wien, A, 87, 79–100.

Bailon, S., & Rage, J.-C. (1994). Squamates Néogènes et Pléistocènes
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garter Beiträge zur Naturkunde B, 192, 1–47.

Szyndlar, Z., & Zerova, G. (1990). Neogene cobras of the genus Naja

(Serpentes: Elapidae) of East Europe. Annalen des Naturhis-

torischen Museums in Wien, 91A, 53–61.

Venczel, M. (2006). Lizards from the Late Miocene of Polgárdi (W.

Hungary). Nymphaea, Folia naturae Bihariae, 33, 25–38.

Wallach, V., Williams, K. L., & Boundy, J. (2014). Snakes of the

world: A catalogue of living and extinct species. Boca Raton:

CRC Press.
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ABSTRACT
We here describe new remains of amphibians and reptiles from the early Miocene (MN 4) of two 
different Greek localities, Aliveri and Karydia. The newly described material consists of urodelans, alytids, 
indeterminate anurans, turtles, crocodylians, lacertids, indeterminate scincomorphs, anguids, colubrids, 
viperids, and indeterminate snakes. The presence of the frog Latonia cf. gigantea in Greece is documented 
for the first time. Additionally, the presence of viperids in Aliveri implies a much wider distribution for 
these snakes during the early Miocene of Europe. Of special interest is the presence of a peculiar colubrid 
that seems to possess a hitherto unknown vertebral structure, which is herein defined as the ‘paracentral 
ridge’. Although incomplete, the new material has important taxonomic and biogeographic implications, 
as it enhances our understanding of southeastern European herpetofaunas from the early Miocene, a time 
period that was characterised by major dispersal and extinction events and climatic change that affected 
the whole continent.

Introduction

The early Miocene was an important time interval for European 
vertebrate faunas, as it witnessed major dispersal events from 
both Africa and Asia, but also important climatic changes char-
acterised by higher temperatures, all resulting in the emergence 
of new palaeoenvironments, extinction events, and drastic faunal 
turnovers (Rögl 1999; Böhme 2003). The most important studies 
about these early Miocene events have so far focused primar-
ily on mammals (e.g. Koufos et al. 2005), but knowledge of the 
respective coeval amphibians and reptiles is far more limited and 
poorly documented (Ivanov 2001; Delfino et al. 2003; Rage and 
Roček 2003; Čerňanský 2012; Rage 2013). The situation is even 
more puzzling for the southeastern portions of Europe, where the 
known early Miocene herpetofauna is limited to only few spo-
radic occurrences (Đurić 2016; Georgalis et al. 2013; Georgalis, 
Villa and Delfino 2016; Vasileiadou et al. 2017).

We try here to fill this gap by describing new fossil amphib-
ians and reptiles from two distinct Greek localities, Aliveri and 
Karydia, both pertaining to the MN 4 zone (Burdigalian, early 
Miocene). Up to now, only a chamaeleonid lizard (Chamaeleo cf. 
andrusovi) had been described from Aliveri (Georgalis, Villa and 
Delfino 2016). The turtles from both localities were only prelim-
inarily mentioned with no descriptions or figures by Georgalis 
and Kear (2013) as ‘Emydidae (?) indet.’ (for Aliveri-2) and 
‘Testudinata indet.’ (for Karydia-2). We analyze the taxonomic 

affinities of the new Aliveri and Karydia specimens and addi-
tionally discuss biogeographic implications that enhance our 
comprehension of the herpetofaunas of southeastern Europe.

Abbreviations: AL1a, Aliveri 1a Site; AL1b, Aliveri 1b Site; 
AL1980NQ, Aliveri 1980 New Quarry Site; AL2, Aliveri 2 
Site; AMPG, Athens Museum of Palaeontology and Geology, 
National and Kapodistrian University of Athens, Athens, 
Greece; HNHM, Hungarian Natural History Museum, Budapest, 
Hungary; KR2, Karydia-2 Locality; MDHC, Massimo Delfino 
Herpetological Collection, University of Torino, Torino, Italy; 
MNCN, Museo Nacional de Ciencias Naturales, Madrid, Spain; 
MNHN, Muséum national d’Histoire naturelle, Paris, France; 
NHMW, Naturhistorisches Museum Wien, Vienna, Austria; 
NMP, Národní Muzeum Praha, Prague, The Czech Republic; UU, 
University of Utrecht, Utrecht, The Netherlands; ZZSiD, Institute 
of Systematics and Evolution of Animals, Polish Academy of 
Sciences, Kraków, Poland.

Materials and methods

The majority of specimens described herein belongs to the collec-
tion of the UU, whereas the remaining of the described material 
belongs to the AMPG. Comparative material includes multiple 
skeletons of extant frogs, salamanders, turtles, lizards, and snakes 
held in HNHM, MDHC, MNCN, MNHN, NHMW, NMP, and 
ZZSiD.
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represented by the equid Anchitherium, two species of the pal-
aeomerycid Lagomeryx, the bovid Eotragus, and the carnivorans 
Euboictis aliveriensis and Palaeogale sp. (van den Hoek Ostende 
et al. 2015). As for the herpetofauna, up to now, only chamaele-
onid lizards have been described from Aliveri (Georgalis, Villa 
and Delfino 2016), whereas turtles were only briefly mentioned 
by Georgalis and Kear (2013).

The locality of Karydia is situated in northeastern Greece, 
in the administrative region of East Macedonia and Thrace 
(Figure 1). It is located northeast of the town of Komotini, about 
800 m south of the Karydia village, and was discovered in 1989 
by Hans de Bruijn and Dimitris Foussekis (Doukas 2005). The 
locality belongs to the Neogene sedimentary sequence of the 
Thrace Basin. According to Doukas and van den Hoek Ostende 
(2006), the material was collected from a clay quarry, from three 
fossiliferous levels around a hill (Karydia-1, -2, and -3 [herein 
dubbed as KR1–KR3]), and all levels are considered synchro-
nous, although the lithology indicates a slightly older age for 
KR3. Similarly to Aliveri, the Karydia assemblage is attributed 
to MN 4. However, the rodent fauna implies a younger age for 
Karydia. Theocharopoulos (2000) argued that Democricetodon 
franconicus from Aliveri is more primitive than conspecific 
material from Karydia, indicating a slightly younger age for the 
latter locality. A slightly younger age for Karydia is also sup-
ported by the more advanced evolutionary stage of the rodents 
Cricetodon and Anomalomys, and the presence in Karydia of 
Ligerimys instead of Pseudotheridomys (Doukas 2003; Koufos 
2006; van den Hoek Ostende et al. 2015). The younger age of 
Karydia relative to that of Aliveri, is also supported by insec-
tivores, as the former locality is characterised by the presence 
of Galerix kostakii, a species considered as a descendant of G. 
symeonidisi, the latter being present in Aliveri (Doukas and van 
den Hoek Ostende 2006). Similarly to Aliveri, Karydia shares 

Geological settings

The fossiliferous localities of Aliveri and Karydia, together 
with those of Gavathas and Lapsarna (both on Lesvos Island), 
Nostimo (Western Macedonia), and possibly of Kalimeriani 
(Euboea Island), are among the few early Miocene localities in 
Greece that have yielded fossils of terrestrial vertebrates (Koufos 
et al. 2003; Koufos 2006; Vasileiadou and Zouros 2012; Georgalis 
et al. 2013; Koufos 2013; Georgalis, Villa and Delfino 2016; 
Vasileiadou et al. 2017).

The locality of Aliveri is situated on the island of Euboea (or 
Evia) in the administrative region of Central Greece (Figure 1) 
and was discovered in 1977 by a Dutch-Greek team consisting of 
Albert van der Meulen, Hans de Bruijn and Georgios Katsikatsos 
(de Bruijn and van der Meulen 1979; Doukas 2003; van den Hoek 
Ostende et al. 2015). The Aliveri locality represents a lignitic pit 
in the Neogene Kymi-Aliveri Basin (de Bruijn et al. 1980). The 
fossil material from the Aliveri locality originates from four dif-
ferent sites, Aliveri 1a, Aliveri 1b, Aliveri 2, and Aliveri 1980 New 
Quarry. All of these sites are considered coeval. Unfortunately, 
the locality is not accessible anymore due to housing develop-
ment in the area. Recently, van den Hoek Ostende et al. (2015) 
revised the fauna of Aliveri and also provided a history of past 
discoveries and studies. Though initially correlated to the MN 3 
zone (de Bruijn et al. 1980), the fauna of Aliveri is now referred 
to earliest MN 4, with an estimated age between 18 and 17.5 Ma 
(Koufos 2006; van den Hoek Ostende et al. 2015). According 
to van den Hoek Ostende et al. (2015), the Aliveri assemblage 
is unique in representing the earliest European Neogene local-
ity documenting the co-occurrence of eastern immigrants that 
include the rodents Cricetodon, Eumyarion, Democricetodon, 
Megacricetodon, and the insectivore Galerix symeonidisi, in com-
bination with the presence of European taxa. Besides the abun-
dant micromammal taxa, large mammals are also known, being 

Figure 1. Map of greece with indication of the localities of aliveri and Karydia. source: https://commons.wikimedia.org/wiki/File:greece_location_map.svg
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HISTORICAL BIOLOGY   3

certain congeneric mammal taxa with early Miocene Anatolian 
localities (e.g. de Bruijn, 2017). No large mammals are known 
from Karydia and no herpetofauna has been described to date 
either. It should be highlighted that Karydia has produced far 
less fossil material in comparison to Aliveri.

Systematic Palaeontology
Amphibia Blainville, 1816
Urodela Duméril, 1806
Urodela indet. (Figure 2)

Material. KR3: a tibia (AMPG KR3 037).
Description. The tibia is medium-sized, with a total length of 
6 mm (Figure 2). It is moderately slender and presents a well-de-
veloped tibial crest, whose free portion is broken off. A second 
low ridge is visible on the ventral surface of the bone, running 
along its entire length.
Remarks. This single, isolated tibia is fully comparable with a 
medium-sized urodelan in terms of general morphology. A lack 
of detailed knowledge about the skeletal anatomy of modern 
salamanders, however, hinders identifying further taxonomic 
significant features of the Karydia fossil element.

Anura Fischer von Waldheim, 1813
Alytidae Fitzinger, 1843
Latonia Meyer, 1843
Latonia gigantea (Lartet, 1851)
Latonia cf. gigantea (Figure 3)

Material. KR3: 15 maxillae (AMPG KR3 004, AMPG KR3 005, 
AMPG KR3 014–AMPG KR3 016, AMPG KR3 027, AMPG KR3 
030, AMPG KR3 048–AMPG KR3 055), a frontoparietal (AMPG 
KR3 038), two praearticulars (AMPG KR3 028 and AMPG KR3 
029), two trunk vertebrae (AMPG KR3 031 and AMPG KR3 
033), a sacral vertebra (AMPG KR3 032), and four ilia (AMPG 
KR3 011, AMPG KR3 026, AMPG KR3 044, and AMPG KR3 
045).

Description.
Maxillae. These elements are small and incomplete (Figure 3(A)–
(F)). The longest fragments, AMPG KR3 005 and AMPG KR3 
015, slightly exceed 5 and 6 mm respectively. The lateral surface 
is generally smooth. Only AMPG KR3 015 shows a light dermal 
ornamentation made up by small and indistinct tubercles along 
the high processus zygomaticomaxillaris, but the presence, or 
not, of a similar ornamentation in the other specimen cannot 
be discerned since this part of the bone is missing. Some of the 
Karydia-3 specimens (e.g. AMPG KR3 005) preserve, at least 
partially, the anterior end and the processus palatinus. The latter 
is narrow, anteriorly inclined and gutter-shaped. The portion of 
the maxilla anterior to the processus palatinus is rather long, 
being delimited laterally by a high lamina anterior. The lamina 
horizontalis narrows towards the anterior end. Its dorsal surface 
displays a rather deep and narrow fossa maxillaris just anterior 
to the processus palatinus. The posterior end is preserved, at 
least partially, only in AMPG KR3 015, AMPG KR3 016, and 
AMPG KR3 027. In these specimens, the lamina horizontalis 
slightly narrows towards the posterior end and develops a rather 
long and slender processus pterygoideus. The tooth row extends 
posteriorly to the end of the lamina horizontalis. A shallow pos-
terior depression is recognizable, including a narrow foramen 
by its contact with the lamina horizontalis. The depression is 
not marked by ridges anteriorly. The margo orbitalis is strongly 
concave.
Frontoparietal. The fragmentary frontoparietal is rather small, 
with a total preserved length of roughly 4 mm (Figure 3(G)–(H)). 
The anterior end of the bone is missing, whereas posteriorly the 
bone misses the entire left corner, most of the right processus 
paraoccipitalis and the right lateral margin. In the entire pre-
served portion of the bone, the facies dorsalis is rather distinctly 
narrower than the pars contacta, and the tectum supraorbitale 

Figure 2. Urodela indet. from Karydia-3: left tibia (aMPg Kr3 037) in dorsal (a), ventral (B), lateral (c) and medial (D) views.
scale bar = 1 mm. abbreviations: tc, tibial crest.
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4   G. L. GEORGALIS ET AL.

Praearticulars. These elements are rather small-sized (Figure 
3(I)–(J)). They have a slender and horizontal processus para-
coronoideus followed posteriorly by a slender and vertically ori-
ented processus coronoideus. The latter is completely damaged 
in AMPG KR3 029, but its base is visible, attesting its original 
presence. The rather narrow sulcus pro cartilago Meckeli is rather 
shallow anteriorly, but it deepens strongly by the processus cor-
onoideus. The lateral surface displays a large and deep depres-
sion, marked ventrally by a sharp crista mandibulae externa. The 
extremitas spatulata is missing.

Trunk vertebrae. They are small sized and represented only by 
the centrum (Figure 3(K)–(L)). The centrum is ophisthocoelous 
and displays a distinct condylar neck. The shape of the centrum 
is rather cylindrical, but a slight ventral concavity is visible in 
lateral view. The concavity is more evident in AMPG KR3 033, 
however, it is distinctly smaller in AMPG KR3 031. Small por-
tions of the rather thin lateral walls of the neural arch are also 
preserved in both specimens.

Sacral vertebra. This element also preserves only the verte-
bral centrum (Figure 3(M)). It has an anterior condyle and two 

appears to be developed only as a rather low lamina by each side 
of the posterior end of the facies dorsalis. The latter is covered by a 
moderate dermal ornamentation consisting of low tubercles and 
grooves. The degree of development of the ornamentation tends 
to fade both anteriorly and towards the lateral sides. Posteriorly 
to the facies dorsalis, a rather low longitudinal ridge is present in 
the middle of the smooth posterior area of the dorsal surface of 
the frontoparietal. By the end of this ridge, a processus posterior 
is not developed. A sharper ridge runs also at the middle of the 
dorsal surface of the preserved portion of the processus paraoc-
cipitalis. Medially to the contact between the facies dorsalis and 
the latter ridge, a small foramen is visible that might represent 
the opening for the occipital artery. On the lateral sides, the pars 
contacta is laminar and ventrolaterally extended. On the ventral 
surface, the incrassatio frontoparietalis is clearly divided into 
an anterior and a posterior portion, even though the margins of 
these two portions are poorly marked. Both portions are large. 
Only the posterior portion of the incrassatio is completely pre-
served, showing a circular shape. The surface of the incrassatio 
frontoparietalis is smooth.

Figure 3. Latonia cf. gigantea from Karydia-3: left maxilla (aMPg Kr3 005) in medial (a) and lateral (B) views; left maxilla (aMPg Kr3 015) in medial (c) and lateral (D) 
views; left maxilla (aMPg Kr3 016) in medial (E) and lateral (F) views; frontoparietal (aMPg Kr3 038) in dorsal (g) in ventral (H) views; left praearticular in dorsal (i) and 
lateral (J) views; trunk vertebra (aMPg Kr3 033) in ventral (K) and left lateral (l) views; sacral vertebra (aMPg Kr3 032) in dorsal view (M); right ilium (aMPg Kr3 011) in 
lateral (N) and medial (o) views.
scale bars = 1 mm. abbreviations: cd, crista dorsalis; cme, crista mandibulae externa; cn, condylar neck; f, foramen; fd, facies dorsalis; fts, fossula tuberis superioris; if, incrassatio frontoparietalis; la, 
lamina anterior; lh, lamina horizontalis; or, ornamentation; pc, pars contacta; pco, processus coronoideus; pd, posterior depression; pp, processus pterygoideus; ppa, processus paracoronoideus; 
tes, tectum supraorbitale; tus, tuber superior.
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HISTORICAL BIOLOGY   5

of the incrassatio frontoparietalis. The small size of the spec-
imen also agrees with a juvenile condition, even though the 
ornamentation, consisting of low tubercles instead of pits and 
ridges, might suggest it was not a postmetamorphic individual, 
but rather a subadult (Roček 1994, 2013). The identification as 
a rather young specimen of L. gigantea might be also valid for at 
least the maxilla AMPG KR3 015, based on the presence of low 
developed tubercles on the processus zygomaticomaxillaris and 
the absence of the ridge marking the anterior part of the medial 
depression in adults (Roček 1994, 2013). Given the small size and 
the overall similar morphology shown by the other specimens, 
it seems possible that all discoglossine fossils from Karydia-3 
might belong to young individuals of L. gigantea. Nevertheless, 
the presence of a foramen for the occipital artery on the fronto-
parietal is rather puzzling, and, as such, the identification is here 
considered only tentative.

cf. Latonia sp. (Figure 4A–G)
Material. AL1a: an atlas (UU AL 3593). AL1980NQ: three max-
illae (UU AL 3552, UU AL 3555, and UU AL 3596), and a right 
ilium (UU AL 3598).
Description.
Maxillae. All maxillae from Aliveri are represented by small 
fragments, the largest one (UU AL 3552) being roughly 4 mm 
in total length (Figure 4(A)–(B)). They preserve only part of the 
middle portion of the bone. In medial view, a mediolaterally 
short and medially convex lamina horizontalis is visible, mark-
ing the crista dentalis dorsally. The latter bears pleurodont, close-
ly-spaced, and cylindrical teeth, of which none is completely 
preserved. The number of preserved tooth-positions is at least 
12 in UU AL 3552. The dorsal surface of the lamina horizontalis 
is marked by a narrow and rather deep groove. The preserved 
portion of the lateral surface is smooth in all specimens. Certain 
morphological features, such as the shape of the lamina hori-
zontalis, the tooth morphology, and the smooth lateral surface 
resemble the specimens from Karydia-3, described above as 
Latonia cf. gigantea.
Atlas. The atlas from Aliveri preserves only the vertebral centrum 
(Figure 4(C)–(E)). It is small-sized, strongly dorso-ventrally 

posterior condyles. Its size is comparable with the largest trunk 
vertebra. The condyles are dorsoventrally compressed and the 
centrum is ventrally flattened.

Ilia. These elements are rather small. AMPG KR3 011 preserves 
most of the shaft, but only a small part of the acetabular portion 
(Figure 3(N)–(O)). A moderately high crista dorsalis is present. Its 
anterior half is missing, but the preserved portion seems to display 
a medial bending anteriorly. The posterior end of the crista is 
characterised by a poorly marked and anteroposteriorly elongated 
tuber superior. A shallow fossula tuberis superioris (sensu Roček 
1994) is present, housing a small foramen. The supracetabular 
fossa is deep. Most of the acetabulum is missing, but its ante-
rior margin was strongly raised laterally and seems to have been 
prominent. Both the partes ascendens and descendens are almost 
completely broken off, but a deep interiliac groove is still visible in 
medial view. The other specimens are less well-preserved, but their 
morphology is fully comparable with that of AMPG KR3 011.

Remarks. Maxillae with a long and slender processus ptery-
goideus and a medial depressed area in the posterior portion, 
together with prearticulars possessing a processus paracoro-
noideus associated to the processus coronoideus clearly attest 
the presence of the discoglossine Latonia in Karydia-3 (Roček 
1994, 2013). Other, similar-sized remains showing discogloss-
ine features, such as opisthocoelous vertebrae and ilia with a 
medially-bending crista dorsalis and an interiliac groove, can 
also be assigned to the same taxon (Roček 1994, 2013; Bailon 
1999). The attribution of the frontoparietal from KR3 to Latonia 
is supported by its unpaired nature and the split incrassatio fron-
toparietalis with a circular posterior portion, but the presence 
of a foramen for the occipital artery is rather unusual, since this 
feature is reported to be absent in representatives of the genus 
(Roček 1994, 2013; Rage and Hossini 2000). Nevertheless, the 
general morphology of the frontoparietal is fully comparable 
with early ontogenetic stages of Latonia gigantea, as described 
by Roček (1994) and Rage and Hossini (2000). In particular, 
the most significant similarities are the narrow facies dorsalis if 
compared with the pars contacta, the laminar and ventrolater-
ally-developed pars contacta, and the poorly-marked margins 

Figure 4. cf. Latonia sp. from aliveri (a–g): left maxilla (UU al 3552) in medial (a) and lateral (B) views; atlas (UU al 3593) in dorsal (c), ventral (D) and anterior (E) views; 
right ilium (UU al 3598) in lateral (F) and medial (g) views. anura indet. from aliveri (H): trunk vertebra (UU al 3553) in dorsal view (H). anura indet. from Karydia-2 (i): left 
humerus (UU Kr2 5015) in ventral view (i).
scale bars = 1 mm.abbreviations: ec, eminentia capitata; fcv, fossa cubitalis ventralis; fts, fossula tuberis superioris; k, keel; si, spatium interglenoidale.
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6   G. L. GEORGALIS ET AL.

vertebra was opisthocoelous or procoelous in life. As such, we 
refrain from formally referring it to cf. Latonia and treat this 
 vertebra as an indeterminate anuran. Furthermore, the recog-
nition of the condylar neck is also hindered by a distinct lateral 
development of the condyle on both sides, possibly indicating a 
rather high degree of lateral movement of the articulating verte-
brae. The respective material from Karydia-2 is relatively better 
preserved: a medium-sized humerus preserving only the distal 
epiphysis and a small and very poorly preserved fragment of a 
radioulna can be assigned only to an indeterminate anuran. The 
humerus displays a sphaerical eminentia capitata and a mod-
erately deep fossa cubitalis ventralis (Figure 4(I)). The epicon-
dylus ulnaris is robustly built. The epicondylus radialis, on the 
other hand, is rather small and displays a distinct tubercle on the 
ventral surface, which is separated from the eminentia capitata 
by a narrow groove. The bases of both the cristae lateralis and 
medialis are well developed. On the dorsal surface, the olecranon 
scar is not recognizable. The fossil remains from Karydia-3 are 
fragmentary and lack diagnostic characters to the family level, 
and as such, are here also identified as indeterminate anurans.

Reptilia Laurenti, 1768
Testudines Batsch, 1788
Testudines indet. (Figure 5)

Material. AL2: two shell fragments (UU AL 3504–UU AL 3505). 
KR2: three shell fragments (UU KR2 5001–UU KR2 5003).
Description. The two fragments from Aliveri can be joined 
together in a single, larger fragment (about one square cm) that 
comes from a chelonian shell (Figure 5(A)–(F)). This identifica-
tion is supported by the presence of a smooth visceral and a finely 
vermiculated external surface characterised by a scute sulcus. 
Moreover, two of the edges of this larger fragment host the typical 
chelonian sutures. The three small fragments from Karydia are 
characterised by being thin (2–4 mm) and provided with a rather 
smooth (visceral) surface and a slightly rough opposite (external) 
surface (Figure 5(G)–(M)). With the exception of UU KR2 5002, 
the fragments show a sutural surface on at least one edge. Growth 
marks are visible on the slightly vermicular external surface of 
UU KR2 5001. UU KR2 5002 hosts a straight sulcus on the dorsal 
surface and shows a very modest convexity on its ventral surface, 
suggesting that this fragment could originate from a costal bone. 
A rather thin, elongated tubercle, associated with the presence 
of sutures at three edges, could indicate that UU KR2 5003 is a 
small fragmentary costal bone as well.
Remarks. The material from Aliveri and Karydia is too frag-
mentary to permit a precise identification of the shell elements. 
Four clades of non-marine turtles are known from the early 
Miocene of this region: pan-testudinoids (sensu Joyce et al. 
2004), podocnemidoideans, pan-chelydrids, and pan-tri-
onychids (Georgalis and Kear 2013; Georgalis et al. 2013; Joyce 
2016; Georgalis and Joyce 2017). The absence of a sculpturing 
pattern clearly denotes that the material described herein does 
not pertain to pan-trionychids (Georgalis and Joyce 2017). The 
general morphology is reminiscent of pan-testudinoids but 
podocnemidoidean and chelydrid affinities cannot be excluded. 
Therefore, the material from both localities is herein referred 
to Testudines indet.

Crocodylia Gmelin, 1789
Crocodylia indet. (Figure 6)

compressed, and has a subcircular posterior cotyle. Anteriorly, 
two kidney-shaped cotyles are present. They are moderately large 
and dorsoventrally inclined in anterior view. They are not in 
contact, since a moderately wide spatium interglenoidale sepa-
rates them in the middle. A robust keel is visible on the ventral 
surface of the centrum.
Ilium. The small ilium from Aliveri preserves part of the ace-
tabular portion and the base of the shaft (Figure 4(F)–(G)). On 
the dorsal margin, part of a rather poorly marked tuber supe-
rior is preserved. In life, it was probably confluent with a crista 
dorsalis, which is now missing. Even though the pars ascendens 
is missing, the angle between the latter and the tuber superior 
is rather obtuse in lateral view. Two foramina, a strongly larger 
posterior one and a rather small anterior one, are visible on the 
lateral surface of the bone; they are located in a rather shallow 
fossula tuberis superioris. There is no supracetabular fossa. The 
acetabulum is strongly eroded, but its anteroventral margin is 
prominent laterally. The preacetabular area is not expanded. 
Because the ileoischiadic junction is not preserved, it is not 
possible to discern whether the interiliac tubercle and groove 
were present.
Remarks. In spite of their fragmentary nature, a clear similarity 
of these specimens is recognizable with Latonia. In particular, the 
Aliveri specimens resemble Latonia in the shape of the lamina 
horizontalis of the maxillae, the ventral keel, the dorsoventrally 
inclined and medially separated anterior cotyles of the atlas, the 
poorly-marked tuber superior, the obtuse angle between the 
tuber and the pars ascendens, and the presence of a fossula tub-
eris superioris with foramina located into the latter on the ilium 
(Roček 1994, 2013; Biton et al. 2016). Among discoglossine alyt-
ids, a certain similarity is apparent in at least some bones between 
Latonia and Discoglossus (e.g. the ilium; Roček 1994; Biton et 
al. 2016), but the Aliveri fossils cannot be assigned to the latter 
genus due to the fact that the maxillae bear a more slender lamina 
horizontalis and the ilia have a more prominent tuber superior 
forming a less obtuse angle with the pars ascendens (Roček 1994; 
Bailon 1999; Biton et al. 2016). Due to the poor preservational 
condition and the scarcity of the fossil material, we here prefer 
to identify these specimens only tentatively, avoiding also any 
specific identification, pending the possible discovery of new 
remains in the future.

Anura indet. (Figure 4H–I)
Material. AL1a: an ilium (UU AL 3595), a trunk vertebra (UU 
AL 3553), and three indeterminate elements (UU AL 3554, UU 
AL 3594). AL1980NQ: an indeterminate element (UU AL 3597). 
KR2: a left humerus (UU KR2 5015) and a fragment of radioulna 
(UU KR2 5016). KR3: a premaxilla (AMPG KR3 003), an ilium 
(AMPG KR3 024), and eight phalanxes (AMPG KR3 006 and 
AMPG KR3 023).
Description and remarks. These anuran remains from Aliveri 
are too fragmentary to allow for rigorous identification. Among 
them, the sole known, small (roughly 2.7 mm long) trunk verte-
bra (UU AL 3553) could probably belong to the above described 
cf. Latonia sp. on the basis of the cylindrical shape of the centrum. 
However, the specimen is incomplete and only the cylindrical 
vertebral centrum is preserved (Figure 4(H)). It displays a cotyle 
and a condyle, both circular in shape, but since a clear condylar 
neck is not recognizable, it is not possible to state whether the 
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HISTORICAL BIOLOGY   7

Figure 5. testudines indet. from aliveri (a–F): shell fragment (UU al 3504) in external (a), visceral (B), and lateral (c) views; shell fragment (UU al 3505) in lateral (D), 
external (E), and visceral (F) views. testudines indet. from Karydia-2 (g–M): shell fragment (UU Kr2 5001) in external (g), visceral (H), and lateral (i); shell fragment, probably 
a costal (UU Kr2 5002) in external (J) and visceral (K) views; shell fragment, probably a costal (UU Kr2 5003) in dorsal (l) and ventral (M) views).
scale bars = 1 mm.

Figure 6. crocodylia indet. from aliveri: tooth (UU al 3536) in labial (a), lingual (B), and mesial (c) views; tooth (UU al 3537) in labial (D) and lingual (E) views; tooth (UU 
al 3538) in labial (F), lingual (g), and mesial (H) views; tooth (UU al 3539) in labial (i) and lingual (J) views; tooth (UU al 3540) in labial (K) and lingual (l) views; tooth (UU 
al 3541) in labial (M) and lingual (N) views; tooth (UU al 3576) in labial (o) and lingual (P) views; tooth (UU al 3577) in labial (Q), lingual (r), and mesial (s) views; tooth 
(UU al 3578) in labial (t) and lingual (U) views.
scale bars = 1 mm.
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8   G. L. GEORGALIS ET AL.

Chamaeleo cf. andrusovi
Material. AL1a: a skull roofing bone (UU AL 3501).
Remarks. The chamaeleonids from Aliveri were extensively 
described by Georgalis, Villa and Delfino (2016) and the reader 
is referred to that paper for further details. Although they prob-
ably all pertain to the same species, only the skull roofing bone 
possessed enough diagnostic characters for a species determi-
nation and was accordingly referred to Chamaeleo cf. andrusovi, 
whereas the tooth bearing bones were simply considered as inde-
terminate chamaeleonids. No further chamaeleonid material has 
been recovered from Aliveri.

Chamaeleonidae indet.
Material. AL1b: a fragment of tooth-bearing bone (UU AL 3502); 
AL1980NQ: a fragment of tooth-bearing bone (UU AL 3503).

Remarks. See Chamaeleo andrusovi above.
Scincomorpha Camp, 1923 (sensu Estes et al. 1988)
Lacertidae Oppel, 1811
Lacertidae indet. (Figure 7A–G)

Material. AL1a: a fragment of tooth-bearing bone (UU AL 3520). 
AL1b: a dentary (UU AL 3586) and five fragments of tooth-bear-
ing bones (UU AL 3557–UU AL 3561). AL1980NQ: a fragment 
of tooth-bearing bone (UU AL 3542). KR3: two maxillae (AMPG 
KR3 017–AMPG KR3 018) and an isolated tooth (AMPG KR3 
007).

Material. AL1a: six isolated teeth (UU AL 3536–UU AL 3541). 
AL1b: ten isolated teeth (UU AL 3576–UU AL 3585). AL1980NQ: 
an isolated tooth (UU AL 3556).
Description. All teeth from Aliveri share the following characters: 
small size (the largest, UU AL 3539, is 2.5 cm long), unserrated 
mesiodistal carinae, rather acute shape (UU AL 3536 is slightly 
more massive than the others), lingual surface slightly concave, 
labial surface slightly convex, smooth lingual and labial surfaces, 
absence of root, and a concave base (Figure 6). UU AL 3537 is the 
tip of a slightly larger tooth, but shares with the other specimens 
all the characters available on the preserved portion of the tooth.
Remarks. Isolated crocodylian teeth are not diagnostic at a lower 
taxonomic level (Delfino et al. 2007; Čerňanský et al. 2012; 
Georgalis, Villa, Vlachos et al. 2016) and therefore the Aliveri 
material can only be referred to Crocodylia indet. The small size 
of the teeth and the fact that their root was likely reabsorbed 
could indicate that they were shed by small individuals (there is 
no clear evidence of breakage of the root; Frey and Monninger 
2010).

Squamata Oppel, 1811
Acrodonta Cope, 1864
Chamaeleonidae Gray, 1825
Chamaeleo Laurenti, 1768
Chamaeleo andrusovi Čerňanský, 2010

Figure 7. lacertidae indet. from Karydia-3 (a–D): left maxilla (aMPg Kr3 017) in medial (a) and lateral (B) views; left maxilla (aMPg Kr3 018) in medial (c) and lateral (D) 
views. lacertidae indet. from aliveri (E–g): fragment of tooth-bearing bone (UU al 3557) in medial view (E); fragment of tooth-bearing bone (UU al 3558) in medial view 
(F); fragment of tooth-bearing bone (UU al 3559) in medial view (g). scincomorpha indet. from aliveri (H–i): left dentary (UU al 3519) in medial (H) and lateral (i) views; 
scincomorpha indet. from Karydia-3 (J): right dentary (aMPg Kr3 010) in medial view (J).
scale bars = 1 mm. abbreviations: app, anterior premaxillary process; or, ornamentation; sr, subdental ridge.

D
ow

nl
oa

de
d 

by
 [

B
C

U
/K

U
B

 F
ri

bo
ur

g 
- 

U
ni

ve
rs

ity
 o

f 
Fr

ib
ou

rg
] 

at
 0

6:
24

 2
7 

D
ec

em
be

r 
20

17
 



HISTORICAL BIOLOGY   9

Material. AL1a: three dentaries (UU AL 3519, UU AL 3521, and 
UU AL 3524). AL1980NQ: a dentary (UU AL 3549). KR3: a 
dentary (AMPG KR3 010).
Description. The specimens from Aliveri are poorly preserved 
fragments of dentaries, with a total length of 3.5 mm (UU AL 
3519), slightly less than 5 mm (UU AL 3521), roughly 2.5 mm 
(UU AL 3524), and roughly 3 mm (UU AL 3549) respectively. 
In medial view, the dentaries display a slender (UU AL 3519) 
or moderately thick (all other specimens) subdental ridge and a 
medially open Meckelian fossa. The ventral margin of the bone 
is missing in all specimens except for UU AL 3549, in which it 
appears rather straight. At least four (in UU AL 3519), seven (in 
UU AL 3524) and ten (in UU AL 3521) tooth positions are recog-
nizable, but teeth are preserved only in UU AL 3519 (all four of 
them) and 3524 (a single one). Teeth appear to have been slender, 
cylindrical and pleurodont. Teeth of UU AL 3519 are strongly 
eroded at the tip, but appear to have a peculiar, rather abrupt 
constriction towards the dorsal level of the dentary (Figure 
7(H)–(I)), however, it cannot be ascertained whether this was 
a true feature in life or is simply an artifact of taphonomy and 
preservation. The preserved tooth of UU AL 3524 is monocuspid. 
UU AL 3549 preserves the anterior end, displaying a narrow 
and subhorizontal mandibular symphysis. The lateral surface is 
smooth, carrying some mental foramina, in all specimens except 
for UU AL 3519, where it is slightly rugged.

The dentary fragment from Karydia-3 (AMPG KR3 010) 
displays a moderately thick subdental ridge on its medial side 
(Figure 7(J)). The Meckel’s groove is open and narrows anteriorly. 
The ventral margin of the fragment is mostly broken off. The 
alveolar portion carries 10 tooth positions, but the teeth are not 
preserved. Nevertheless, they were pleurodont, closely spaced 
and rather narrow. The lateral surface is smooth, with at least 
four mental foramina. The total length of the fragment is 6 mm.

Remarks. The presence of a subdental ridge on the medial 
side discriminates dentaries of scincomorph lizards from those 
of anguimorphs, but it is also present in iguanians and gekko-
tans (Evans 2008). Nevertheless, the combination of an open 
Meckel’s groove and the pleurodont dentition allow us to exclude 
an attribution of these dentaries to the latter two groups, rather 
favouring a scincomorph (sensu Estes et al. 1988) assignment. 
The preservational condition of the specimens from Aliveri hin-
ders a taxonomic attribution at the family level, but the presence 
of more than one taxon might be suggested by the difference in 
the smoothness of the lateral surface of the dentaries. Regarding 
the Karydia-3 material, if our identification of the other scinco-
morphs described above as adults of a small lacertid is correct, 
then the larger size of this dentary might suggest the presence 
of a second, though still indeterminate, scincomorph taxon in 
that locality.

Anguimorpha Fürbringer, 1900
Anguidae Gray, 1825
Anguinae Gray, 1825
Ophisaurus Daudin, 1803
cf. Ophisaurus sp. (Figure 8A–D)
Material. KR3: a tooth (AMPG KR3 035) and a trunk vertebra 

(AMPG KR3 034).
Description.
Tooth. The isolated tooth is rather small and pointed, even 

though the tip is broken (Figure 8(A)). It has a conical, roughly 

Description.
Maxillae. The lacertid maxillae from KR3 are rather small, 
fragmentary, and represent only the anterior end of the bone 
(Figure 7(A)–(D)). The anterior premaxillary process has short 
anterolateral and anteromedial processes separated by a shallow 
concavity. Dorsally, the vomeronasal foramen is moderately large 
and housed in a shallow concave area. It seems that a lappet 
is absent on the dorsal surface of the anteromedial process. In 
spite of the strong fragmentary nature of the specimens, a der-
mal ornamentation appears to be present on the lateral surface 
of the facial process, at least in AMPG KR3 018 (Figure 7(D)). 
Ventrally to the ornamentation, some ventrolateral foramina are 
present. Teeth are pleurodont, cylindrical, narrow, and closely 
spaced. AMPG KR3 017 preserves three teeth, whereas AMPG 
KR3 018 has four preserved teeth plus two empty tooth positions. 
Only one tooth preserves a monocuspid crown in the former 
specimen, whereas a bicuspid condition is recognizable in all 
teeth of the latter except for the anteriormost one in which the 
crown is not preserved.
Dentary. The dentary UU AL 3586 preserves only part of the 
middle portion of the bone. It is 4 mm in length. The Meckelian 
fossa is wide and opens medially. Teeth are pleurodont but no 
one is preserved. A moderately slender subdental ridge is present. 
The ventral margin is distinctly convex in medial view. The labial 
surface is smooth, though a light roughness seems to be present, 
however, this could be due to taphonomical reasons. Two mental 
foramina are present.
Tooth bearing elements. The fragments of indeterminate tooth 
bearing bones bear pleurodont, cylindrical, mono-, bi- and 
tricuspid teeth, which generally show wear (Figure 7(E)–(G)). 
Teeth of the largest specimens (UU AL 3557 and UU AL 3559) 
are hypertrophied.
Isolated tooth. AMPG KR3 007 is a single pleurodont and cylin-
drical tooth. It has a bicuspid crown, with a large main cusp and 
a smaller accessory cusp.
Remarks. The heterodont dentition of these tooth bearing bones 
from Aliveri is indicative of lacertid affinities (Bailon 1991), 
though they cannot be more precisely identified due to their 
poor preservational condition. In spite of the absence of well-pre-
served teeth, the Aliveri dentary is also assigned to the same 
taxon because of the convex ventral margin, which is also found 
in lacertids (AV, pers. obs.). It should be noted that the morphol-
ogy of the hypertrophied teeth in UU AL 3557 and UU AL 3559 
could be reminiscent of certain amblyodont lacertids from the 
Paleogene and early Neogene of western Europe (Augé 2005), 
but the Aliveri lizards cannot be attributed to the latter forms, as 
in amblyodont lizards, the crown is blunt and rounded, and as 
such, the cusps should be either totally absent or, in some cases, 
poorly marked.

The overall morphology of the KR3 specimens is consistent 
with an identification as undetermined lacertids (Bailon 1991; 
Barahona 1996). Similarly to the Aliveri lacertids, it is difficult 
to clearly identify the remains at a specific or even generic level, 
due to their poor preservational status. Nevertheless, their size 
would suggest the presence of a small-sized taxon in Karydia-3. 
The presence of the distinct dermal ornamentation on AMPG 
KR3 018 could testify that, at least this specimen pertains to an 
adult, and not to a juvenile of a larger species.
Scincomorpha indet. (Figure 7(H)–(J))
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10   G. L. GEORGALIS ET AL.

Description. Osteoderms from Aliveri are small, but rather thick 
and robust (Figure 8(E)–(G)). They show an external surface 
with a smooth gliding portion, a vermicular ornamentation and 
a well-developed longitudinal keel on the external surface. The 
most well preserved ones are subrectangular in shape.

Osteoderms from Karydia-2 are similar to those from Aliveri. 
They are small, but robustly-built (Figure 8(H)–(I)). The external 
surface shows a smooth gliding portion, a vermicular ornamen-
tation on the rest of the surface, and a well-evident longitudinal 
keel. Osteoderms from Karydia-3 are small and subrectangular 
in shape (Figure 8(J)–(L)). They display a vermicular ornamen-
tation and, with the sole exception of AMPG KR3 008, a longi-
tudinal keel on the external surface. Similar to the osteoderms 
from Aliveri and Karydia-2, they also show a smooth gliding 
portion in their external surface.
Remarks. The presence of anguids in Aliveri and Karydia is tes-
tified by a large number of osteoderms showing the typical ver-
micular ornamentation on the external surface. The thickness, 
the presence of a keel, and the subrectangular shape are found in 
non-Anguis anguine taxa (i.e. either Pseudopus or Ophisaurus), in 
contrast to smaller, rounded and unkeeled osteoderms in Anguis 
(Delfino et al. 2011). Regarding the osteoderms from KR3, it is 
most probable that they pertain to cf. Ophisaurus sp. that was 
described above from that locality.

Serpentes Linnaeus, 1758
Alethinophidia Nopcsa, 1923
Colubridae Oppel, 1811
Colubridae indet. (Figure 9)

Material. AL1980NQ: an anterior trunk vertebra (UU AL 3590). 
KR2: a posterior trunk vertebra (UU KR2 5018), a posterior 
trunk vertebra (UU KR2 5019), a caudal vertebra (UU KR2 
5025), and a fragmentary vertebra (UU KR2 5020). KR3: a frag-
ment of a trunk vertebra (AMPG KR3 020).
Description. The trunk vertebrae from both Aliveri and Karydia 
are incomplete, lacking zygapophyses and synapophyses. The 
best-preserved specimen, a posterior trunk vertebra (UU KR2 

canine shape. The tooth base is not swollen and the apex is not 
curved. No striae are present. There are small and sharp carinae 
both anteriorly and posteriorly.

Trunk vertebra. The vertebra is procoelous and rather fragmen-
tary as only the left side is preserved (Figure 8(B)–(D)). The neural 
arch is completely missing, as well as the posterior condyle. The 
preserved portion of the centrum is roughly 4 mm long. The cen-
trum is dorsoventrally compressed and has a flat ventral surface. 
Despite the absence of the condyle, a precondylar constriction 
does not seem to be present. The left lateral margin of the centrum 
is oblique and slightly concave in ventral view. The left synapoph-
ysisis is eroded, but it is distinctly dorsoventrally elongated. The 
left prezygapophysis is subelliptical and slightly dorsally tilted.

Remarks. The morphology of both AMPG KR3 034 and 
AMPG KR3 035 is reminiscent of that of Ophisaurus. As far as 
the vertebra is concerned, its attribution to Ophisaurus is sup-
ported by the compressed centrum with no precondylar constric-
tion, an oblique and concave lateral margin, and a flat ventral 
surface (Klembara 1981; Estes 1983). The isolated tooth, on the 
other hand, resembles Ophisaurus in its conical shape and the 
absence of a strong curvature (Klembara et al. 2014). Despite 
the fact that extant species of Ophisaurus are reported to have 
striated tooth crowns, fossil remains with unstriated Ophisaurus-
like dentition are also known (e.g. Anguine morphotype I from 
Merkur-Nord; Klembara 2015). An attribution of these two fos-
sils from KR3 to Ophisaurus seems therefore possible, but due 
to scarcity of material and its poor preservational status we here 
prefer to treat this identification with caution.

non-Anguis Anguinae indet. (Figure 8E–L)
Material. AL1a: 60 osteoderms (UU AL 3506–UU AL 3518). 
AL1b: 14 osteoderms (UU AL 3562–UU AL 3575). AL1980NQ: 
22 osteoderms (UU AL 3543–UU AL 3548). KR2: seven oste-
oderms (UU KR2 5006–UU KR2 5013). KR3: 11 osteoderms 
(AMPG KR3 001, AMPG KR3 002, AMPG KR3 008, AMPG KR3 
019, AMPG KR3 039–AMPG KR3 043, AMPG KR3 046, AMPG 
KR3 047, AMPG KR3 056, and AMPG KR3 057).

Figure 8. cf. Ophisaurus sp. from Karydia-3 (a–D): isolated tooth (aMPg Kr3 035) in medial view (a); trunk vertebra (aMPg Kr3 034) in dorsal (B), ventral (c), and left 
lateral (D) views. non-Anguis anguinae indet. from aliveri (E–g): osteoderm (UU al 3506) in external view (E); osteoderm (UU al 3516) in external view (F); osteoderm 
(UU al 3545) in external view (g); non-Anguis anguinae indet. from Karydia-2 (H–i): osteoderm (UU Kr2 5007) in external view (H); osteoderm (UU Kr2 5008) in external 
view (i); non-Anguis anguinae indet. from Karydia-3 (J–l): osteoderm (aMPg Kr3 002) in external view (J); osteoderm (aMPg Kr3 039) in external view (K); osteoderm 
(aMPg Kr3 040) in external view (l).
scale bars = 1 mm, except for a, in which it is 0.5 mm. abbreviations: lk, longitudinal keel; s, synapophysis.
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HISTORICAL BIOLOGY   11

triangular, with distinct subcotylar tubercles, though only the left 
one is preserved (Figure 9(F)–(I)). In anterior view, the zygos-
phenal lip is vaulted dorsally. The neural canal is rounded with 
short but distinct lateral sinuses. The cotyle, partially preserved 
in one vertebra, seems to have been most probably circular. UU 
AL 3590 is an anterior trunk vertebra and is rather incomplete 
(Figure 9(J)–(L)). Similarly to UU KR2 5018, it is also charac-
terised by a large depth of the subcentral grooves.

Remarks. The vertebrae can be attributed to Colubridae on the 
basis of their gracile structure, their longer than wide centrum, 
the narrow haemal keel (or hypapophysis), the distinct subcen-
tral ridges and subcentral grooves, and the gracile zygosphene 
(Rage 1984; Szyndlar 1984, 1991a, 1991b; LaDuke 1991; Holman 
2000). This taxonomic attribution is further supported by the fact 
that, although the anterior margin of all vertebrae is damaged, 
the distinct foramen in one specimen (UU KR2 5018) situated on 
the right side in anterior view indicates that paracotylar foramina 
were probably present. Due to the damaged ventral portions of 
all vertebrae, it is not possible to determine whether the structure 
on the ventral surface of the centrum represents a haemal keel or 
a hypapophysis, although the presence of the former structure 
(haemal keel) might be more probable. As such, we refrain from 
assigning the Aliveri and Karydia colubrids to either ‘colubrines’ 
or ‘natricines’ (sensu Szyndlar 1984, 1991a, 1991b), although we 
must further acknowledge here that the presence or absence of a 
hypapophysis throughout the vertebral column is a widespread 
and variable feature and it should be dealt with high caution, 
when dealing with taxonomic designations and attributions 
(Pyron et al. 2013; Head et al. 2016).

5018), possesses a relatively small zygosphenal facet of oval to 
sigmoid outline in lateral view (Figure 9(A)–(E)). A large lateral 
foramen is situated below the rather sharp interzygapophyseal 
ridge. Its orifice occurs in the vicinity of the dorsal margin of 
the rather deep and anteroposteriorly slightly enlarged wide 
depression. The ventral margin of the depression is bordered by 
a peculiar, distinct sharp crest, which extends from the caudal 
margin of the unpreserved synapophysis as far as the two thirds 
of the length of the subcentral ridge. This highly distinct ridge 
that lies between and almost parallel to the interzygapophyseal 
and the subcentral ridges is herein termed as ‘paracentral ridge’. 
The subcentral ridges are rather prominent. They are straight 
and extend as far as the posterior border of the pedicle. Due 
to the incomplete nature of the specimen, it cannot be certain 
whether the vertebra possessed a haemal keel or a hypapophy-
sis, although the former structure (haemal keel) seems to have 
been more probable. The rather narrow haemal keel (or short 
hypapophysis) is broken off close to its base. In dorsal view, the 
zygosphene has distinct lateral lobes and a wide medial lobe. The 
base of the neural spine rises rather anteriorly, at about half of the 
length of the zygosphenal facet. In ventral view, the subcentral 
grooves are rather deep. The subcentral foramina are rather large 
and are situated at the base of the significantly thin haemal keel/
hypapophysis. Their orifices are directed anteriorly. The posterior 
section of the haemal keel/hypapophysis is situated on a trian-
gular-shaped elevation, this feature providing relative support 
for the presence of a haemal keel instead of a hypapophysis. The 
anterior portion of the haemal keel/hypapophysis of the sec-
ond posterior trunk vertebra from Karydia (UU KR2 5019) is 

Figure 9. colubridae indet. from Karydia-2 (a–i): posterior trunk vertebra (UU Kr2 5018) in anterior (a), right lateral (B), dorsal (c), ventral (D), and posterior (E) views; 
posterior trunk vertebra (UU Kr2 5019) in anterior (F), left lateral (g), dorsal (H), and ventral (i) views; colubridae indet. from aliveri (J–l): anterior trunk vertebra (UU al 
3590) in posterior (J), ventral (K), and right lateral (l) views.
scale bars = 1 mm. abbreviations: cd, condyle; hk, haemal keel; ir, interzygapophyseal ridge; lf, lateral foramen; nc, neural canal; pcr, paracentral ridge; scf, subcentral foramen; scg, subcentral 
groove; scr, subcentral ridge; sctt, subcotylar tubercle; zy, zygosphene.
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12   G. L. GEORGALIS ET AL.

as it clearly does not form a triangle and is not united with the 
subcentral ridge, and is also well projecting across most of the 
vertebra’s lateral surface. Furthermore, we do not consider that 
this, apparently apomorphic, feature is the product of a pathol-
ogy, since it is present symmetrically in both lateral views of the 
vertebrae and is present in both specimens from Karydia (not 
preserved in the Aliveri specimen). We were only able to identify 
a similar, but not identical, feature in the trunk vertebrae of the 
extant Asian snake Boiga sp. (specimen MDHC 137), although it 
is differently shaped and not as prominent as in the Greek fossils. 
Curiously, this feature on the vertebrae of Boiga was not men-
tioned at all by Ikeda (2007), and it cannot also be ascertained 
from the photographs provided in that publication. Of course, 
we are not implying a close relationship among Boiga and the 
Greek colubrid solely on the basis of this feature. Besides, their 
vertebrae are rather different in terms of general shape, size, and 
shape of vertebral structures. In any case, the presence of this 
unique feature, the paracentral ridge, and the combination of 
the other characters described above probably denote that the 
colubrid from Karydia and Aliveri is a new taxon. However, on 
the basis of the scarceness of the material and the rather incom-
plete and fragmentary nature of all specimens, we refrain from 
naming it as a new species.

Viperidae Oppel, 1811
Viperidae indet. (Figure 10)

Material. AL1a: an incomplete fang (UU AL 3592).
Description. The fang is incomplete and has its base unpreserved. 
The apical termination is slightly curved, with a wide pulpal 
cavity and venom canal situated anteriorly in central position 
(Figure 10). In dorsal view, the base of the entrance orifice, which 

Whereas the caudal vertebra UU KR2 5025 and the two 
vertebral fragments (UU KR2 5020 and AMPG KR3 020) are 
not informative, the other three colubrid specimens (UU AL 
3590, UU KR2 5018, and UU KR2 5019) are characterised by 
a combination of peculiar features and therefore, enable us to 
provisionally identify them as belonging to the same taxon. 
More particularly, the most striking features of this taxon are: 
(1) in lateral view, a highly distinct ridge, herein defined with 
the newly introduced term ‘paracentral ridge’, which is situated 
above the subcentral ridge and extends from the posterior mar-
gin of the diapophysis up to about half of the centrum length; (2) 
in ventral view, an almost triangular and rather highly elevated 
surface surrounding the posterior part of the haemal keel (or 
hypapophysis); (3) a prominent, deep and narrow haemal keel 
(or hypapophysis) with the ventral margin being sharp along its 
entire length; (4) prominent subcentral grooves; (5) rather sharp 
subcentral ridges which are strongly built; (6) rather large sub-
central foramina with their orifices directed anteriorly; (7) large 
lateral foramina, situated in deep depressions; and (8) in dor-
sal view, a trilobate zygosphene, with distinct lateral lobes. The 
herein newly defined ‘paracentral ridge’ appears to be a unique 
feature and in fact has never been previously described in fos-
sil or extant snakes (e.g. Szyndlar 1984, 1991a, 1991b; Holman 
2000; Szyndlar 2005; LaDuke 1991). It is worth noting that in 
certain colubrids, the anterior portion of the subcentral ridge 
forms sometimes an elongate triangle whose tip is directed pos-
teriorly, as if the ridge was forked anteriorly in two branches, a 
ventro-medial and a dorso-lateral one (J-C. Rage, pers. comm., 
December 2017). The paracentral ridge that is observed in our 
Greek fossil material, however, does not correspond to that case, 

Figure 10. Viperidae indet. from aliveri: isolated fang (UU al 3592) in lateral (a), posterior (B), anterior (c), and dorsal (D) views.
scale bars = 1 mm.
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HISTORICAL BIOLOGY   13

originated from the dentine folding throughout ontogeny. 
This mode of venom canal development is typical for viperids 
(Jackson 2002; Zahradnicek et al. 2008). The fangs of elapid 
snakes differ by the presence of a distinct anterior groove con-
necting entrance and discharge orifices (Kuch et al. 2006). The 
distinct lateral grooves which stretch along the entire length of 
the fragment are rather unusual in viperids although short lateral 
grooves frequently occur in both crotalines and viperines at the 
vicinity of the fang base (see Figure 2 in Ivanov 1999; MI, pers. 
obs.). The preserved specimen from Aliveri is too fragmentary 
for a more precise determination at the subfamily level. However, 

is situated in the anteriormost proximal part of the fragment, is 
indicated by the distinction of the dentine folds which form the 
anterior closure of the venom canal (Figure 10(D)). In anterior 
view, there is a distinct suture close to the distal termination of 
the fragment. This suture turns proximally into a narrow groove, 
which diminishes in front of the entrance orifice base where the 
fang surface is completely smooth. The discharge orifice is not 
preserved. A wide groove occurs on either lateral side of the fang 
along its entire length.
Remarks. The single, isolated fang from Aliveri can be assigned 
to viperids on the basis of the presence of a venom canal which 

Figure 11. serpentes indet. from aliveri (a–B): fragment of the anterior part of a left pterygoid (UU al 3529) in medial (a) and labial (B) views. serpentes indet. from 
Karydia-3 (c–E): posterior caudal vertebra (aMPg Kr3 021) in anterior (c) and left lateral (D) views; posterior caudal vertebra (aMPg Kr3 022) in ventral (E) view. serpentes 
indet. from Karydia-2 (F–J): cloacal or anterior caudal vertebra (UU Kr2 5022) in right lateral (F), dorsal (g), ventral (H), anterior (i), and posterior (J) views.
scale bars = 1 mm. abbreviations: cd, condyle; ct, cotyle; es, epizygapophyseal spine; hm, haemapophysis; hyp, hypapophysis; lf, lateral foramen; ly, lymphapophysis; nc, neural canal; ns, neural 
spine; pof, postzygapophyseal facet; scf, subcentral foramen; scg, subcentral groove; scr, subcentral ridge.
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14   G. L. GEORGALIS ET AL.

Material. AL1a: four fragments of tooth-bearing bones (UU AL 
3522, UU AL 3523, UU AL 3525, and UU AL 3526), a caudal ver-
tebra (UU AL 3527), and fragments of a vertebra and a maxilla 
(UU AL 3528). AL1b: a pterygoid (UU AL 3588) and a humerus 
(UU AL 3589). KR3: a caudal vertebra (AMPG KR3 025) and an 
osteoderm (AMPG KR3 009).
Remarks. The above mentioned specimens from Aliveri are 
either too poorly preserved or they lack significant diagnostic 
features for a more precise taxonomic attribution. As such, they 
are attributed only to indeterminate squamates. Similarly, the two 
specimens from Karydia-3 represent skeletal elements of lizards 
that are considered not to bear significant diagnostic features. 
Nevertheless, the caudal vertebra is rather small-sized (centrum 
length is less than 2 mm) and could therefore belong to the pre-
viously mentioned small-sized lacertid. The osteoderm, on the 
other hand, is different from anguid ones in shape, general mor-
phology and ornamentation, being more similar to supraocular 
osteoderms of, e.g. lacertids. Given that, it could also belong to 
that clade.

Discussion

Biogeographic implications of the Aliveri and Karydia 
herpetofaunas

Both Aliveri and Karydia share common herpetofaunal elements, 
such as alytids, lacertids, and colubrids (Table 1). Notably, how-
ever, crocodylians, chamaeleonids, and viperids are known from 
Aliveri but are absent from Karydia, whereas the opposite case 
is known for salamanders. Of course, with the limited material 
currently available, it is not possible to state whether such faunis-
tic differences among the two localities are indeed genuine and 
could imply ecological differences, or they are simply biased by 
taphonomical or incomplete collection factors. Definitely, how-
ever, the fact that Karydia has yielded significantly lower amount 
of fossil specimens in comparison with Aliveri might partially 
explain such faunistic differences among the two localities.

a possible taxonomic attribution to Viperinae could be indirectly 
supported by a biogeographic rationale, as Crotalinae are only 
known in Europe with certainty from the late Miocene (MN 9) 
of Ukraine (Ivanov 1999).

Serpentes indet. (Figure 11)
Material. AL1a: a fragment of the anterior part of a left pterygoid 
(UU AL 3529). AL1980NQ: a vertebra (UU AL 3591). KR2: a 
cloacal or anterior caudal vertebra (UU KR2 5022), two fragmen-
tary vertebrae (UU KR2 5023 and UU KR2 5024), and a cloacal 
or anterior caudal vertebra (UU KR2 5021). KR3: a fragment of a 
pterygoid (AMPG KR3 013), and two posterior caudal vertebrae 
(AMPG KR3 021 and AMPG KR3 022).
Remarks. These cranial and postcranial remains from Aliveri 
and Karydia are too fragmentary and incomplete to permit a 
more precise identification within snakes. It is worth noting, 
however, that one of these specimens, UU KR2 5022, seems to 
demonstrate a mixed character set between colubroids and boo-
ids (Figure 11(F)–(J)). This vertebra most probably originates 
from the cloacal region, as it can be judged by the presence of a 
strongly built, short hypapophysis and the preserved base of the 
ventral ramus of the left lymphapophysis, although an alternative 
origin from the anterior caudal region cannot be excluded. The 
relatively massive structure of the vertebra UU KR2 5022, with 
a strongly built neural spine and short hypapophysis, as well as 
the absence of paracotylar foramina, is reminiscent of certain 
Booidea (e.g. Rage 1984; Szyndlar and Rage 2003), but the ratio 
of a centrum length/neural arch width >1 and a condyle situ-
ated on a rather long neck are not typical for cloacal vertebrae 
of Booidea and are mostly characterising colubroids (e.g. Rage 
1984). To make things even more complicated, several non-py-
thonid booids, both extinct (e.g. Bavarioboa) and extant (e.g. 
Boa), are also known to possess paracotylar foramina, in at least 
some of their vertebrae (Szyndlar and Rage 2003), rendering 
obscure the taxonomic reliability of this character. As such, we 
herein refrain from identifying UU KR2 5022 as a booid and 
prefer to refer it as Serpentes indet.

Squamata indet.

Table 1. Known occurrences of amphibians and reptiles in the early Miocene of greece.

Data from: aliveri-georgalis, Villa, and Delfino (2016b) and this paper; Karydia-this paper; Kymi-römer (1870); Nostimo-georgalis et al. (2013); lapsarna Vasileiadou  
et al. 2017.

Aliveri (MN 4a) Karydia (MN 4a) Kymi (MN 3/4)
Nostimo  

(Burdigalian) Lapsarna (?MN 3)
?Mioproteus sp. +
Urodela indet. +
Latonia cf. gigantea +
cf. Latonia sp. +
anura indet. + + +
Nostimochelone lampra +
testudines indet. + +
crocodylia indet. + + +
Chamaeleo cf. andrusovi and chamaeleonidae indet. +
lacertidae indet. + + +
scincomorpha indet. + +
cf. Ophisaurus sp. +
anguinae indet. + +
Python euboicus +
?Natricinae indet. +
colubridae indet. + +
Viperidae indet. +
serpentes indet. + + +
squamata indet. (non-snake squamates) + + +
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The isolated snake fang from Aliveri denotes the presence of 
viperid snakes in Greece already by the early Miocene, being the 
oldest representative from that clade in the region, a presence 
that culminated with the magnificent Laophis crotaloides Owen 
1857, one of the largest known viperids, from the Pliocene of 
Thessaloniki area (Georgalis, Szyndlar, et al. 2016).

Frogs of the genus Latonia in the early Neogene of 
southeastern Europe

Latonia is a genus of discoglossine alytid frogs that thrived in 
Europe from the late Oligocene up to the early Pleistocene (Roček 
1994, 2013; Delfino 2002), becoming the most common alytid 
in the continent during the Miocene. The genus may have also 
been present during the early Oligocene, considering a mention 
of Latonia aff. vertaizoni from Quercy (Rage 2006), however, this 
material is undescribed and still awaits a formal documentation. 
Starting from the Pliocene, the European range of Latonia under-
went a southward directed contraction, which eventually resulted 
in its local extirpation during the Pleistocene. It has been sug-
gested that this extinction event has been linked to Pleistocene 
climate change (Roček 1994). Nevertheless, Latonia has been 
documented in the early Pleistocene of Anatolia (Vasilyan et al. 
2014) and it is also now known that the genus has survived in 
the Middle East, where the only extant representative, Latonia 
nigriventer (Mendelssohn and Steinitz 1943) still exists, being 
its sole living representative (Biton et al. 2013, 2016). Although 
several taxa have been assigned to this genus, it is now generally 
accepted that only four valid extinct species are known from 
Europe (Roček 1994): Latonia seyfriedi Meyer, 1843 (type spe-
cies), Latonia gigantea (Lartet, 1851), Latonia ragei Hossini, 1993, 
and Latonia vertaizoni (Friant, 1944).

The remains of Latonia from Karydia-3 share a similar mor-
phology and size with juveniles of Latonia gigantea, notwith-
standing the possible presence of the foramen for the occipital 
artery. Assuming that our attribution of these fossils to Latonia cf. 
gigantea is correct, Karydia-3 would be one of the southernmost 
localities from which this species (or at least a morphologically 
rather similar form) is reported. As a matter of fact, the new 
Greek occurrence adds to the tentatively attributed remains from 
the Gargano palaeoisland in Southern Italy (Delfino 2002) and 
to the recently described remains from Catalonia in the Iberian 
Peninsula (Villa et al. 2017). This supports the hypothesis that the 
seemingly poor representation of L. gigantea in the Mediterranean 
area, compared with the fossil record of that species in the rest 
of Europe (Roček 1994, 2013), might be an artifact of either 
misidentification or overlooking of fossil remains, rather than a 
real absence from the area. Further studies on Latonia remains 
that are currently unassigned to the species level and originate 
from other localities in the southern European peninsulas might 
shed more light on this issue. Indeed, recently described remains 
(an ilium and an urostyle) from the early Miocene of Sibnica, 
Serbia, have been attributed to Latonia cf. gigantea (Đurić 2016), 
though they were not figured and, as such, we cannot confirm 
their identity. It has to be noted, however, that neither ilia nor 
urostyles are usually considered diagnostic for Latonia species, 
and therefore the identification of the Serbian material must be 
treated with caution. Moreover, remains from Karydia-3 could 
also represent the oldest occurrence of the species, given that this 

The single known salamander element from Karydia is not 
informative for a precise taxonomic identification, but still rep-
resents, along with a recently described probable proteid from 
Lapsarna (Lesvos) (Vasileiadou et al. 2017), the oldest urodelan 
remains from Greece, both being also the sole Neogene occur-
rences from the country. The frog remains from Karydia (and 
potentially also Aliveri) document the presence of Latonia for 
the first time in Greece and are fully concordant with the wide-
spread European range of that genus during the early Neogene 
(Roček 1994; see also below). The fragmentary nature of the 
Aliveri and Karydia turtle specimens does not permit any fur-
ther biogeographic assumption, but nevertheless, these constitute 
the oldest such remains from Greece, along with the holotype 
of Nostimochelone lampra from the Burdigalian of Nostimo 
(administrative region of Western Macedonia) (Georgalis et al. 
2013). Crocodylians are rather rare in the Greek fossil record, 
and as such, they had only recently been described for the first 
time from the late Miocene of Plakias (Crete) (Georgalis, Villa, 
Vlachos et al. 2016) and soon after from the early Miocene of 
Lapsarna (Lesvos) (Vasileiadou et al. 2017). In any case, the new 
Aliveri remains demonstrate that crocodylians were more wide-
spread in the early Miocene of the region, a situation consistent 
with similar finds from the Oligo-Miocene of Turkey (Schleich 
1994; Sen et al. 2011). As for the lizards, the presence of a cha-
maeleonid in Aliveri was recently shown to support a probable 
Greek pathway for this African clade that could have used the 
‘Gomphotherium Landbridge’ for its dispersal (Georgalis, Villa 
and Delfino 2016). Newly described chamaeleonid remains from 
the early Miocene (MN 4) of Sibnica, Serbia (Đurić 2016) suggest 
that chameleons were more widespread faunal elements in the 
southern Balkan localities of that time, than what was previously 
thought. This clade is still absent from the as of yet poor fossil 
record of squamates from Anatolia. The herein described lacer-
tids from Aliveri and Karydia, along with the recently described 
Lapsarna material (Vasileiadou et al. 2017), demonstrate that 
these lizards were already widespread in Greece already by the 
early Miocene and would since then continue to be a common 
element of the Greek herpetofaunas. Indeed, lacertids were also 
described from late Miocene localities of the region (Richter 
1995; Georgalis et al. 2017a) and they are currently the dominant 
(in terms of diversity) reptile group on the European continent 
(Arnold et al. 2007; Sindaco and Jeremčenko 2008). The Aliveri 
and Karydia anguids are the oldest representatives of this clade 
from Greece, though they have been described from the early 
Miocene of Sibnica, Serbia (Đurić 2016) and various coeval local-
ities from Turkey (Čerňanský et al. 2017), confirming their wide 
distribution in the area already by the early Neogene. The appar-
ently bizarre colubrid snake from Karydia and its potentially 
conspecific form from Aliveri seem to possess unique autapomo-
phies that are otherwise unknown in extinct and extant European 
snakes, most significantly the presence of a new vertebral feature 
that is herein termed as ‘paracentral ridge’. The skeletal anatomy 
of extant African and Asian snakes is poorly documented so it 
is currently impossible to identify the presence of a paracentral 
ridge in modern taxa and to assess its potential diagnostic impor-
tance. Considering, however, that this feature is totally absent in 
all European extinct and extant snakes, it seems plausible that 
the herein newly described early Miocene Greek colubrids could 
represent a shortly lived radiation with African or Asian origin. 
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after their last occurrence, whereas other clades were inevita-
bly driven to their final demise and extinction. Two amphib-
ian clades, bufonids and pelodytids, that had been recorded 
from Europe in the Paleocene and Eocene respectively, but not 
known then after, reappeared again in the continent, with new 
representatives at the early Miocene (Rage 2003, 2012; Rage and 
Roček 2003). Notably also, hylid frogs appeared in Europe during 
the early Miocene (MN 4) for the first time (Rage and Roček 
2003). Moreover, various extant reptile genera, such as the turtle 
Rafetus, the lizards Pseudopus and Varanus, and the snakes Naja 
and Python, made their first European appearance during the 
early Miocene (Szyndlar and Rage 2003; Klembara 2012; Delfino 
et al. 2013; Rage 2013; Georgalis and Joyce 2017; Georgalis et al. 
2017b; Ivanov et al. 2017), although their exact origins are not 
yet fully resolved. The case of Varanus is rather interesting, as it 
marks the reappearance of varanids in Europe, considering that 
this clade was represented in the Paleogene of the continent by a 
different genus (Saniwa) but had become extinct during the late 
Eocene (Rage 2013; Georgalis et al., 2017b). Shinisaur lizards 
became totally extinct in Europe at the early Miocene, with their 
last, sporadic occurrences recorded from the Czech Republic 
and Germany (Klembara 2008; Čerňanský et al. 2015). Viperids 
and elapids became brand new representatives for the European 
snake fauna, as they appeared for the first time in the continent 
at the earliest Miocene (Kuch et al. 2006; Rage 2013; Čerňanský 
et al. 2015; Georgalis, Szyndlar, et al. 2016). In parallel, colubrids 
began to thrive since then, towards an unbalanced competition 
with booids, the snake group that was dominant during the 
Paleogene (Szyndlar 2012). The diversity drop within Booidea 
was rather severe, being labeled in the literature as the ‘Dark 
Period of booid snakes’, and spanning from the latest Oligocene 
to the earliest Miocene (Szyndlar and Rage 2003; Rage and 
Szyndlar 2005). Finally, the enigmatic Choristodera, an ancient 
reptile lineage that originated in the Triassic, made its last global 
appearance in the fossil record during the early Miocene (MN 3) 
of the Czech Republic (Evans and Klembara 2005).

However, there is still a large gap in our knowledge of early 
Miocene herpetofaunas of Europe, which is mostly caused by the 
relative scarcity of localities of this age (especially Aquitanian) in 
the continent (Čerňanský et al. 2015, 2016). Few earliest Miocene 
(Aquitanian) localities have produced amphibian and/or reptile 
remains, the majority of which are turtles. Amphibians, crocody-
lians, and squamates have far more seldom occurrences, mostly 
consisting of fragmentary remains. The situation appears to be 
relatively better for the Burdigalian record, where several locali-
ties are known from Central and Western Europe, with far more 
amphibian and reptile finds and thus providing a better compre-
hension of their herpetofauna. This scarcity of localities severely 
hinders our understanding of important events that took place at 
that time interval. Furthermore, the exact biogeographic routes 
of the dispersals events that took place at that time are not yet 
well defined, as this fact is dramatically hampered by a huge gap 
in our knowledge of southeastern Europe’s early Miocene faunas.

Greek localities from this age interval are rather rare and incom-
pletely studied (Koufos 2006). Moreover, in most of these cases, 
fossil herpetofauna is not the main target of field work or study, 
being frequently neglected in favor of mammal finds (Georgalis, 
Villa, Vlachos et al. 2016). As such, up to that date only few records 
of early Miocene amphibians and reptiles have been described 

locality is considered as probably slightly older than both Dolnice 
(Czech Republic) and Günzburg (Germany), from which the 
oldest published remains of Latonia gigantea are currently known 
(Roček 1994, 2013; Böhme 2003).

In any case, the herein-described Latonia fossils represent 
the first published occurrences of the genus in Greece. Its ten-
tative identification from Aliveri, located relatively far from 
Karydia (more than 300  km straightline distance), suggests a 
rather widespread distribution of these anurans in the southern 
part of the Balkan Peninsula during the early Miocene, a view 
that is also corroborated by their possible presence in the coe-
val Serbian locality of Sibnica. Nevertheless, whether the Aliveri 
remains pertain indeed to Latonia, needs to be confirmed by 
more diagnostic material from this or at least from other coeval 
sites nearby.

Early Miocene herpetofaunas from southeastern Europe

The early Miocene is a rather important time interval for the 
herpetofaunas of Europe, as it witnesses the transition between 
the Oligocene to the Miocene and, therefore, records the turning 
point between a relatively cool and dry Oligocene stage towards 
a much warmer and humid climate in the early Miocene (Rage 
and Roček 2003; Rage 2013; Čerňanský et al. 2015). Moreover, 
this epoch coincides with a wave of new immigrant vertebrate 
taxa that penetrated to Europe, affecting dramatically the autoch-
thonous faunas of the continent (Ivanov 2001; Rage and Roček 
2003; Čerňanský 2012). Several Asian terrestrial taxa are known 
to have dispersed to Europe during the early Miocene, among 
which also reptiles (Ivanov 2001; Szyndlar 2012). Moreover, 
a large number of these dispersals seems to have been facili-
tated by the collision of the Afro-Arabian plate which created 
the so called ‘Gomphotherium Landbridge’ and allowed a wave 
of African terrestrial immigrants to enter Eurasia. This event 
took place at around the MN 3 zone of the early Miocene and, 
as the name readily suggests, resulted in the establishment of 
a land contact between northeastern Afro-Arabia and Eurasia, 
diminishing thus, the marine barrier that was previously sepa-
rating them (Rögl 1999; Koufos et al. 2005; Georgalis, Villa and 
Delfino 2016). This new land corridor acted as a platform that 
enabled dispersals between Eurasia and Afro-Arabia. This dis-
persal event caused radical faunal turnovers, ecological changes, 
substitutions, and extinctions across Europe. Several tetrapod 
terrestrial taxa are known to have dispersed from the Afro-
Arabian continent to Europe, through Anatolia and the Balkan 
Peninsula, among which numerous mammal clades (e.g. Koufos 
et al. 2003, 2005), but also reptiles, such as chamaeleonids and 
cordylids (Čerňanský 2012; Georgalis, Villa and Delfino 2016). 
The opposite kind of dispersal, with a direction from Europe to 
Africa, has been suggested also for other reptiles, such as the 
anguine Ophisaurus (Blain et al. 2013; Čerňanský et al. 2017). 
Moreover, the Miocene Climatic Optimum, the beginning of 
which coincides at around that time period, favored the north-
ward expansion of several thermophilic taxa, such as chamaele-
onids, cordylids, and several crocodylians and turtles, that all 
reached their northernmost distribution by that time (Roček 
1984; Böhme 2003; Čerňanský 2010). As a consequence, new 
clades of amphibians and reptiles appeared in the early Miocene 
Europe for the first time, or reappeared after millions of years 
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and evolution of that amphibian lineage in Europe. The presence 
of a viperid in Aliveri denotes that this snake clade achieved 
a much wider distribution already during the early Neogene 
of Europe, than what was previously thought. We additionally 
identify a colubrid that is characterised by a unique combination 
of features and above all, the presence of an as yet unknown 
vertebral structure in the lateral walls of the centrum, for which 
we here introduce the term ‘paracentral ridge’. The palaeo-
biogeography of the European herpetofauna during the early 
Miocene is discussed. Multiple dispersal events from both Asia 
and Africa, in combination with major climatic changes (begin-
ning of the Miocene Thermal Maximum) resulted in appearances 
of new immigrant taxa, extinction events, and significant faunal 
turnovers that all drastically altered European herpetofaunas. 
The geographic position of Greece at the edge of southeastern 
Europe played an important role in dispersals that were facili-
tated through the collision of the Afro-Arabian plate with Eurasia 
and the emergence of the ‘Gomphotherium Landbridge’ during 
the early Miocene. The newly described specimens from Aliveri 
and Karydia partially fill a gap into our knowledge of the early 
Miocene amphibians and reptiles from this region.
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