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Foreword

When I first started working on fossil mammal material from Greece, the one thing 
I wanted most was something that did not exist: a comprehensive guide to the 
region’s fossil vertebrates. The Fossil Vertebrates of Greece fills this gap admirably, 
marking a major and timely milestone in the synthesis of Greece’s natural heritage. 
For the first time, an account of almost all of the fossil vertebrate species known 
from Greece – from the smallest conodonts to the Titans of the Proboscidea – can 
be found in one place. By bringing these data and knowledge together, The Fossil 
Vertebrates of Greece is more than a regional record of past biodiversity. It makes 
the clearest statement yet that Greece is a treasure-trove of vertebrate fossil history, 
and – thanks to its synthetic nature and the inclusion of vital geographical, geologi-
cal and historical context as well as collections information — it is also a tool that 
will help to unlock a new wave of high-quality, globally important research.

The table of contents for Volume 1 immediately highlights just how remarkable 
the Greek Neogene-Quaternary fossil record is, and in particular its fossil mam-
mals. We are offered glimpses of the Paleozoic and Mesozoic through conodonts 
(Chap. 3) and actinopterygian fishes (Chap. 4), but the richest data is found in 
Neogene deposits, including for fishes. Similarly, for non-mammalian taxa, the 
Greek occurrences of a whole Class or Order can be summarized in a single chapter 
(with Chaps. 6, 7, 8 and 9 covering lizards and snakes, amphibians, crocodilians, 
and turtles and tortoises, respectively). But from here on in, the story is one of mam-
mals from – with the exception of some Oligocene rodents from Kyprinos (Chap. 
15) – the Neogene onwards.

Greece sits at the crossroads to Europe, and this is as relevant to its mammalian 
palaeobiogeography as it is to geopolitics today. From the first European appear-
ance of the deinotheres following the establishment of a land bridge connection 
between Africa and Eurasia in the early Miocene (Chap. 12, to the first appearance 
of our own species, Homo sapiens, in Europe 210 thousand years ago (Chap. 19), 
Volume 1 traces key moments in the emergence of Greece and the impacts of major 
climatic and geological events on the biotic exchanges between Europe, Asia and 
Africa. At the same time, Volume 1 provides clear pointers for future work: the need 
for more and better dating across the board (how many more first appearances are to 
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be discovered, given Greece’s strategic location?); the opportunities for high- 
resolution studies on otoliths (Chap. 5), especially in freshwater setting (the incred-
ible palaeoenvironmental record of Lake Ohrid cries out for just such work); and the 
relative lack of study on basal vertebrate groups, to name but a few examples.

Works like this are a way for a discipline to showcase both its treasures and the 
community that studies them. Our colleagues are saying, ‘We have incredible mate-
rial, and we want you to come and work with us on it’. In this context, the forthright 
look at the history and wider colonial influence on Vertebrate Palaeontology in 
Greece taken by Vlachos and colleagues in these volumes provide powerful lessons 
for new collaborations. The accompanying unflinching but vital assessment of the 
current status of scholarship and research in Greece shows that there is much to be 
proud of, but also much that could be improved. Together, The Fossil Vertebrates of 
Greece becomes more than a major work of scholarship, it is a catalyst for change.

The birth and development of our discipline coincided with the birth and devel-
opment of the modern Greek nation, and the influence of the Western powers that 
shaped and buffeted nineteenth and early twentieth century Greek politics is appar-
ent in the flow of fossil vertebrates from Greece to collections in London, Paris, 
Vienna and Munich. The international scattering of these specimens – many of them 
illegally, like the fossils of Mammuthus creticus from Cape Maléka that Dorothea 
Bate deliberately and knowingly smuggled out of Crete (they are now in the NHM, 
London) – is emblematic of the struggle Greek palaeontologists have faced from the 
outset. Vlachos highlights the lack of both a national museum of natural history and 
a national palaeontological society as key hurdles to the progression of Greek pal-
aeontology, as evidenced by the lag in scientific milestones for first Greek men, and 
then Greek women. He does not need to join the dots between this and the historical 
legacy of foreign research in Greece; it is obvious.

I am proud to have a research connection to Dorothea Bate, the first woman to 
have described a Greek vertebrate fossil species. I have benefitted not only from 
easy access to her Greek specimens, but also the strong personal connection to 
Greek palaeontology that Bate’s story gave me. This helped engender a feeling of 
‘belonging’ to a place I had never visited, giving me the confidence and desire to 
pursue research there. I am so grateful for this last aspect especially, and the adven-
tures, discoveries and friendships it spurred. But by not troubling myself to learn 
about, let alone face up to, the full colonial legacy on the history of Greek palaeon-
tology, I did not fully appreciate just how generous, kind and open my Greek col-
leagues have been towards collaboration, when they must surely have felt some 
degree of chagrin at yet another foreigner trying her luck in their backyard. My 
gratitude to them is now even more profound.

Science is at its best when it is collaborative, open and international, and this is 
exactly what synthetic works like The Fossil Vertebrates of Greece foster as they 
facilitate access to knowledge, sites and material. But we should all be alert to the 
imbalance in advantage that the hand of history has dealt and ensure we don’t repeat 
the same mistakes. I can’t help wondering, for example, how the course of Greek 
palaeontological history might have run differently had the pioneering discoverer of 
Mammuthus creticus someone whose surname ended in –ακη? Might she have 
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inspired and supported a whole host of other Greek female pioneers? These connec-
tions do matter and are wonderful to trace  – like the pioneering women linked 
through Petralona Cave  – from Anna Petrochilou’s first exploration of the site 
through the first description of a new Greek fossil species – a horse from Petralona 
Cave – by a Greek woman, Evangelia Tsoukala, to Katerina Harvati’s pioneering 
work on the Petralona hominin skull. And rather neatly, Spyridoula Pappa’s work 
with Tsoukala on the ursids from Petralona Cave (Chap. 21 in Vol. 2) joins these 
pioneers back to Dorothea Bate: Pappa is now curator of fossil mammals at the 
NHM, London, with Bate’s fossils (including M. creticus) under her care.

Looking to the future, The Fossil Vertebrates of Greece will be the benchmark for 
both the state of knowledge, and the demographics, of Vertebrate Palaeontology in 
Greece, and for Greek vertebrate palaeontologists globally. It will be the baseline 
from which progress can be measured, and even greater strides can be made. The 
Who’s Who of authors in these volumes, from emeritus professor to up-and-coming 
student, is testament to a time of unprecedented activity and scholarship. The out-
standing effort to reflect the current diversity of Greek vertebrate palaeontology 
researchers, especially women active in the field, in the author list regardless of 
seniority sews the seed for change, and the hope for a more equitable future.

It is always impossible in a foreword to do justice to a work of scholarship, espe-
cially one of such breadth at this, encompassing a fossil record that stretches from 
the Palaeozoic to the Holocene, and that showcases the discoveries and achieve-
ments of so many dear colleagues. But I predict that, in 10 years’ time, there will be 
ground-breaking projects, research networks and collaborations – and the research 
positions that stem from them – that will trace their origins back to these two vol-
umes, and the names therein. In that sense, The Fossil Vertebrates of Greece will 
speak for itself in the legacy it leaves.

Department of Life Sciences 
Natural History Museum
London, UK  

Victoria Herridge

Foreword
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Preface

Each young student of vertebrate paleontology in Greece quickly learns about two 
important dreams of every Greek paleontologist: the creation of a National Museum 
of Natural History and the necessity of a volume that summarizes the fossil record 
of vertebrates from Greece. My case was not different. Fueled by the dreams and 
ideas of my former supervisor, Prof. Evangelia Tsoukala, those dreams became my 
dreams as well. To my mind, these two important goals are connected: a National 
Museum of Natural History would lead to the publication of such a book eventually. 
Similarly, the existence of a book about the fossil record of Greek vertebrates would 
highlight the necessity of a National Natural History Museum and would assist in 
its creation.

The fossil record of Greek vertebrates preserves important information that help 
formulating several ideas on the evolution of life in the area, especially for the last 
25 million years in the case of terrestrial environments. In the case of marine envi-
ronments, however, Greek fossils trace back to the Mesozoic and Paleozoic as well. 
Some Greek localities, such as Pikermi near Athens, Samos Island in the Aegean, 
and Petralona Cave near Thessaloniki are among the most famous fossil localities in 
the world. Greek fossils form important parts of the collections and exhibitions of 
numerous international museums of natural history.

As soon as I was given the chance, I decided to pursue one of these two dreams, 
the publication of a high-quality volume that would review the fossil record of 
Greek vertebrates. It was February 2017 when the original plan for this project was 
made, and immediately the challenges of this task were clear. The need to gather 
most of the active paleontologists with first-hand experience and research on these 
fossils, organize the chapters, design numerous high-quality figures depicting the 
most important fossils, go through an extensive literature search, and bring all this 
heterogeneous information together into a book. Fortunately, my teachers, profes-
sors, colleagues, and friends answered the call and blessed me with their trust to 
organize this project. Almost 4 years later, this project grew into a two-volume book 
with a combined length of more than 1300 pages with more than 300 figures and 
maps, arranged in 42 chapters written by 31 different scientists.
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This project is divided into two volumes, the first one covering basal vertebrates, 
amphibians, reptiles, afrotherians, glires, and primates, whereas the second deals 
with laurasiatherians, artiodactyles, perissodactyles, carnivorans, and island endem-
ics. Each volume is organized in chapters per taxonomic group (in most cases per 
family), containing the most up-to-date information on the systematics, taxonomy, 
distribution, and evolution of each clade. Each chapter contains maps and tables 
with all known vertebrate occurrences from Greece. The most important and well- 
preserved fossils are illustrated. Our aim is to present detailed information of all 
valid vertebrate species with special emphasis on taxa whose type locality is in 
Greece. Some chapters are quite extensive, whereas others are quite brief, reflecting 
the alpha diversity of the given group in the fossil record of the country. Even so, 
this project is not complete: for different reasons, chapters on some important clades 
are missing. But given the circumstances during the last 4 years, we have done our 
utmost best to present the most complete and inclusive result possible.

The documented vertebrate assemblage has a long and complex evolutionary 
history. Since its appearance in the geological record, Greece stands in between 
three continents, Europe, Asia, and Africa, playing an important role on our under-
standing of the events that shaped the biota in the Eastern Mediterranean through 
time. As such, Greek vertebrates have multiple origins that can be inferred by known 
dispersals from the surrounding areas, as well as some vertebrates that represent 
native, endemic, forms of life. The geological and tectonic complexity of the region 
has further affected the evolution of Greek vertebrates leading to its unique 
extant fauna.

This book primarily addresses all those who are looking for a detailed account of 
the evolution of life in Greece: the scientific community, paleontologists and neon-
tologists, teachers and professors, students, and researchers from Greece and 
abroad. However, because of the numerous figures and illustrations, this book could 
be useful for a wider audience as well. It summarizes work done in Greece by many 
generations of Greek and foreign paleontologists, providing a state of the art of the 
taxonomy and systematics of fossil vertebrates from Greece. This monumental task 
also has pointed out several areas of potential future research. As such, I hope that 
this book will prove to be a useful reference and research tool for future generations 
of paleontologists working with the amazing fossils from the country. I do not pre-
tend that this project will be the final word on the fossil record of vertebrates in 
Greece. To the contrary, I view this project as the starting point for similar efforts in 
the future, which will fill the gaps, correct the mistakes, and expand the information 
presented herein.

Trelew, Argentina  Evangelos Vlachos  

Preface
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Spellings of Toponyms and Personal Names

The reader should understand that the spelling of most of the Greek localities with 
fossil vertebrates varies in the literature and might vary in the chapters of this vol-
ume as well. In many cases, some localities are known from two or more completely 
different names. Whereas we opted for the most uniform result, in some cases the 
choice between these different spellings and/or names depends on personal prefer-
ences of the authors and historical usage, which are respected herein. To avoid con-
fusion and ambiguity, the great majority of the localities in the tables herein is 
accompanied by the collection number in the Paleobiology Database. To some 
extent, the same problem exists with some Greek personal names.
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Introduction to the Study of Greek Fossil 
Vertebrates

Evangelos Vlachos

1  Vertebrates

Vertebrates (Chordata: Vertebrata) are animals closely related to other animals 
with a notochord, namely, the lancelets (Cephalochordata) and ascidians 
(Urochordata). Although traditionally considered as subphyla of the phylum 
Chordata, a recent review by Irie et al. (2018) proposes the recognition of Vertebrata 
as a separate phylum, because of new evidence from comparative genomic, gene-
expression, and morphological studies. Chordates form a natural or monophyletic 
group defined by several shared derived characters (or synapomorphies) which 
separate them from other deuterostomians: the presence of an endostyle, the pres-
ence of a dorsal and hollow nerve cord, the presence of a notochord and myomeres, 
and the presence of a postanal tail (de Iullis and Pulerá 2019). Vertebrates are, of 
course, animals that have a backbone; however, this simplistic definition does not 
hold against modern definitions of this clade. During the last two decades, exten-
sive discussions on the definition of vertebrates took place, especially considering 
the relationships between vertebrates without jaws (e.g., lampreys and hagfishes) 
and vertebrates with jaws (i.e., gnathostomatans). Lampreys possess only rudimen-
tary vertebrae, termed arcualia, considered as precursors of true vertebrae (de Iullis 
and Pulerá 2019). Solving the relationships between these three groups was crucial 
to define Vertebrata: the currently accepted scheme groups lampreys and hagfishes 
(= cyclostomatans) which form the sister group of jawed vertebrates (= gnathosto-
matans) (de Iullis and Pulerá 2019 and references therein). Vertebrates are defined 
by several synapomorphies: two rounds of genome-wide duplication, full reper-
toire of neurogenic placodes, a neural crest, the formation of tripartite brain, at 
least one set of semicircular canals in the ear, and the presence of arcualia (de Iullis 
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and Pulerá 2019 and  references therein)—the last character is the modern expres-
sion of the classical phrase “vertebrates are animals with backbone.”

As vertebrates are composed of several and many hard parts, they have an impor-
tant potential for fossilization in terrestrial and marine environments. There are 
more than 50,000 collections with more than 245,000 occurrences of vertebrates 
around the world, covering the entire Phanerozoic (Paleobiology Database 2020). 
Greece holds more than 3000 occurrences from more than 500 collections of fossils. 
The actual number of fossil specimens is impossible to calculate precisely at the 
moment. Considering each individual as a single specimen, even my most conserva-
tive and preliminary estimations suggest that 50,000 fossil individuals is a realistic 
starting point—the actual number of fossil specimens is higher as many of these 
individuals are represented by several specimens of their skeleton. Considering that 
Solounias (1981) calculates that only from Samos more than 30,000 specimens are 
dispersed around the world, my estimation herein is certainly a quite conserva-
tive one.

Data Statement The data and information used to perform the basic analyses that 
support the statements in the following sections are based on the list of references 
of the various chapters in this book and the Paleobiology Database.

2  The Fossil Treasures of Greece

The history of vertebrate fossils in Greece starts in the 1830s with Pikermi (Attica, 
near Athens), arguably the most famous and one of the most important fossiliferous 
localities of the country. The discovery of the locality is credited to the Scottish 
historian G. Finley who spotted bone accumulations in the Pikermi ravine, during 
prospection of the area in 1836. Together with the help of the German ornithologist 
A. von Lindermayer, they continued exploring the area and made the first excava-
tions there (Symeonidis and Theodorou 1989; Roussiakis et al. 2019). The next part 
of the story is a classic one: the diamonds of the Bavarian soldier! The tale goes that 
in 1838 a Bavarian soldier, who presumably participated in the excavations of 
Finley and Lindermayer, took to Munich some fossils from Pikermi (Woodward 
1901). Some of them contained calcite crystals in their cavities, which he thought 
were diamonds (Gaudry 1862–67). The zoologist A. Wagner immediately refuted 
the treasure find of the soldier, only to suggest that the real “treasure” was some-
thing else: amazing fossils of extinct animals, including the maxilla of the cercopi-
thecid Mesopithecus Wagner, 1839.

The publication of Wagner (1839) should be considered as the official beginning 
of vertebrate paleontological research in Greece. There are some earlier mentions of 
fossil discoveries from Greece by Finley, Jameson, and Goldfuβ (for further infor-
mation, see Athanassiou (n.d.) volume 2; Giaourtsakis (n.d.) volume 2), but these 
works contained simple mentions without any actual study of the fossils.
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Almost immediately, several excavations took place in Pikermi, enriching collec-
tions in the country and abroad: J. R. Roth in 1852–1853, H. Mitzopoulos in 1853, 
A. Chairetis in 1854, A. Gaudry in the winter of 1855–1860 and summer of 1860, 
W. Dames in the 1880s and 1890s, M. Neumayer and L. von Tausch in 1885, the 
Prince of Orleans in 1888, M. from Dijon in 1895, A.  S. Woodward and Th. 
Skouphos in the turn of the century, and O. Abel in 1912 (Roussiakis et al. 2019).

Around the same time, another famous paleontological area from Greece is dis-
covered: the Adrianos ravine, in Mytilini Basin of Samos Island. The discovery of 
these localities is credited to the C.J. Forsyth Major who collected specimens in 
1885–1887 and also returned later in 1887 and 1889 to search for more fossils 
(Forsyth Major 1894; Koufos 2009). However, fossil mammals from Samos were 
already known by accidental findings given to Italian travelers, now housed in 
Padova (Koufos 2009 and references therein). In the case of Samos, it is likely that 
the fossils were also known much earlier, hidden inside the ancient Greek myths of 
monsters, gods, and amazons (Mayor 2000; Koufos 2009; and references therein). 
Just like in Pikermi, many more excavations took place afterward and by numerous 
people, also enriching collections in European and North American museums: 
T. Stutzel in the end of the nineteenth century, B. Sturtz in 1889–1900, A. Hentschel 
in 1901–1902, E. Fraas in 1901, K. Acker, Th. Skouphos in 1903, and B. Brown in 
1921–1924 (see Koufos 2009 and references therein).

At the beginning of the nineteenth century, the trio of the classical vertebrate 
paleontological localities from Greece is completed. During the World War I (and 
particularly in 1915–1916), the French naturalist C. Arambourg was serving in the 
156th French Infantry Division and discovered fossils in various localities of the 
Axios valley and Thessaloniki area, joined under the term “Salonique”: Ravin X, 
Ravin des Zouaves, Ravin R, Ravin C, Ravin de Vatilük (= Vathylakkos), Ravin de 
Konikovo (= Dytiko), and Falaise de Karabouroun (= Megalo Emvolon). Additional 
collections were made later in the area by Dr. Puyhaubert. These fossils were packed 
and sent to the MNHN of Paris (via Algeria) and formed the subject of the monu-
mental monograph of Arambourg and Piveteau (1929).

These three, in the broad sense, localities (Pikermi, Samos, and “Salonique”) 
form the basis not only of the mammalian paleontology in Greece but also that of 
other vertebrate groups: the legendary Owen (1857) named the first snake from 
Greece, based on some vertebrae from Megalo Emvolon; Gaudry (1862) named the 
first tortoise from Greece, based on some shells from Pikermi; Forsyth Major (1891) 
named the first avian species from Greece and Samos; and Woodward (1901) men-
tioned the first fossils of giant tortoises, from Pikermi.

The leading Greek figure of that time is, without any doubt, Th. Skouphos, who 
not only excavated in both Pikermi and Samos but also initiated the investigations 
in another important paleontological area: the Megalopolis basin in Peloponnesus 
peninsula (see Athanassiou this volume). Skouphos also started the first university 
position on paleontology in 1906, in the Faculty of Natural Sciences of the University 
of Athens. At the same time, he founded the Laboratory and Museum of Geology 
and Paleontology, which are the “ancestors” of the present-day paleontological 
institutions of the National and Kapodistrian University of Athens.
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During this Early Stage of vertebrate paleontological research in Greece—and 
amidst the destruction of the World Wars—paleontological research is mostly 
focused on Pikermi, Samos, and “Salonique,” although fossils from other localities 
from Greece begin to appear. Perhaps the most notable cases include the early inves-
tigations of the endemic vertebrates from Crete (e.g., Simonelli 1894, 1907; Bate 
1907, 1912) and the Early Miocene fossils from Chios (e.g., Paraskevaidis 1940). 
The great majority of the published research during this stage (which contains 
roughly 90 published papers, books, and monographs; Fig. 1) is made by foreign 
scientists and deals with Greek fossils housed in foreign institutions. The most 
important collections are located in BSPM (Germany), MNHN (France), NHMUK 
(UK), and NHMW/IPUW (Austria), including more than 75 holotypes of species 
named from Greek type localities.

Following the end of the World War II, the Intermediate Stage of vertebrate pale-
ontological research in Greece commences. This period is marked by the specific 
focus of enriching or creating fossil collections in national institutions, mostly 
Greek universities and their associated museums. During the Intermediate Stage, 
the number of trained Greek paleontologists with permanent positions gradually 
increases and expands geographically. As a result, Greek paleontologists gradually 
emerge as important and leading authorities on several topics, with an important 
component of foreign collaboration as well. Paleontological research continued in 

Fig. 1 Counts of published papers (red line) and new species (green line) based on Greek fossils 
per year vs. their cumulative growth of knowledge on Greek fossils (blue and orange lines, respec-
tively). The diagram is divided in the three stages that are defined in the text. Some milestones are 
indicated, whereas stars indicate the most prolific years. Abbreviations: f, female; G, Greek author; 
p, published paper; sp, new species (considered as valid at present)
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Athens after the times of Skouphos, with P. Psarianos, M. Mitzopoulos, G. Marinos, 
and N. Symeonidis. During this period, J. Melentis, who started working in Athens, 
moves to Thessaloniki and the School of Geology (former Faculty of Natural 
Sciences) and impulses paleontological research there. The Museum of Geology 
and Paleontology of the University of Thessaloniki opens in 1940 and operates offi-
cially since the 1990. Melentis and Symeonidis are, without any doubt, two leading 
figures of the first part of the Intermediate Stage, forming two poles of paleontologi-
cal research in Thessaloniki and Athens, respectively. They carried out numerous 
excavations in areas like Samos, Attica, Megalopolis, Axios valley, and Crete that 
have been accompanied in many cases by the creation of museums and exhibitions 
and numerous key publications that remain relevant to date. Also, both professors 
invested in training new paleontologists, creating a solid basis for paleontological 
research in the country. As a result, during the last third of the twentieth century, 
additional vertebrate paleontologists joined, both in Athens (M.  Dermitzakis, 
G. Theodorou, C. Doukas, P. Pavlakis) and Thessaloniki (G. Koufos, E. Tsoukala) 
with permanent positions of teaching and research. They continued this legacy, with 
excavations, development of museums and exhibitions, publications and studies, 
formation of new students, and national and international collaboration, causing a 
sharp increase and subsequent accelerated growth in the paleontological knowledge 
of the country after the 1970s (Fig. 1).

During the Intermediate Stage, the classic, now, localities of Pikermi, Samos, 
and “Salonique” are revisited, with new excavations, revisions of the previously 
published materials, discovery of new materials, and applications of new techniques 
and methodologies (see the relevant chapters of this book). New paleontological 
sites are discovered, focusing the interest in adjacent areas (e.g., Western Macedonia, 
Chalkidiki peninsula, Mygdonia basin, Peloponnese, Thessaly, Euboea Island, other 
Aegean Islands). Numerous new exhibitions emerge, holding and preserving impor-
tant new collections of fossils (see next section). The core of permanent paleontolo-
gists and researchers train new doctoral students who will lead paleontological 
research during the transition to the Modern Stage; there is no need to mention their 
names, as they are many of the authors of the various chapters in this book.

During the second half of the twentieth century, the scientific production has 
soared compared to the Early Stage, with more than 411 additional publications 
(Fig.  1). This accumulative information led to amazing new discoveries and the 
descriptions of many new taxa of vertebrates from Greece. These taxa and the local-
ities are extensively covered in the following chapters, and they will not be 
repeated herein.

It is difficult to define a boundary between the Intermediate and the Modern 
Stage of paleontological research, which I consider to be defined by the presence of 
permanent working paleontological teams in Greece and leading studies on verte-
brate paleontology. Also, this varies per taxonomic group and locality. For most 
mammalian families, this transition was achieved already in the 1980s, whereas in 
reptiles, for example, this is a recent phenomenon and occurred in the twenty-first 
century. The Geological Department of the Athens University, containing the oldest 
paleontological research position in the country, has a headstart of almost half a 
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century over the School of Geology of the University of Thessaloniki; the 
Department of Geology of the University of Patras only recently gained a member 
specializing on vertebrate paleontology.

The Modern Stage of paleontological research in Greece—roughly defined 
herein from the beginning of the twenty-first century—finds an unprecedented 
group of highly qualified Greek vertebrate paleontologists, who lead the scene in 
the national and international level. There are at least 20 active researchers with a 
PhD and approximately 10 PhD candidates; more than a third of them are women, 
which have been significantly underrepresented in the previous stages. Adding to 
the names mentioned before, more Greek paleontologists hold now permanent posi-
tions in Greek universities and abroad (e.g., D.S.  Kostopoulos, S.R.  Roussiakis, 
N. Solounias, K. Harvati, G. Iliopoulos, G. Lyras). They have formed teams with 
researchers, permanent staff members, postdocs, and PhD/Master candidates. 
Additionally, permanent or long-term research positions are occupied by vertebrate 
paleontologists in museums (e.g., K. Vasileiadou) and other national governmental 
institutions (e.g., A. Athanassiou). This pool of scientists is actively discovering, 
preserving, and describing the Greek fossil record of vertebrate animals. Almost 
every year, new fossil localities are discovered. During the last decades, even more 
museums and exhibitions have been developed (see below), bringing paleontology 
closer to the public. And only in the last two decades, more than 381 new scientific 
works have been published (Fig. 1); this is nearly as much as the published record 
during the Intermediate Stage, especially if we consider that additional works pub-
lished in 2020 are not counted herein. In several years during the Modern Stage, 
more than 20 new papers per year have been consistently published by Greek verte-
brate paleontologists, marking unprecedented scientific production records. These 
last two decades also saw an increased national collaboration, both intra- and inter- 
institutionally, producing comprehensive and integrated works of global interest 
and outreach. This modern community of Greek paleontologists is much more spe-
cialized and diverse than before, with many scientists specializing in single family 
group taxa and/or to new analytical techniques.

As a result of the growth during the Intermediate and Modern Stages, the fossil 
collections in Greek institutions have grown, now hosting more than 100 different 
holotypes of vertebrate species. LGPUT (Thessaloniki; 52+ holotypes) and AMPG 
(Athens; 41+ holotypes) have been transformed as the two most important institu-
tions in terms of the number of type specimens preserved.

3  Milestones

The purpose of this short section is to mention and draw attention to some important 
milestones related to the published record of the fossil vertebrates from Greece 
(Fig. 1). As it has been mentioned above, the first publication to include studies on 
vertebrate fossils from Greece is that of Wagner (1839), presenting fossils from 
Pikermi. In the same publication, the first ever genus and species is named from 
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Greek fossils: Mesopithecus pentelicus Wagner, 1839, from the Late Miocene of 
Pikermi. Thus, the famous type specimen (BSPM-PIK-AS II.11) should be consid-
ered—objectively, based on the published record—as the first vertebrate fossil to be 
formally described and published from Greece.

The first publication written (at least partly) by Greek authors and dealing with 
some vertebrate fossils is the one of Mitzopoulos et al. (1862), dealing with a gen-
eral report of the specimens in the Physiographic Museum of Athens. Another alter-
native is the work of Skouphos (1905), presenting important elephant fossils from 
Megalopolis. The first new and valid species erected by a Greek, though, came 
much later by Paraskevaidis (1940): Georgiomeryx georgalasi. The first publication 
dealing with vertebrate fossils from Greece and written by a female author is by the 
British pioneer Dorothy Bate (Bate 1905), who also named few years later the first 
species from Greece named by a female author: Elephas (now Mammuthus) creti-
cus from Crete (Bate 1907). The first paleontological publication by a Greek female 
author came 60 years later, when Helene Sakellariou-Mane published some gom-
phothere remains from Axios valley, near Thessaloniki (Sakellariou-Mane 1972). 
However, a special mention must be made to Anna Petrochilou, one of the founders 
of speleological research and exploration in Greece. Although she never studied or 
published fossilized remains in detail, she mentioned fossil vertebrates found in 
many caves that she explored, presented in a series of scientific works in the Bulletin 
of the Hellenic Speleological Society in the 1960s and 1970s. Some of these caves 
described by her would become some of the most prolific fossil vertebrate localities 
in the country. For example, she remarked that the study of the paleontological 
remains from Petralona Cave is mandatory, immediately after the first explorations 
in the cave (Petrochilou 1964; Petrochilos 1965). The first new species named from 
Greece by a Greek female author came even later, when E. Tsoukala (1989) named 
Equus petraloniensis from Petralona Cave. During the last few decades, the partici-
pation of female paleontologists in Greece has been rising, as is clearly evident in 
the list of authors in this volume.

Based on the cited publications herein, the top ten of authors—in terms of total 
number of contributions—have participated in more than half of the available litera-
ture dealing with Greek vertebrate fossils. This list includes (in descending order 
based on the number of their contributions) G.  D. Koufos, D.S.  Kostopoulos, 
E.  Tsoukala, N.  Symeonidis, A.  Athanassiou, J.K.  Melentis, L. de Bonis, 
G. Theodorou, S. Roussiakis, and G. Bouvrain.

In these nearly 900 publications published so far dealing primarily with Greek 
vertebrate fossils, paleontologists have identified and described more than 1100 dif-
ferent species of vertebrates preserved as fossils in the sediments and rocks of 
Greece, collected and excavated in more than 500 different localities in the country 
(Fig. 2). One out of four of these species (at least 254 and counting only those con-
sidered valid herein) was new to science and has been named based on unique type 
fossil specimens from Greece. The extreme majority of these new species (at least 
219 spp.) were mammals; mammalian species represent half of the identified spe-
cies (at least 538 spp.) in the country.
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4  Future Perspectives

The current status is most certainly positive and allows projecting the future of pale-
ontology in the country with optimism. But we shouldn’t forget to evaluate the 
context in which the modern paleontological community has evolved; if anything, 
this has been a tough struggle against extinction. We need to keep in mind, and 
compared to other countries with similarly important vertebrate fossil record, that 
paleontological research in Greece lacks many of the advantages that are frequently 
found abroad. For example, there is no specialized National Paleontological Society, 

Fig. 2 Map of Greece showing the geographic distribution of the most important localities with 
fossils of vertebrates. (Data from the various chapters of this book and the Paleobiology Database. 
Image exported from Google Earth Pro © 2019, map data from US Dept. of State Geographer, 
SIO, NOAA, US Navy, NGA, GEBCO, image from Landsat/Copernicus. Scale bar equals 80 κm, 
North faces upward)
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which could define and preserve our rights and trigger communication, divulgation, 
and growth of the community. This society could also assist in the creation of laws 
specific to fossils and excavations that are placed outside the archaeological context 
of existing legislation; these laws would cover and protect the extreme majority of 
the fossils presented herein. The lack of a National Paleontological Society is also 
partially responsible for the lack of a specialized scientific journal of paleontology 
with a concrete regional focus. In many cases, important works and discoveries are 
rejected from top international journals because of their regional interest, whereas 
at the same time this publishing niche is empty in Greece.

For a long time, and especially during the Intermediate Stage, this niche was 
partly filled with the Annales Géologiques des Pays Hélléniques (1942–2004), a 
journal founded by M.  Mitzopoulos and succeeded by the Hellenic Journal of 
Geosciences—the last volume of this journal was published in 2010. To place it in 
context, and although Annales had a broader earth sciences scope, more than 90 
papers related to Greek fossil vertebrates have been published there, with a publish-
ing frequency that diminished through time, in stark contrast to the overall publish-
ing record that experienced an accelerated growth. It seems to me that a modern, 
open access, regional paleontological journal is essential for the continuous scien-
tific growth of the Greek paleontological community. Finally, a major obstacle on 
the development of paleontological research in Greece is the lack of a clear growth 
plan and associated funding. Only very few of the completed PhD studies have been 
supported by adequate scholarships. Very few of the paleontological excavations 
and field collections received funding from local, national, or international entities. 
Permanent research positions are almost exclusively linked to teaching positions in 
universities. Additional research positions that will not be linked with teaching need 
to be created, otherwise all this recent growth in human resources remains unused. 
Proper and professional preparation laboratories are virtually nonexistent, and the 
preparation of fossils is mainly done through volunteering work by the researchers 
themselves and students, without the assistance of professional preparators. 
Collections are seriously understaffed and poorly financed, and researchers devote 
a lot of their time for curatorial work; the preservation of important type specimens 
and other unique fossils is left to the responsibility of the scientists alone. At least, 
many regional museums and exhibitions have been developed (Table 1) and in sev-
eral cases provide high-quality exhibits and fulfill an important educational and 
touristic role. Even so, in many cases they lack a clear plan of viable development 
which would permit the protection of the fossils and the sustainability of these insti-
tutions. But in numerous cases, these facilities are understaffed as well as their 
development has been done with poor funding and limited long-term planning. All 
these famous fossiliferous localities and many new ones that have been discovered 
along the way remain unprotected as well. At the same time, Greece still lacks a 
National Museum of Natural History, a prerequisite for paleontological growth in 
many countries of the world. And last but not least, during the Modern Stage (so far 
the most fruitful period from a scientific point of view), research has been carried 
out under a severe financial crisis and brain-drain to other countries.
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Table 1 List of major museums, institutions, and collections containing fossils of vertebrates 
from Greece

Name City Acronym

Museum of Paleontology and Geology of the National 
and Kapodistrian University of Athens

Athens AMPG

 Palaeontological Exhibition of Pikermi Pikermi –
 Palaeontological Museum of Megalopolis Issoma Karyon –
 Palaeontological Museum of Rethymnon, Crete Rethymnon, Crete –
 Vrisa Natural History Museum Vrisa, Lesvos AMPG-VM
 Dwarf elephant’s Exhibition Tilos
 Museum of Fossil Mammals of Kerasia Kerasia, Euboea AMPG-K
Museum of Geology—Palaeontology—
Palaeonthropology, School of Geology, Aristotle 
University of Thessaloniki

Thessaloniki LGPUT

 Aristotle Museum of Natural History Thessaloniki ΑΜΦΙΘ
 Palaeontological Exhibition of Milia, Grevena Milia, Grevena LGPUT- MIL
 Palaeontological Exhibition of Kalamoto Kalamoto, 

Langadas
LGPUT- KAL

 Museum of Loutra Almopias Cave Aridea LGPUT- LAC
 Palaeontological Exhibition of Agios Georgios Hill Kilkis LGPUT- SGK
 Palaeontological Exhibition of Thermopigi Thermopigi LGPUT-SIT
  Historical and Palaeontological Collection of Siatista 

and Kaloneri Elephant
Siatista LGPUT-SIA

LGPUT- AKL
 Palaeontological Exhibition of Neokaissareia Neokaissareia, 

Pieria
LGPUT- NKP

Aegean Museum of the Natural History Samos PMMS
Natural History Museum of Crete Heraklion, Crete NHMC
Goulandris Natural History Museum Athens GNHM
Natural History Museum of the Lesvos Petrified Forest Sigri, Lesvos –
Petralona Museum Petralona, 

Chalkidiki
–

Palaeontological and Historical Museum of Ptolemaida Ptolemaida PHP
Natural History Museum of Volos Volos –
Perdikkas’ Elephant Exhibition Perdikkas, Eordaia –
Museum of Palaeontology and Palaeobotany of Nostimo Nostimo, Kastoria NMP
“Anna Petrochilou Center,” Perama Cave Perama, Ioannina –
Historical—Folklore and Natural History Museum of 
Kozani

Kozani –
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It wouldn’t be a stretch to claim that the current status of paleontological research 
in the country is based on two pillars: the quality and importance of the Greek 
 fossils and the selfless work of all the professors and researchers during the 
Intermediate Stage. Nearly two centuries after the discoveries in Pikermi, many 
more “diamonds” have been discovered in the country, treated beyond doubt as 
scientific “treasures” by the Greek and foreign paleontologists who discovered, pre-
served, and studied them. But if we are to build upon this momentum and treat this 
amazing paleontological heritage accordingly, serious investment and changes need 
to be made.
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The Sedimentary Basins from the Miocene 
to the Present in Greece: Examples 
for the Most Studied Basins from North 
Greece

Angelos G. Maravelis, Nicolina Bourli, Evangelos Vlachos, 
and Avraam Zelilidis

1  Introduction

There are many post-Oligocene basins in Greece, where both terrestrial, lacustrine- 
lagoonal, or marine deposits have been accumulated (Fig. 1). These correspond to 
the main areas of targeted field research to find fossil vertebrates, although in some 
exceptional cases such fossils could be found in older rocks as well. For the purpose 
of this book, which concerns the fossil vertebrates from Greece ranging mainly 
from the Miocene to present time, we present an introduction on three major basins, 
situated in central and north Greece, Mesohellenic, Axios-Thermaikos, and 
Strymonikos basins, and their associated minor ones. These are some of the basins 
where many vertebrate fossils have been discovered, including also more detailed 
studies on the stratigraphy and paleoenvironment (Fig. 1).

These basins are situated in central and north Greece and have been developed 
on the Internal Hellenic Units (Fig. 2). The Mesohellenic basin is situated in the 
contact between External and Internal Hellenides, the Axios-Thermaikos basin on 
Axios-Vardar unit, whereas the Strymonikos basin on the contact between Serbo- 
Macedonian with Rhodope Massif.

It seems that these three major basins were active from late Eocene to the pres-
ent, during which clastic deposits were accumulated. However, all of them were 
accompanied by three minor, and younger, basins, which were developed east of the 
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major basins from the Miocene onwards. The Mesohellenic major basin is 
 accompanied by the Ptolemais minor basin, the Axios-Thermaikos major basin is 
accompanied by the Mygdonia minor basin, and finally, the Strymonikos major 
basin is accompanied by the Drama minor basin (see Figs. 3, 4 and 5).

The remaining post-Alpine deposits from Greece are located in other, smaller, 
basins, which nevertheless show important fossil vertebrate potential. These basins 
were strongly influenced by normal faults producing asymmetrical grabens.

At least four basins can be distinguished in Crete Island (Kasteli-Chania, 
Rethymnon, Irakleion-Messara, Ag. Nikolaos-Siteia basins), being characterized by 
strong synsedimentary tectonic influence with normal faults, where sedimentation 
started during late Miocene time (Tortonian) and continues with some interruptions 
as far as during the Pleistocene (Kontopoulos et al. 1996; Pasadakis et al. 2012; 
Moforis et al. 2013; Zidianakis et al. 2015; Maravelis et al. 2016; Zelilidis et al. 
2016). Compared to other post-Oligocene basins from Greece that are predomi-
nantly terrestrial, the Neogene deposits from Crete contain several marine sedi-
ments. As such, they play an important role to our knowledge of the fossil record of 
vertebrates adapted to marine niches, including a diverse record of ray-finned fishes 
(see Argyriou this volume, and references therein) and the entire Greek fossil record 
of sea cows (see Iliopoulos et al. this volume, and references therein).

Fig. 1 The post-Oligocene basins of Greece, where the studied Mesohellenic, Ptolemais, Axios- 
Thermaikos, Mygdonia, and Strymonikos basins were showed. Additional, smaller, basins not 
presented in detail in the text: K, Kalamata; G, Gytheion; P, Pyrgos; Pa, Patras; C, Corinth; T, 
Thiva; L, Lamia; n.E, North Evia; s.E, South Evia; A, Amvrakikos Gulf; N, Nestos; and Th, Thrace

A. G. Maravelis et al.
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The remaining Aegean islands also contain smaller-scale Neogene deposits. The 
most interesting are situated in Rhodes Island, where sedimentation during the 
Neogene covered a very high percentage of the present-day island. These deposits 
have not been extensively explored for fossil vertebrates, but they most certainly 
show an important potential, as evidenced by the rich diverse micromammalian 
faunas of the island (see Vasileiadou and Sylvestrou this volume-a, b; Vasileiadou 
and Doukas volume 2; and references therein).

In Peloponnesus, also there are many quite large basins, like these of Kalamata, 
Gytheion, Pyrgos, Patras, and Corinth (see Fig.  1), where mostly sedimentation 
took place in deltaic environments from early Pliocene to present, with many cycles 
of sedimentation, introducing regression and transgression events, owed mostly to 
tectonic activity and less to eustatic sea-level changes (Kontopoulos and Zelilidis 
1992; Poulimenos et  al. 1993; Zelilidis and Kontopoulos 1994; Zelilidis 2000; 
Zelilidis and Kontopoulos 2001). Many fossil vertebrates have been discovered in 
these deposits, including mainly large mammals like elephants and hippos 
(Athanassiou this volume-a, volume 2) or turtles (Vlachos this volume).

There are also smaller basins, characterized by Neogene deposits, like these of 
Thiva, Lamia, north Evia, central Evia in eastern part of central Greece, Amvrakikos 
gulf in the western Greece, and Nestos and Thrace basins in North Greece (see 
Fig. 1). With the exception of Evia island, the other basins mentioned above contain 
only some few known localities with fossil vertebrates.

Fig. 2 Geological map of Greece showing the External and Internal Hellenides with their Units, 
Series, and Massifs; S.B., Sporades Basin. (Modified from Koukouvelas 2019)

The Sedimentary Basins from the Miocene to the Present in Greece: Examples…
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Although there are many basins with great interest, as mentioned above (Fig. 1), 
we focused in three (3) synthetic basins (a major with an accompanied minor) as 
their complicated evolution seems to present the higher interest. Moreover, as this 
chapter represent the introductory chapter for all other chapters, with these three- 
basin analyses, a detailed description for post-Oligocene evolution in Greece is pre-
sented. Finally, all detailed maps were organized with unified basement and different 
lithologies and environments with chronologically divisions and not per formation, 
in order for readers to understand and follow the remaining chapters.

2  The Mesohellenic Basin (MHB)

 Geological Setting

The Mesohellenic Basin (MHB) corresponds to a Late Eocene/Oligocene–Middle 
Miocene thrust-top basin that was developed because of the westwards progradation 
of the Pindos Orogen (Avramidis et al. 2000; Zelilidis et al. 2002). The MHB is 
approximately 150 km long and 30 km wide (Figs. 1 and 3) and is positioned at the 
boundary between the Apulian Platform to the west and the Pelagonian Microplate 
to the east (Doutsos et al. 1994).

The basement of the MHB is represented by the ophiolite complex, remnants of 
the older subducted oceanic crust (of the so-called Pindos Ocean) that was subse-
quently emplaced over the margin of the continental crust (Apulian Platform) dur-
ing compression (Moores 1969), along with Upper Cretaceous limestones of the 
western Pelagonian margin (Killias et al. 2015). The dip directions of the  sedimentary 
succession at the western margin of the MHB (towards the ENE) and the eastern 
margin (towards the WSW) define a large-scale asymmetrical syncline (Killias et al. 
2015), whereas to the north, the basin is further subdivided into two narrower syn-
clines, separated by a region of uplift (Doutsos et  al. 1994). Structural analyses 
reveal that during the Middle Eocene to Quaternary, the MHB displays a complex 
tectonic pattern (Vamvaka et al. 2010) that occurred in semi-ductile to brittle condi-
tions (Killias et al. 2015).

Contrasting scenarios have been proposed to account for the origin of the MHB, 
with the most possible being (1) a multi-story strike-slip and piggyback-type basin 
from Middle Eocene to the present, above the westward emplacing Neotethyan 
ophiolites and Pelagonian units on the cold Hellenic accretionary prism (Killias 
et  al. 2015); (2) a foreland type basin developed in response to eastwards back-
thrusting from Eocene to Miocene, because of the growth of the Pindos Orogen 
(Doutsos et al. 1994); (3) a forearc type basin that developed during the early stages 
of a Mid–Late Eocene subduction (Pindos Ocean) and turned into a piggyback 
basin as a result of Oligocene underthrusting of the Gavrovo-Tripolis domain 
(Ferriere et al. 2004).

Since the Late Miocene, the MHB exhibits gentle strike-slip deformation along 
major faults, uplift, and erosion, with the oldest rocks being exposed along the west-
ern basin margin (Doutsos et al. 1994).

A. G. Maravelis et al.
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 Stratigraphic Evolution

The MHB receives sediments that have been accumulated in a variety of deposi-
tional environments from the Early Oligocene to the Middle Miocene. The strati-
graphic record of the MHB initiates with the Eptahori Formation (1000 m thick, 
Lower Oligocene) that comprises conglomerates and interbedded sandstones that 
accumulated on a fan-delta depositional environment (Zelilidis and Kontopoulos 
1996; Zelilidis et al. 2002; Avramidis et al. 2002). These deposits evolve abruptly 
upward into fine-grained submarine fan sediments. At the southwestern margin of 

Fig. 3 Geological map of the Mesohellenic and accompanied Ptolemais basins
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the MHB, the Eptahori Formation unconformably overlays the Middle to Upper 
Eocene shales and sandstones of the Kranea Formation (Bizon et  al. 1968). The 
Kranea Formation (<2 km thick) evolves up-sequence from fan-delta conglomerates 
and shales to turbidite sandstones and shales and finally to deltaic and flood plain 
deposits (Zelilidis and Kontopoulos 1996; Zelilidis et al. 2002). During the Late 
Oligocene to Middle Miocene, the depositional environments are represented by 
fan-delta deposits that evolve into shelf deposits around the uplifted areas to the 
north and south of the MHB. Submarine fan deposits were continuously deposited 
in the central part of the MHB.  Over the Eptahori Formation, the Pentalofos 
Formation (2500 m thick, Upper Oligocene–Lower Miocene) comprises submarine 
fan deposits that evolve to the southeast into shelf deposits. The overlying Tsotili 
Formation (1500 m thick, Lower to Middle Miocene) is also composed of subma-
rine fan deposits, which in the northern part of the basin are overlain by Middle 
Miocene sandy shelf deposits (Ondria beds, 350 m thick). Finally, in the eastern 
parts of the basin fluvial deposits have been accumulated. South of the MHB, the 
Thessalian plain is characterized by coarse-grained shallow water deltaic deposits 
that formed after the separation of the MHB into three-distinct sub-basins (accord-
ing to Zelilidis 2003), during early Miocene.

 Vertebrate Fossils in the MHB Basin

The majority of the vertebrate fossils from the MHB basin area are known actually 
from the more-recent, Plio–Pleistocene deposits. These sediments contain perhaps 
the most important records of derived proboscidean specimens, including elephants 
and mammoths (see Athanassiou volume 2, and references therein), and mastodons 
(see Konidaris and Tsoukala this volume, and references therein). The Miocene 
deposits are much poorer in fossil vertebrate remains, given that they mostly repre-
sent more coastal or littoral depositional environments; they are, however, quite rich 
in invertebrate fossil remains. As such, Miocene vertebrate localities from the MHB 
basin are few, including some aquatic turtle remains (see Vlachos this volume, and 
references therein). These few occurrences, however, are of great importance for 
their respective clades and highlight the important potential of vertebrate fossil find-
ings in the Miocene and older deposits of the MHB.

3  The Ptolemais Basin (PTB)

 Geological Setting

The Ptolemais Basin (PTB) is a northwest-southeast trending sedimentary basin and 
is located in the Pelagonian Zone (Figs. 1 and 3). The study region was affected by 
at least six deformational stages from the Carboniferous to the Miocene (Mountrakis 
1983). This tectonic activity triggered uplift and deformation of the basement rocks, 
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along with the development of large-scale synclines and anticlines (Mountrakis 
1983). The PTB basin was developed along a pre-existing syncline, located within 
the regional mountain ranges. The study area is regarded as a rift-type basin devel-
oped because of extensional tectonic activity, which followed the Alpine orogenesis 
in Greece (Anastasopoulos and Koukouzas 1972; Koukouzas et  al. 1979, 1981, 
1984, 1985). During the Pliocene, NE-SW to NNE-SSW directed normal faults 
affected the Neogene sedimentary succession of the PTB and controlled topogra-
phy, forming grabens and horsts. Tectonic analysis studies suggest that at the early 
stages of basin development, the PTB was controlled by NW-SE directed normal 
faults, whereas the later stages are impacted by NE-SW normal faults (Pavlides 
1985; Pavlides and Mountrakis 1987). The fault activity is subdivided into two 
stages that were active during the Late Miocene-Pleistocene and post-Early 
Pleistocene, respectively (Pavlides and Mountrakis 1987).

 Stratigraphic Evolution

In the PTB, Neogene in age sediments (Miocene to Pliocene) are deposited, which 
come from the erosion of the pre-existing basement rocks. These basement rocks 
belong to the Pelagonian Zone and consist of Pre-Cambrian to Paleozoic metamor-
phic rocks, Carboniferous granites, Triassic to Lower Jurassic limestones, and 
Middle Jurassic ophiolites that are unconformably overlaid by Upper Cretaceous 
limestones and submarine fan deposits (Mountrakis 1983). The Neogene (Late 
Miocene to Early Pleistocene) deposits have been interpreted as lagoonal in origin 
and are divided into two discrete members, based on the age, composition and type 
of lignite-bearing deposits (Koukouzas et  al. 1979; Steenbrink 2001). The lower 
member was accumulated during the Late Miocene to possibly earliest Pliocene 
age. It is composed of yellow to green, fine-grained silty sandstone and sandy clay-
stone. The upper member was deposited during the Pleistocene and is composed of 
repetitions of silty sandstone and sandy claystone, along with sandstone and mud-
stone. During the Early to Middle Pleistocene, fluvial in origin sediments consisting 
of loose conglomerate, sandstone and red in colour mudstone accumulate in the 
PTB.  The fluvial deposits overlay the pre-existing lagoonal deposits, and their 
boundary is represented by an erosional unconformity.

 Vertebrate Fossils in the PTB Basin

The PTB basin hold important occurrences of vertebrate fossils, many of which 
have been discovered during prospecting or mining activities related to the lignite 
exploration and research in the basin. The most important vertebrate fossils from the 
PTB basin belong to two different categories. On one hand, there are plenty and 
diverse localities with numerous micromammalian fossils (e.g., see Vasileiadou  
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and Sylvestrou this volume-a, this volume-b; Vasileiadou and Doukas volume 2; 
and references therein). These occurrences mostly come from the lower member, as 
described above. On the other hand, there are several occurrences of elephants and 
mammoths, including some partial skeletons with exceptional preservation (see 
Athanassiou volume 2). Most elephant fossils come from the Pleistocene deposits 
of the basin.

4  The Axios-Thermaikos Basin (ATB)

 Geological Setting

The Axios-Thermaikos Basin (ATB) (Figs.  1, 2 and 4) corresponds to a fault- 
bounded sedimentary basin (Ferentinos et  al. 1981) and forms part of the North 
Aegean region, an area with complex geological history (Kilias et  al. 2013; 
Maravelis et al. 2015). The ATB overlies the eastern margin of the Pelagonian Zone 

Fig. 4 Geological map of the Axios-Thermaikos basin and the accompanied Mygdonia basin
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(the so-called Vardar-Axios Zone), a fault-related crystalline massif and part of the 
Internal Hellenides (Brooks and Ferentinos 1980). The Vardar-Axios Zone is NNW- 
SSE directed and extends through Bulgaria, Northern Crete, and Western Turkey. 
An important regional feature is the North Aegean Trough (NAT), a 300 km long 
trough along the Tethyan Ocean suture zone (Mountrakis 2006). The western mar-
gin of the NAT is the Sporades Basin, which in turn corresponds to the offshore 
extension of the ATB (Brooks and Ferentinos 1980). The development of the NAT 
is ascribed to late collisional processes that occurred between the Apulian and 
Eurasian continental lithosphere during the Late Oligocene to Middle Miocene 
(Tranos 2009), probably combined by the westward progradation of the North 
Anatolia Fault (McKenzie 1972; Pavlides et al. 1990).

The study area exhibits a complex tectonic regime characterized by periods of 
both extensional, compressional, and strike-slip tectonics since the Oligocene 
(Pavlides et  al. 1990; Sokoutis et  al. 1993; Kilias et  al. 1999; Tranos 2009; 
Koukouvelas and Aydin 2002). Tectonic analyses suggest that the NE-SW Sporades 
Basin was initiated either during the (1) Early–Middle Miocene under regional con-
traction and strike-slip to transpressional deformation and subsequently involved 
into extensional basin (Tranos 2009) and (2) Middle–Late Miocene WNW-ESE 
extension (Tranos 2009). In both scenarios, the Sporades Basin was initiated because 
of late collisional processes, rather than the westward propagation of the North 
Anatolia Fault into the North Aegean Sea (Tranos 2009). Strike-slip tectonic activ-
ity played a key role in the development of the study area since the seismic reflec-
tion data suggest that basin-bounding faults display strike-slip architecture 
(Ferentinos et al. 1981; Roussos and Lyssimachou 1991). Normal and strike-slip 
interaction is also supported by fault pattern analyses, bathymetric data, and onshore 
and offshore seismic profiles (Koukouvelas and Aydin 2002). Since the Early 
Pleistocene, the deformation of the NAT is related to a NNE-SSW back-arc exten-
sion of the present-day Hellenic subduction zone (Tranos 2009).

 Stratigraphic Evolution

The Neogene sedimentary succession in the ATB is ~1000 m thick (Kalkreuth et al. 
1991). The ATB stratigraphy is subdivided into three major units with sediments 
that belong to a terrestrial to low salinity lacustrine depositional environment 
(Benda and Steffens 1981; Kalkreuth et al. 1991; Kotis and Papanikolaou 1999). 
The lower unit is ~400 m thick and is exposed in the northern margin of the ATB 
because of extensive erosion of the overlying strata. It includes conglomerates of 
terrestrial origin and sandstone beds (up to 10 m thick). Silt and sandy clay beds are 
also present. The middle part is over 200 m thick and is composed of sandstone, 
mudstone, and thick coal beds. The age of this unit, as determined by palynological 
data, is Lower Miocene (Benda and Steffens 1981), and it has been interpreted as 
being deposited in a swamp to limnic lower delta environment (Kalkreuth et  al. 
1991). Unconsolidated sandstones, silt, and clay follow the thick-bedded coals (up 
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to 1 m thick). The upper unit consists of sandstone and mudstone beds that accumu-
lated during the Late Miocene age (“Pontian”). In this unit, lignite beds occur but 
they are of no economic importance (Kalkreuth et  al. 1991). The sediment flow 
direction is generally to the south and east further feeding the Sporades Basin. 
During the Late Quaternary, deposition is controlled primarily by prodeltaic and 
delta plain dynamics and, secondarily, by relative sea level changes (Lykousis et al. 
2005). Three major river systems (Axios, Aliakmon, and Pinios), along with minor 
ones (Loudias and Gallikos), contribute freshwater and sediment to the sea. All but 
Pinios debouch in the north part of the Thermaikos Gulf (Lykousis et al. 2005). The 
excess in river-borne sediment is responsible for the development of an extensive 
bird-foot type delta (Poulos et al. 1994). In the eastern margins of the ATB (western 
Chalkidiki), the basin was formed during early Miocene and was filled with 
Neogene–Quaternary deposits that are over 5 km in total thickness (Syrides 1990). 
The deposits are grouped into six formations: (1) Antonios Formation was depos-
ited during the Early to Middle Miocene and Late Miocene, (fluvial deposits), (b) 
Triglia Formation was deposited during the Late Miocene (Vallesian-Lowermost 
Turolian, continental deposits and red-beds), (c) Trilophos Formation was deposited 
during the Latest Miocene (Pontian or Turolian, brackish-lacustrine deposits), (d) 
Gonia Formation was deposited during the Pliocene (Ruscinian, fluvio-lacustrine 
deposits), and (e) Moudania Formation was deposited during from the Villafranchian 
onwards (continental sediments). To the west (Katerini sub-basin), the Neogene 
sedimentation is represented by eight Formations (Sylvestrou 2002): (1) Elatochori 
(alluvial fans, Early Miocene), (2) Moschopotamos (continental to lagoonal- 
lacustrine, Early to Middle Miocene), (3) Sykea (meandering fluvial, Middle 
Miocene), (4) Ryakia (meandering fluvial, Middle Miocene), (5) Lagorachi (braided 
fluvial, Late Miocene), (6) Sfendami (lagoonal, Late Miocene), (7) Makrygialos 
(braided fluvial, Late Miocene to Early Pleistocene), and (8) Lofos Formation (flu-
vial and lagoonal, Pleistocene to Quaternary).

 Vertebrate Fossils in the ATB Basin

The ATB Basin is one of the most important regions that contain vertebrate fossils. 
The first collections of vertebrate fossils in the area took place in the beginnings of 
the twentieth century by C. Arambourg (Arambourg and Piveteau 1929) and con-
tinue until present with new collections and extensive exploration. In the northern 
part of the basin, on each margin of the Axios river, numerous and famous localities 
with vertebrate fossils have concentrated enormous interest during the last 100 years. 
The majority of these localities are quite diverse, containing important primate 
(Koufos this volume-a, b), bovid (Kostopoulos volume 2), equid (Vlachou et  al. 
volume 2), carnivoran (Koufos volume 2-c, d, e, f), and proboscidean (Konidaris 
and Tsoukala this volume) fossils. The western Chalkidiki sub-basin contains sev-
eral vertebrate localities as well, mostly discovered along the coastline of the east-
ern border of Thermaikos gulf. These localities contain important non-mammalian 
fossils, including snakes (Georgalis and Delfino this volume), turtles, and giant tor-
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toises (Vlachos this volume). The Katerini sub-basin is just as promising as the 
western Chalkidiki one, but focused fieldwork and exploration targeting vertebrate 
remains only recently took place (Sylvestrou 2002).

5  The Mygdonia Basin (MB)

 Geological Setting

The Mygdonia Basin (MB) (Fig. 4) is situated in central Macedonia, to the northeast 
of Thessaloniki city, and is characterized by active seismic activity (Papazachos 
et al. 1979; Martinod et al. 1997). The MB is an E-W directed sedimentary basin 
(graben) that was developed during the Early-Middle Miocene because of exten-
sional tectonic activity (Le Pichon and Angelier 1981). The MB is nowadays char-
acterized by N-S extension (Martinod et al. 1997) that has been interpreted as the 
result of the spreading of the Aegean region over the subducted oceanic Mediterranean 
plate (Le Pichon and Angelier 1981). The extension principally influences a narrow 
(less than 2 Km), E-W oriented zone at the southern edge of the basin (Martinod 
et al. 1997). The integration of seismological and neotectonic data indicate that nor-
mal faults prevail the tectonic features in the MB (Papazachos et al. 2001). Despite 
the variety in fault azimuths observed in some small faults, the majority of the faults 
and the major-magnitude seismic events are in agreement with the average N-S 
extension (Papazachos et  al. 2001). The MB exhibits S-shape geometry, with its 
edges being NW-SE oriented and the central parts being E-W oriented (Papazachos 
et al. 2001). The central part has drown the scientific attention because of the seismic 
activity of the Mw = 6.5 magnitude that affected the city of Thessaloniki (Papazachos 
et al. 1979; Pavlides et al. 1988). The basin is situated within the Serbo-Macedonian 
massif and is surrounded by a several sediment depocenters (Axios Basin, Strymon 
Basin, and North Aegean Trough). The MB receives sediments from Neogene to 
Quaternary that uncomformably overlay the pre- Neogene basement. Gneisses and 
schists represent the basement rocks and amphibolites, metamorphic rocks that form 
parts of the Serbo-Macedonian Massif (in the central and eastern part of the MB, 
Kockel et al. 1977). The basement rocks in the western part of the basin correspond 
to phyllites, limestone, and sandstone that belong to the Circum-Rhodope Belt and 
have experienced low-grade metamorphism (Kockel et al. 1977).

 Stratigraphic Evolution

The sedimentary pile in the MB is divided into two units: (1) the Pre-Mygdonian 
Group and (2) the Mygdonian Group. The Pre-Mygdonian Group encompasses 
Neogene and Early Pleistocene in age sediments whereas the Mygdonian Group 
was deposited during the Middle Pleistocene to the Holocene and overlies uncom-
formably the Pre-Mygdonian Group (Koufos et al. 1995; Konidaris et al. 2015). The 

The Sedimentary Basins from the Miocene to the Present in Greece: Examples…



24

Pre-Mygdonian Group is further subdivided into three formations. The oldest 
Chrysavgi Formation (Middle Miocene, 40–50 m thick) uncomformably overlies 
the basement and is composed of laterally discontinuous conglomerates  interbedded 
with sandstones. The conglomerate is unconsolidated and consists of well- rounded 
gravels (up to 40 cm in diameter). The gravels consist of mica schist, gneiss, granite, 
quartzite, and pegmatite. Finer-grained deposits are rare and form thin-bedded 
lenses of silt and clay. The conglomeratic deposits mainly occupy the lower parts of 
the Chrysavgi Formation and exhibit an upward decrease in the gravel diameter 
within the formation. The upper parts of the Formation are sand- dominated and the 
finer-grained deposits (siltstones, silty sandstones, and silty claystones) are sporadi-
cally present. The overlying Gerakarou Formation (Early Pleistocene, over 100 m 
thick) is represented by red-beds consisting of repetitions of unconsolidated gravels, 
sand, silt, and clay. The gravelly beds are lenticular in shape, laterally discontinu-
ous, and they have been interpreted as being accumulated in a fluvio- terrestrial envi-
ronment of deposition. These red-beds erode significantly the underlying deposits 
and develop steep, valley-type landforms. The overlying Platanochori Formation 
(Early Pleistocene, 10–20 m thick) consists of sandstones and conglomerates, inter-
bedded with silty sandstones, silty claystones, marlstones, and marly limestones. 
The limit between the Gerakarou and Platanochori Formations is transitional, con-
sisting of laterally discontinuous sandstones, sandy marlstones, and red beds. The 
Platanochori Formation is thought as being accumulated in fluvial, fluvio-lacustrine 
depositional environment. This Formation represents the early stages of evolution 
between the continental Gerakarou Formation and the overlaying lacustrine sedi-
ments of the Mygdonian Group.

 Vertebrate Fossils in the MB

Targeted exploration in the MB focusing on fossil vertebrates has contributed greatly 
to our knowledge of the stratigraphy of the basin; it is not a coincidence that some of 
the most important localities share the same name with the formations mentioned 
above. Vertebrate fossils are found mainly in the Pre-Mygdonian Group and are 
encountered in all formations. Occurrences from the great majority of mammalian 
families covered in this volume are found in the MB (e.g., Koufos 2006; Koufos et al. 
1995; Tsoukala and Chatzopoulou 2005; Konidaris et al. 2015; and references therein).

6  The Strymonikos Basin (SB)

 Geological Setting

The Strymonikos Basin (SB) is positioned over the boundary between the Rhodope 
massif and Serbo-Macedonian massif (Fig. 5). The boundary between the basement 
massifs is documented by the overthrusting of biotitic gneiss and marbles 
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 (Serbo- Macedonian) over the marbles of the Pangaion Mt. (Rhodope). The SB is 
thought as a NNW-SSE oriented graben-type basin and is arcuate in shape 
(Psilovikos 1994). The SB is interpreted to have been developed in response of a 
low-angle normal boundary fault (Dinter and Royden 1993). The fault action trig-
gered collapse of the material and slumping towards the southwest. This tectonic 
event is the result of the extensional regime that controlled the basin evolution dur-
ing the Neogene and extends from the Aegean Sea to Bulgaria (Dinter and 
Royden 1993).

Gravity faults affected the development of the SB, particularly the central parts, 
triggering post-depositional sediment deformation and anticline formation 
(Lalechos 1986). The uplift of the surrounding regions leads to the erosion of the 
basement rocks that provided the detritus for the sediment in the SB. The basin 

Fig. 5 Geological map of the Strymonikos basin and the accompanied Drama basin
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includes evidence of relative sea-level fluctuations, with stages of lagoonal- 
lacustrine sedimentation and stages of marine sedimentation (Lalechos 1986). At 
the latest stages of evolution, sedimentation in the SB is entirely continental.

 Stratigraphic Evolution

The SB receives Neogene in age sediments (Miocene to Pleistocene), stemming 
from the erosion of the pre-existing basement rocks that belong to the Rhodope 
massif and Serbo-Macedonian massif (Lalechos 1986). Sub-surface data indicate 
that the Miocene deposits correspond to both marine and lacustrine depositional 
environments and are subdivided into three units (Lalechos 1986). The basal unit 
comprises brecciated deposits, with the internal clasts being composed of fine- 
grained sandstones and conglomerates.

The overlying unit is interpreted as lacustrine deposits and is composed of repeti-
tions of sandstones, mudstones, and dark brown marlstones that evolve upsection 
into petroliferous limestones. The younger deposits represent marine deposits and 
develop repetitions of sandstones, siltstones, and claystones that accumulate along 
with micro-brecciated deposits and lignite layers. The Pliocene sediments are inter-
preted to represent both brackish and continental environments of deposition 
(Lalechos 1986). The brackish sediments include sandstones, mudstones, and silt-
stones, along with travertines and lignites. The continental deposits are composed of 
alternations of reddish sandstones and mudstones. Intercalations of sandstones, silt-
stones, and micro-conglomerates are common. These sediments also include traver-
tines, lignite-bearing limestones, and chalk limestones. The Pleistocene deposits are 
composed of quartz gravels, coarse-grained sandstones, siltstones, and claystones. 
The sedimentary succession suggests that the sedimentation in the SB was domi-
nated by lacustrine conditions and low-energy sedimentation on continental depos-
its (Lalechos 1986). The travertinic and lignitic deposits represent material 
accumulated at the basin margin, adjacent to the basement rocks (Lalechos 1986).

 Vertebrate Fossils in the SB

The majority of the vertebrate fossil-bearing localities of the SB are located in the 
northern parts of the basin. These localities are mainly quite rich and diverse in 
micromammalian (e.g. see Vasileiadou and Sylvestrou this volume-a, b; Vasileiadou 
and Doukas volume 2; and references therein) and squamate (Georgalis and Delfino 
this volume) remains, including some of the most diverse vertebrate localities in 
Greece (Schmidt-Kittler 1995). These localities document the transition from the 
Miocene to the Pliocene in great detail. Large vertebrate remains are fewer but 
include important chalicothere specimens together with associated Late Miocene 
remains (Tsoukala volume 2 and references therein). Stratigraphically younger ver-
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tebrates are known from the central and southern parts of the SB and the associated 
Drama basin, including mainly proboscidean remains (Athanassiou volume 2, 
Konidaris and Tsoukala this volume).
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The Fossil Record of Conodonts in Greece

Olga Koukousioura and Vasiliki–Grigoria Dimou

1  Introduction

Conodonts (Conodonta Eichenberg, 1930) refer to small marine organisms of an 
extinct group of fossil animals that lived from the Palaeozoic to early Mesozoic eras 
(e.g., Spasov and Ganev 1960). Conodonts were introduced and described for the 
first time by Pander in 1856. His discovery of these microfossil findings of Paleozoic 
strata of Baltic provinces and Moscow environs was phosphatic teeth-like parts (cal-
cium phosphate or apatitic conodont “elements”) and initiated a vigorous debate 
regarding their biology and affinity for more than 130 years. Hence, along these 
years, a great number of papers dealt with their morphology, anatomy, distribution, 
and taxonomy (e.g., Huckriede 1958; Lindström 1964; Kozur 1975; Müller 1981; 
Murdock et al. 2013). Moreover, conodonts are one of the most important and wide-
spread—though quite enigmatic as it will be explained below—microfossils, which 
have an excellent fossil record from the Cambrian to Triassic; thus they own 
biozones (e.g., Walliser 1964; Ziegler and Sandberg 1990).

The conodont fossil record from Greece includes 90 genera, 348 species and 74 
subspecies from 80 localities/sections (e.g., Bender et al. 1960; Vrielynck 1978a; 
Kozur and Krahl 1984; Appendix). The oldest record comes from the Silurian to 
Carboniferous of Chios Island (e.g., Kauffmann 1965; Herget and Roth 1968) and 
from the Carboniferous of Attica (Caridroit et al. 2000). The rest of the localities 
correspond to the Triassic Period (e.g., Flament 1973; Muttoni et al. 2014).
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2  Historical Overview

In 1856, Christian Heinrich Pander (one of the founders of embryology and paleon-
tology in Russia) in his monograph introduced and described conodonts for the first 
time. Pander regarded these tiny specimens (minute teeth-like remains composed of 
pure calcium carbonate)—from which he derived the concept of “Conodonten”—as 
the teeth and/or jaws of an unknown group of fossil fishes. However, he reported 
that the structure of those teeth showed several and strong differentiations in icthyo-
logical character from all known fish, which led him to the impression that these 
fossils were not fish teeth. Pander also noted the lack of bone findings, indicating 
that conodonts did not have hard parts; thus he suggested that the fossils could be 
related to hagfish or lampreys. Because of this, Pander used a conservative way to 
describe these specimens: each species was interpreted to have teeth of a single 
morphology. Consequently, the systematic taxonomy of his monograph concluded 
the establishment of 13 genera with 55 newly named species. Later, Ulrich and 
Bassler (1926) of the US National Museum accepted the idea of Pander’s conodonts 
and proposed a more extensive classification model of the group. They described 
many new species from Devonian and Mississippian rocks in the southeastern 
United States and were the first to recognize their biostratigraphic usefulness. In the 
early 1930s, conodonts became the main interest and paleontologic curiosities for 
paleontologists around the world. Among them, Branson and Mehl (1934a, b) and 
their students (at the University of Missouri) studied the Middle Ordovician to 
Lower Carboniferous of eastern and central United States under an extensive pro-
gram of conodont research and produced a considerably expanded taxonomy and 
knowledge of their nature. Interest in conodonts grew dramatically, and the number 
of paleontologists interested in this enigmatic group increased greatly, due primar-
ily to the establishment of this major research program. In 1934, Schmidt and Scott 
discovered groups of individual elements preserved together in the same black shale 
bedding plain. This important discovery led to the hypothesis that the individual 
elements were held in pairs (termed an apparatus) when in life, often likened to 
mouthparts. From the 1960s onward, conodonts have developed into one of the 
most important biostratigraphic tools available for the study of Palaeozoic and 
Triassic sequences.

3  Conodont Classification and the Great Fossil Enigma

Based on Pander’s doubts about the uncertain origin of conodonts, many scenarios 
were suggested for their phylogenetic position. The unsolved puzzle of the true 
nature of conodonts remains, until nowadays, the main subject for more than a hun-
dred papers that deal with a plethora of hypotheses on the function of the conodont 
and their affinity, or the identity of the organism that bore them.
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Isolated conodonts are widespread and abundant. Until the 1980s, their biologi-
cal affinities were still not known. Conodonts have been variously interpreted as the 
remains of plants (algae, vascular plants), conulariids, aschelminthes (copulatory 
structures of nematodes, priapulids, teeth of rotifers, gastrotrichs, kinorhynchs), and 
gnathostomulids; as molluscan radulae of various kinds, annelid jaws, and arthro-
pod organs (but not since the last century); and as elements of lophophorates, chae-
tognaths, and chordates such as agnathans (including cyclostomes), selachians, 
ostracoderms, placoderms, and various kinds of primitive vertebrates (Hass 1962; 
Müller 1981). In the 1980s, many paleontologists (e.g., Clark 1981; Briggs et al. 
1983; Gould 1983) placed conodonts in a separated phylum, Conodonta, because 
the morphological features of specimens do not resolve the question of conodont 
function and origin. According to Tillier and Cuif (1986), conodonts were inverte-
brates that resemble to aplacophoran molluscs, but this speculation was turned 
down by Briggs et al. (1987), a few years later. Janvier (1981) supported the hypoth-
eses of Tillier and Cuif (1986) only to revise his original thoughts a few years later 
(e.g., Janvier 1995). Nonetheless, the great controversy lied in the phylogenetic 
relationship of conodonts with two other groups: chaetognaths and chordates. The 
chaetognaths that have only recently been the object of detailed investigation 
(Repetski and Szaniawski 1981; Szaniawski 1982) are small marine worms, dorso-
ventrally flattened, with horizontal fins, grasping spines, while they are mostly 
planktic (Hyman 1959). Rietschel (1973) noted the similarity between conodonts 
and the grasping spines of chaetognaths, suggesting that conodonts might have 
functioned in the same way.

As regards possibility of a vertebrate, chordate affinity for the conodonts has 
received more attention than any other (e.g., Schmidt in Schmidt and Müller 1964; 
Müller 1981). Sansom et al. (1992) and subsequent papers supported that conodont 
hard tissues are homologous to vertebrate tissues, since the discoveries of two find-
ings of nearly complete animals. These results and the current knowledge of the 
anatomy of conodonts derived from two enlightening fossil findings, based on the 
form and the features of the soft-tissue remains. The first refers to a well-preserved 
new specimen from the Upper Ordovician Soom Shale of South Africa. This giant 
conodont Promissum pulchrum reveals details of the trunk musculature, feeding 
apparatus, and eyes. The preserved length is 109 mm but in its entire length reaches 
approximately 400 mm (Gabbott et  al. 1995). The second particularly important 
discovery by Briggs et al. in 1983 comes from the Lower Carboniferous Granton 
Shrimp Bed of Edinburgh and was the species Clydagnathus windsorensis. This 
specimen refers to a wormlike, elongate (40.5  mm long and mostly less than 
1.95 mm wide) organism that was most likely flattened in life. The preserved region 
of the head includes the conodont apparatus and the anterior one-third of the trunk. 
In the tail region, the presence of two distinct groups of fin rays on one side of the 
trunk suggests that two caudal fins may have been present (Briggs et  al. 1983). 
Several specimens have been recovered from the same area, representing more or 
less complete conodont organisms, while the careful study and description of them 
came by Aldridge et al. (1986, 1993) and Aldridge (1987).
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Although Aldridge et al. (1986) and Aldridge (1987) concluded that conodonts 
are related to myxinoids because of the laterally compressed body, large eyes, bilat-
erally feeding apparatus, myomeres, notochord, and a tail fin, there are still contro-
versies about their phylogenetic position within the vertebrates. The presence of a 
notochord is a plesiomorphic chordate character shared with the protochordates 
(Urochordata and Cephalochordata) and the craniates, whereas the chevron-shaped 
muscle blocks are normally regarded as limited to the cephalochordates and crani-
ates (e.g., Maisey 1986). Several authors related conodonts to craniates (e.g., Janvier 
1983; Dzik 1986; Smith and Hall 1990). Janvier (1996) was the first who conducted 
computer-based parsimony analysis resulting in the affinity of conodonts with ver-
tebrate groups, as a sister group of the lampreys. Later, Donoghue et  al. (2000) 
reapplied a phylogenetic analysis where conodonts were placed between cyclo-
stomes and other vertebrates, more derived than both hagfishes and lampreys, due 
to their calcified dermal skeleton. The position of conodonts as extinct chordates, 
more derived than living jawless vertebrates, but basal to those with jaws, has been 
established by cladistic analysis and has been summarized by Sweet and 
Donoghue (2001).

4  Distribution

The fossil record of conodonts is a well-studied subject in Greece already from the 
early 1960s. The study areas referred to localities across different regions of the 
central, south, as well as islands of the Hellenic territory (Fig. 1), where Paleozoic 
to lower Mesozoic (Triassic) sequences occur. From Central Greece, nine localities 
have been studied, including Pyli Trikala, Mt. East Koziakas, Mt. Othrys, Mt. Iti 
(Latsinies), Mt. Vardoussia, Kotsilieri, Galaxidi (Koutsouros–Kokkinovrakhos), 
Psilovrakhos–Karpenisi–Fragista, and Nafpaktos. Conodonts have been recorded 
also from Beotia (Mt. Helicon), Evia (Xirovouni–Seta), and Attica (Mt. Parnis). 
Three main areas of Peloponnesus were studied, Achaia (Priolithos–Drimos and 
Klitoria), Messinia (Mathia–Achladochori and Mt. Ithome), and Argolis 
(Asklepieion of Epidaurus, Theokafta, Adhami, Alogomandra, Maurovouni–
Prosimi–Stefanion, Profitis Ilias, Moni Taxiarchis–Tsoukalia, Trapezona, Midhea, 
Karafotia–Trahla, Iliokastro–Kastro Hill). Concerning the islands, Hydra has been 
the subject of study of many researchers in numerous outcrops (Zogeika, Agios 
Nikolaos Monastery, Agia Triada, Mandraki–Hydra Chora, Malies, Klimaki, 
Pirghos, Agios Taxiarchis, Kaminia, Vlichos, Mt. Eros, Palamidas, Agia Marina, 
Episkopi, Tsigkri, Bisti, and also the adjacent small Kivotos, Petassi, and Pontikos 
Islands). Furthermore, one of the most studied areas in Greece is Chios Island, with 
more than 20 investigated localities (Kambia, Keramos, Kourounia–Nenitouria, 
Melanios–Agio Galas, Parparia, Potamia, Amani, Kipouries, Volisos, Katavasi, 
Kardamyla, Metochi–Megali Rachi, Anavatos, Vrontados, Rema Armenis, Latomi, 
Agios Markos, Kephalovouni, Marathovouno, Marmarotrapeza, Agia Anna, 
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Parthenis, Korakaris, and Agios Georgios Sykousis). Only one species is reported 
from Corfu Island (Foustapidima Cape), while western and east Crete Island has 
been investigated as well (Voutas, Sfinari, Kambos, Paleochora, Skafi, Myrsini, 
Skopi, Tripokefala, Ziros). Further details on all localities are provided in the 
Appendix.

Fig. 1 Map with all the localities, where conodonts have been described: Central Greece: 1, Pyli 
Trikala, Mt. Koziakas; 2, Mt. Othrys; 3, Mt. Iti, Mt. Vardoussia, Kotsilieri, Psilovrakhos–
Karpenisi–Fragista; 4, Galaxidi, Nafpaktos; 5, Beotia; 6, Evia; 7, Attica. Peloponnesus: 8, Achaia; 
9, Messinia; 10, Argolis; 11, Hydra Island; 12, Chios Island; 13, Corfu Island. Crete Island: 14, 
Voutas, Sfinari, Kambos, Paleochora, Skafi; 15, Myrsini, Skopi, Tripokefala, Ziros. See Appendix 
for more information. Image exported from Google Earth Pro © 2019, map data from US Dept. of 
State Geographer, SIO, NOAA, U.S.  Navy, NGA, GEBCO, image from Landsat/Copernicus. 
Scale bar equals 80 km, North faces upward
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5  Systematic Paleontology

Phylum Chordata Bateson, 1886
Subphylum Vertebrata Linnaeus, 1758
Class Conodonta Eichenberg, 1930

Remarks 348 species and 74 subspecies belonging to 90 conodont genera have 
been reported from Greece (Fig. 2). For space reasons, the list is given at generic 

Fig. 2 The temporal distribution of conodont genera in Greece, compared to the global diversity 
(Data from the Paleobiology Database, accessed June 22, 2020). Genera marked with boldface 
contain species whose type localities are in Greece; the number of asterisks indicates the number 
of new taxa from Greece. Conodont silhouettes from phylopic.org and attributed to J. Headen
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level and in alphabetical order. Identified species are given without authorships in 
the main text, with additional information for the taxa described from Greece; full 
authorships and their references are given in the Appendix.

Amorphognathus Branson and Mehl, 1933

Type Species Amorphognathus ordovicica Branson and Mehl, 1933.

Identified Species in Greece Amorphognathus sp.

Distribution In the Hellenic material, Amorphognathus sp. has been found only in 
the Upper Devonian of Kipouries and Volisos (Chios Island) by Herget and Roth 
(1968) and Roth (1968).

★Anastrophognathus Bender, 1968b

Type Species ★Anastrophognathus sagittalis Bender, 1968b.

Identified Species in Greece ★Anastrophognathus sagittalis.

Distribution Anastrophognathus sagittalis that has been described for the first 
time from Greece presents a wide distribution in the Hellenic peninsula, as it has 
been found in the late Anisian of Central Greece (Psilovrakhos; Kauffmann in 
Fleury 1980), the Lower to Middle Triassic of Argolis Peloponnesus (Asklipieion 
Epidaurus; Vrielync 1978a, b, 1980), Hydra Island (Agios Nikolaos Monastery; 
Dürkoop et al. 1986), Chios Island (Marathovouno; Bender 1968a, b; Tietze 1969), 
and Crete Island (Tripokefala and Voutas; Krahl et al. 1983, 1986).

Remarks The genus Anastrophognathus has been described for the first time from 
the Hellenic material by Bender in 1968b, with the type species Anastrophognathus 
sagittalis from the lower Anisian limestones of Marathovouno of Chios Island.

Ancoradella Walliser, 1964

Type Species Ancoradella ploeckensis Walliser, 1964.

Identified Species in Greece Ancoradella ploeckensis.

Distribution Concerning the Greek material, Ancoradella ploeckensis has been 
described only from the Silurian of Kardamyla (Chios Island) (Kauffmann 1965).

Ancyrodella Ulrich and Bassler, 1926

Type Species Ancyrodella nodosa Ulrich and Bassler, 1926.

Identified Species in Greece Ancyrodella sp.
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Distribution In the Hellenic deposits, Ancyrodella has been found only in the 
Upper Devonian of Melanios–Agio Galas, Parparia, and Kipouries in Chios Island 
(Herget and Roth 1968; Roth 1968).

Apatognathus Branson and Mehl, 1934a

Type Species Apatognathus varians Branson and Mehl, 1934a.

Identified Species in Greece ★Apatognathus mitzopouli, ★Apatognathus radia-
tus, Apatognathus ziegleri, Apatognathus sp.

Distribution Representatives of this genus have been described for the first time in 
Greece and are distributed in the Olenekian to early Anisian of Marathovouno of 
Chios Island (Bender 1968b), with two species (A. mitzopouli and A. radiatus), 
whereas all Apatognathus species have been reported from other localities in Chios 
island as well (Parthenis, Agia Anna, Kephalovouni, Agios Markos, Rema Armenis, 
and Anavatos) (Bender 1968a, b; Tietze 1969; Tietze in Jacobshagen and Tietze 
1974). A. mitzopouli has been also found in the late Anisian to Norian of Mt. 
Vardoussia (Ardaens 1978), while A. ziegleri is more widespread and has been 
found in the Carnian of Theokafta (Argolis) (Bender et al. 1960; Bender 1968b), the 
Ladinian of Asklipieion (Argolis) and the late Anisian to Carnian of Mandraki–
Hydra Chora and Petassi Island (Hydra) (Huckriede 1958; Römermann 1968).

Remarks The species Apatognathus mitzopouli and Apatognathus radiatus have 
been identified for the first time from the Olenekian to late Anisian of Marathovouno 
(Chios Island), by Bender (1968b).

Belodella Ethington, 1959

Type Species Belodus devonicus Stauffer, 1940.

Identified Species in Greece Belodella triangularis, Belodella sp.

Distribution In the Greek material, Belodella triangularis has been found only in 
the Upper Devonian to Carboniferous of Kipouries while Belodella cf. triangularis 
in the Middle Devonian of Parthenis and Belodella sp. in the Silurian to Devonian 
of Agia Anna (Chios Island) (Roth 1968; Walisser in Tietze 1969).

Belodina Ethington, 1959

Type Species Belodus compressus Branson and Mehl, 1933.

Identified Species in Greece Belodina triangularis.
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Distribution In the Greek material, Belodina triangularis has been reported only 
from the Devonian of Potamia and Kipouries in Chios Island (Herget and Roth 
1968; Roth 1968).

Bispathodus Müller, 1962

Type Species Spathodus spinulicostatus Branson, 1934.

Identified Species in Greece Bispathodus stabilis.

Distribution Representatives of Bispathodus stabilis in the Hellenic material have 
been found only in the late Famennian (Upper Devonian) of Kardamyla (Chios 
Island) (Larghi et al. 2005).

Budurovignathus Kozur, 1989

Type Species Polygnathus mungoensis Diebel, 1956.

Identified Species in Greece Budurovignathus hungaricus, Budurovignathus 
mungoensis.

Distribution The two representatives of the genus Budurovignathus have been 
reported in the Hellenic peninsula, from the late Anisian to early Ladinian of Agia 
Triada of Hydra Island by Muttoni et al. (1994, 1997).

Carnepigondolella Kozur, 2003

Type Species Metapolygnathus zoae Orchard, 1991.

Identified Species in Greece Carnepigondolella gulloae, Carnepigondolella  
nodosa.

Distribution The two representatives of the genus of Carnepigondolella have been 
found in the Carnian of Agia Marina (Hydra Island) (Muttoni et al. 2014), while 
C. nodosa has been also reported from the late Carnian to early Norian of Stefanion 
(Argolis) (Noyan and Kozur 2007).

Carniodus Walliser, 1964

Type Species Carniodus carnulus Walliser, 1964.

Identified Species in Greece Carniodus carinthiacus, Carniodus cf. carnulus.

Distribution The two representatives of the genus Carniodus have been described 
from the Hellenic territory, in the Silurian of Kardamyla (Chios Island) by 
Kauffmann in 1965.
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Cavusgnathus Harris and Hollingsworth, 1933

Type Species Cavusgnathus alta Harris and Hollingsworth, 1933.

Identified Species in Greece Cavusgnathus sp.

Distribution The genus of Cavusgnathus in Greece has been described only from 
the late Carboniferous of Sfinari (West Crete Island) (Krahl et al. 1983).

Chirodella Hirschmann, 1959

Type Species Chirodella triquetra (Tatge, 1956).

Identified Species in Greece Chirodella dinodoides, Chirodella gracilis.

Distribution C. dinodoides has a wide distribution in the Hellenic material charac-
terizing the Middle to Late Triassic of Central Greece in Kotsilieri, Galaxidi, and 
Mt. Vardoussia, along with C. gracilis (Ardaens 1978), Nafpaktos and Psilovrakhos–
Karpenisi–Fragista (Vrielynck in Fleury 1980), and Mt. Iti in Latsinies (Wigniole 
1977), while it has also been reported from Mt. Helicon (Beotia) (Steuber 1991), 
Peloponnesus Achaia (Drimos) (Flament 1973), and Argolis (Asklipieion Epidaurus, 
Mavrovouni–Prosimi, Trapezona, Karafotia–Trahla, Profitis Ilias) (Vrielynck 
1978a, 1980).

Cornudina Hirschmann, 1959

Type Species Ozarkodina breviramulis Tatge, 1956.

Identified Species in Greece Cornudina breviramulis, Cornudina breviramulis 
minor, Cornudina tortilis, Cornudina oezdemirae, Cornudina sp.

Distribution C. breviramulis minor has been found in Carnian–Norian of Midhea 
and Karafotia–Trahla and Mavrovouni–Prosimi (Argolis) (Vrielynck 1978a, 1980), 
while in the Anisian–Ladinian of Mt. Helicon (Beotia) (Steuber 1991) C. brevi-
ramulis and C. torilis have been reported. Furthermore, C. torilis has also been 
found in the Anisian to Ladinian of Asklipieion (Argolis) (Vrielynck 1978a, b), 
while Ardaens (1978) has described C. tortilis from the Anisian to Norian of Mt. 
Vardoussia and C. breviramulis and C. oezdemirae from Galaxidi.

Cratognathodus Mosher, 1968

Type Species Prioniodina kochi Huckriede, 1958.

Identified Species in Greece Cratognathodus kochi, Cratognathodus posterogna-
thus angulatus, Cratognathodus posterognathus posterognathus.
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Distribution The subspecies C. posterognathus angulatus and C. posterognathus 
posterognathus have been found in the Anisian to Ladinian of Mt. Helicon (Beotia) 
(Steuber 1991). Moreover, C. posterognathus and C. kochi have been described 
from the Triassic of the Adhami (Argolis) (Dürkoop et al. 1986), Karpenisi–Fragista, 
Mt. Vardoussia (Central Greece; Ardaens 1978; Vrielynck in Fleury 1980), and 
Priolithos–Drimos (Flament 1973). Additionally, C. kochi has been found in several 
late Anisian to early Ladinian localities of Hydra Island (Zogeika, Agios Nikolaos 
Monastery, Malies, Tsigkri, Bisti, Agia Triada, Petassi Island) and in some cases 
along with C. posterognathus (Dürkoop et al. 1986; Angiolini et al. 1992; Muttoni 
et al. 1994).

Ctenognathus Pander, 1856

Type Species Ctenognathus murchisoni Pander, 1856.

Identified Species in Greece ★Ctenognathus chionensis.

Distribution C. chionensis has been described from Greece and in the Hellenic 
material has been found only in the Olenekian limestones of Marathovouno in Chios 
Island by Bender in 1968b.

Cypridodella Mosher, 1968

Type Species Cypridodella conflexa Mosher, 1968.

Identified Species in Greece Cypridodella conflexa, Cypridodella delicatula, 
Cypridodella mediocris, Cypridodella muelleri, Cypridodella sp.

Distribution The representatives of the genus Cypridodella refer to the Carnian to 
Norian of Drimos (Achaia Peloponnesus) (Flament 1973), although Krahl et  al. 
(1986) have reported Cypridodella sp. from the early to middle Permian of Myrsini, 
East Crete Island.

Didymodella Mosher, 1969

Type Species Dichodella alternata (Mosher, 1968).

Identified Species in Greece Didymodella alternata, Didymodella sp.

Distribution D. alternata presents wide distribution in the Hellenic material, as it 
has been described from the Anisian to Ladinian of Mt. Helicon (Steuber 1991) and 
the Anisian to Ladinian of Asklipieion Epidaurus and Adhami (Argolis) (Dürkoop 
et al. 1986; Vrielynck 1978a, 1980). Also, Ardaens (1978) has reported Didymodella 
cf. alternata and Didymodella sp. from the late Anisian to Norian of Mt. Vardoussia.
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Diplododella Ulrich and Bassler, 1926

Type Species Diplododella bilateralis Ulrich and Bassler, 1926.

Identified Species in Greece Diplododella bidentata, Diplododella magnidentata, 
Diplododella meissneri, Diplododella triassica, Diplododella thuringensis.

Distribution The widely distributed species Diplododella bidentata has been 
found in the Middle to Late Triassic of Mt. Helicon (Beotia) by Steuber (1991), and 
Kotsilieri by Ardaens in 1978, while he has also described D. meissneri and 
D. thuringensis from Mt. Vardoussia. Furthermore, D. bidentata has been reported 
from the late Carnian to early Norian of Priolithos (Peloponnesus) along with 
D. magnidentata by Flament (1973), from the late Anisian to Ladinian of Asklipieion 
Epidaurus and Adhami (Argolis) by Dürkoop et al. (1986), and from the Carnian to 
Norian of Karafotia–Trahla along with D. meissneri (Vrielynck 1978a, 1980). 
Finally, Krahl et al. (1986) have found it in the Olenekian to Anisian of Skopi (East 
Crete Island).

Diplognathodus Kozur and Merrill, 1975

Type Species Spathognathodus coloradoensis Murray and Chronic, 1965.

Identified Species in Greece Diplognathodus sp.

Distribution Concerning the Greek material, Diplognathodus sp. has been identi-
fied only from the early to middle Permian of Myrsini (East Crete) by Krahl 
et al. (1986).

Doliognathus Branson and Mehl, 1941

Type Species Doliognathus tata Branson and Mehl, 1941.

Identified Species in Greece Doliognathus sp.

Distribution Herget and Roth (1968) have described the genus of Doliognathus in 
the Hellenic peninsula only from the Upper Devonian deposits of Kambia (Chios).

Ellisonia Müller, 1956

Type Species Ellisonia triassica Müller, 1956.

Identified Species in Greece Ellisonia sp.

Distribution Although the genus Ellisonia has been identified only as Ellisonia 
sp., it has been found in several localities and detected age of the deposits of two 
islands, as the Wuchiapingian of Agios Taxiarchis (Hydra Island; Nestell and 
Wardlaw 1987) and the Lower Triassic of Kambos and Paleochora, the Induan of 
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Myrsini, and the Olenekian to Anisian of Skopi and Tripokefala of Crete Island by 
Krahl et al. (1983).

Enantiognathus Mosher and Clark, 1965

Type Species Apatognathus inversus Sannemann, 1955.

Identified Species in Greece Enantiognathus bitortus, Enantiognathus mitzo-
pouli, Enantiognathus petrae-viridis, Enantiognathus ziegleri.

Distribution Dürkoop et al. (1986) reported the four representatives of the genus 
Enantiognathus from the Anisian to Ladinian of Adhami (Argolis). Furthermore, 
E. bitortus has been also described from the Olenekian to Anisian of the Skopi, 
Tripokefala (West Crete Island) (Krahl et al. 1986). E. ziegleri has been reported 
from Asklipieion Epidaurus, Karafotia–Trahla (Argolis) (Vrielynck 1978a, 1980), 
and the Carnian to Norian of Priolithos–Drimos (Achaia) (Flament 1973) in 
Peloponnesus, whereas it has been found in the Late Triassic of several localities in 
Central Greece (Ardaens 1978; Vrielynck in Fleury 1980). It has been also reported 
from the late Anisian to Ladinian of Agia Triada, Agia Marina, Pirghos, and Episkopi 
of Hydra Island (Muttoni et al. 1994; Angiolini et al. 1992) and the Olenekian to 
Anisian of Chios Island (Katavasi and Metochi–Megali Rachi, Roth 1968; Anavatos, 
Rema Armenis, Agia Anna, Parthenis and Korakaris, Tietze 1969). E. petrae-viridis 
has also a quite wide distribution as it has been found in Asklipieion Epidaurus 
(Argolis) by Vrielynck (1978a, 1980), the Ladinian of Voutas (Crete Island) (Kozur 
and Krahl 1984), and the Anisian to Norian of Central Greece (Mt. Vardoussia and 
Galaxidi, Ardaens 1978; Karpenisi–Fragista, Vrielynck in Fleury 1980), while 
Enantiognathus sp. has been only described from Myrsini East Crete Island (Krahl 
et al. 1986).

Epigondolella Mosher, 1968

Type Species Polygnathus abneptis Huckriede, 1958.

Identified Species in Greece Epigondolella abneptis, Epigondolella bidentata, 
Epigondolella diebeli, Epigondolella echinata, Epigondolella hungarica, 
Epigondolella multidentata, Epigondolella mungoensis, Epigondolella nodosa, 
Epigondolella permica, Epigondolella postera, Epigondolella primitia, 
Epigondolella pseudodiebeli, Epigondolella quadrata, ★Epigondolella rigoi, 
★Epigondolella stefanionensis, Epigondolella ziegleri, Epigondolella sp.

Distribution The genus of Epigondolella is one of the most common genera, with 
17 species, found in the Hellenic material, including two of them described from 
Greece. They refer mainly in the Argolis area: Upper Triassic of Stefanion (Noyan 
and Kozur 2007; Vrielynck 1978a, 1980), Asklipieion Epidaurus (Krystyn and 
Mariolakos 1975; Vrielynck 1978a, b, 1980), Moni Taxiarchis–Tsoukalia 
(Baumgartner 1985), Trapezona, Karafotia–Trahla, and Midhea (Vrielynck 1978a, 
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b, 1980), whereas it has also been described from Priolithos–Drimos and Klitoria of 
Achaia Peloponnesus (Flament 1973; Vrielynck in Fleury 1980). The second impor-
tant area is Central Greece with seven species reported from the late Triassic of 
Nafpaktos and Psilovrakhos–Karpenisi–Fragista (Vrielynck in Fleury 1980), Mt. Iti 
(Wigniole 1977), and Mt. Vardoussia, Kotsilieri, and Galaxidi (Ardaens 1978). 
They have been also described from Pyli Trikala (Lekkas 1986), Mt. Othrys (Ferriere 
1974), and East Mt. Koziakas (Ardaens 1978), while it has been also reported from 
Agia Marina of Hydra Island (Muttoni et al. 2014).

Remarks Two species, Epigondolella rigoi and Epigondolella stefanionensis, 
have been described and named from Argolis Peloponnesus by Noyan and Kozur in 
2007. The type locality of Epigondolella rigoi Kozur, 2007, is a cherty limestone in 
Stefanion section, and it corresponds to upper E. rigoi zone. Epigondolella stefan-
ionensis Noyan 2007 has been identified in a section, consisting of a platy cherty 
limestone, NE of Stefanion, south of Mt. Rakhi Stefaniou, and it corresponds to the 
upper part of the late Carnian.

Euprioniodina Ulrich and Bassler, 1926

Type Species Euprioniodina deflecta Ulrich and Bassler, 1926.

Identified Species in Greece Euprioniodina mediocris, Euprioniodina muelleri, 
Euprioniodina multihamata, Euprioniodina pectiniformis, Euprioniodina petrae-
viridis, Euprioniodina pronoides.

Distribution Dürkoop et al. (1986) have been the only ones who have described 
the genus of Euprioniodina in the Greek peninsula. They reported six species from 
the late Anisian to Ladinian of Adhami of Argolis area in Peloponnesus.

Eurygnathodus Staesche, 1964

Type Species Eurygnathodus costatus Staesche, 1964.

Identified Species in Greece Eurygnathodus costatus, Eurygnathodus 
paracostatus.

Distribution Krahl et  al. (1986) have found the two species of the genus 
Eurygnathodus in the Greek material in the Olenekian of Myrsini (East Crete 
Island), while Tietze (1969) reported E. costatus from the Olenekian to Ladinian of 
Anavatos of Chios Island.

Falcodus Huddle, 1934

Type Species Falcodus angulus Huddle, 1934.

Identified Species in Greece ?Falcodus sp.
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Distribution Bender et al. (1960) have described the species ?Falcodus sp. only 
from the Carnian of Theokafta (Argolis), in the Hellenic peninsula.

Furnishius Clark, 1959

Type Species Furnishius trisseratus Clark, 1959.

Identified Species in Greece Furnishius triserratus.

Distribution Furnishius triserratus has been described in the Greek deposits only 
from the Lower Triassic of Kambos of West Crete Island (Krahl et al. 1983).

Gladigondolella Müller, 1962

Type Species Gladigondolella tethydis (Huckriede, 1958).

Identified Species in Greece ★Gladigondolella carinata, Gladigondolella malay-
ensis budurovi, Gladigondolella malayensis malayensis, Gladigondolella tethydis, 
Gladigondolella triangularis, Gladigondolella sp.

Distribution The genus Gladigondolella has been found in the Hellenic material 
with five species and three subspecies, including G. carinata described for the first 
time from the lower Anisian limestones of Marathovouno of Chios Island by Bender 
in 1968b. They refer to five main areas. In the area of Argolis Peloponnesus, three 
species (G. carinata, G. malayensis, and G. tethydis) have been reported from the 
Middle to Upper Triassic of the Theokafta, Profitis Ilias, and Asklipieion Epidaurus 
(Bender 1968b; Krystyn and Mariolakos 1975; Vrielynck 1978a, 1980; Baumgartner 
1985; Dürkoop et al. 1986). In Crete Island the same Gladigondolella species are 
described in Skopi, Sfinari, Voutas, and Tripokefala (Krahl et al. 1983, 1986; Kozur 
and Krahl 1984). Four species (G. carinata, G. malayensis budurovi, G. tethydis, 
G. triangularis) have also been found in the Early to Middle Triassic of Katavasi, 
Metochi–Megali Rachi, Anavatos, Rema Armenis, Kephalovouni, Marathovouno, 
Parthenis Korakaris, and Marmarotrapeza of Chios Island (Roth 1968; Tietze 1969; 
Bender 1968b; Assereto et al. 1980; Tietze in Jacobshagen and Tietze 1974; Gaetani 
et al. 1992; Jacobshagen et al. 1993). From Hydra Island, two species (G. malayen-
sis malayensis and Gladigondolella sp.), have been reported from the Anisian to 
Carnian of Agia Marina (Muttoni et al. 1994, 2014); and G. tethydis from Episkopi 
(along with G. carinata) and Agia Triada Agios Nikolaos Monastery, Malies, 
Pirghos, Vlichos, Eros, Tsigkri, Bisti, and Petassi Island (Römermann 1968; 
Dürkoop et  al. 1986; Angiolini et  al. 1992; Muttoni et  al. 1994). Kauffmann in 
Fleury (1980), Steuber (1991), and Ardaens (1978) have found G. tethydis in the 
Olenekian to Norian of Psilovrakhos and the Anisian to Ladinian of Mt. Helicon, 
Mt. Vardoussia, and Galaxidi (Central Greece), while De Bono et  al. (2001) 
described G. tethydis and G. malayensis in the Carnian of Evia.
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Gnathodus Pander, 1856

Type Species Gnathodus mosquensis Pander, 1856.

Identified Species in Greece Gnathodus angustus, Gnathodus bilineatus bilinea-
tus, Gnathodus commutatus commutatus, Gnathodus commutatus homopunctatus, 
Gnathodus commutatus nodosus, Gnathodus cuneiformis, Gnathodus delicatus, 
Gnathodus girtyi, Gnathodus noduliferus, Gnathodus cf. opimus, Gnathodus prae-
bilineatus, Gnathodus punctatus, Gnathodus cf. roundyi, Gnathodus semiglaber, 
Gnathodus n. sp. aff. sicilianus, Gnathodus texanus, Gnathodus wapanuckensis, 
Gnathodus sp.

Distribution The genus Gnathodus has been mainly reported from the 
Carboniferous of Chios Island and specifically from Keramos, Kourounia–
Nenitouria, Melanios–Agio Galas, Parparia, Potamia, Kipouries, Volisos, and Agios 
Georgios Sykousis with 13 species and 4 subspecies (Herget and Roth 1968; Roth 
1968; Tietze 1969; Groves et al. 2003; Zanchi et al. 2003). Furthermore, Krahl et al. 
(1983) have described one species, G. angustus, in the late Carboniferous of Sfinari 
(West Crete Island).

Gondolella Stauffer and Plummer, 1932

Type Species Gondolella elegantula Stauffer and Plummer, 1932.

Identified Species in Greece Gondolella aegaea, Gondolella arcuata, Gondolella 
asiatica, Gondolella bakalovi, Gondolella basisymmetrica, Gondolella b. bifurcata, 
Gondolella b. hanbulogi, Gondolella bulgarica, Gondolella constricta, Gondolella 
cornuta, Gondolella denuda, Gondolella eotrammeri, Gondolella excelsa, 
Gondolella excentrica, Gondolella f. foliata, Gondolella f. inclinata, Gondolella f. 
pseudobifurcata, Gondolella f. fueloepi, Gondolella gujioensis, Gondolella ida-
hoensis, Gondolella intermedia, Gondolella jubata, Gondolella laevis, Gondolella 
liebermani, Gondolella mombergensis, Gondolella navicula, Gondolella navicula 
hallstattensis, Gondolella nepalensis, Gondolella orientalis, Gondolella planata, 
Gondolella polygnathiformis, Gondolella regale, Gondolella subcarinata, 
Gondolella aff. szaboi, Gondolella tadpole, Gondolella tethydis, Gondolella timo-
rensis, Gondolella trammeri, Gondolella sp. ex aff. Gondolella auriformis, 
Gondolella sp.

Distribution The genus Gondolella has been described with many species and 
subspecies from several localities of the Greek peninsula. The most complete sec-
tion from Upper Carboniferous to Upper Triassic, referred to Crete Island and spe-
cifically in Sfinari and Voutas (West Crete) but also in Myrsini, Tripokefala, and 
Skopi (East Crete) (Krahl et al. 1983, 1986; Kozur and Krahl 1984). Most of the 
species were catalogued from several localities of Hydra Island (Muttoni et al. 1994, 
1997; Angiolini et  al. 1992; Dürkoop et  al. 1986; Huckriede 1958; Bender and 
Kockel 1963). Argolis is the third important area where several species were found 
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in the Triassic sediments of Asklipieion Epidaurus, Adhami, Iliokastro/Kastro Hill, 
Alogomandra, and Theokafta (Mauvier in Decourt 1964; Baumgartner 1985; 
Dürkoop et al. 1986; Krystyn and Mariolakos 1975; Bender et al. 1960; Huckriede 
1958), while they have been found also in the Middle to Late Triassic of Messinia 
in Mathia–Achladochori and Mt. Ithome (Kozur in Thiebault 1982; Terry 1969). 
Representatives of this genus have also been reported from the Anisian to Ladinian 
of Mt. Helicon of Beotia (Steuber 1991; Clement 1977); the Olenekian to late 
Anisian of Mt. Parnis in Attica (Bender and Kockel 1963), Marathovouno, and 
Marmarotrapeza of Chios Island (Muttoni et  al. 1995; Bender and Kockel 1963; 
Gaetani et  al. 1992; Jacobshagen et  al. 1993); and the Anisian to Norian of Mt. 
Othrys, Mt. Vardoussia, and Galaxidi (Ferriere 1974; Ardaens 1978) of 
Central Greece.

Grodella Kozur and Mostler, 1970

Type Species Grodella delicatula (Mosher, 1968).

Identified Species in Greece Grodella delicatula.

Remarks In the Hellenic material, only the species Grodella delicatula has been 
found in the Anisian to Norian of Profitis Ilias (Peloponnesus) (Vrielynck 1978a).

Hadrodontina Staesche, 1964

Type Species Hadrodontina anceps Staesche, 1964.

Identified Species in Greece Hadrodontina anceps, Hadrodontina sp.

Distribution Krahl et al. (1983) have found the species Hadrodontina anceps in 
the Greek material only in the Lower Triassic of Voutas (West Crete Island), while 
Tietze (1969) reported Hadrodontina sp. from the Induan to Ladinian of 
Marathovouno and the Carboniferous of Agios Georgios Sykousis of Chios Island.

Hibbardella Ulrich and Bassler, 1926

Type Species Prioniodus angulatus Hinde, 1879.

Identified Species in Greece Hibbardella lautissima, Hibbardella magnidentata, 
Hibbardella cf. nevadensis, Hibbardella triassica, Hibbardella zapfei, 
Hibbardella sp.

Distribution In the Hellenic peninsula, the genus Hibbardella presents six repre-
sentatives. H. lautissima has been reported from the Anisian to Ladinian of Mt. 
Helicon in Beotia (Steuber 1991) and from Adhami of Argolis area (Dürkoop et al. 
1986). The most common species found is H. magnidentata which has been reported 
from the Middle to Late Triassic of Mt. Helicon of Beotia (Steuber 1991), from 
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Karafotia–Trahla and Stefanion of Argolis area (Vrielynck 1978a, 1980), and finally 
from Nafpaktos (Vrielynck in Fleury 1980). Bender (1968b) and Tietze (1969) have 
reported H. triassica from Marathovouno and Parthenis of Chios Island and 
Hibardella sp. from Metochi–Megali Rachi and Rema Armenis, the Middle 
Devonian of Parthenis, and the Carboniferous of Agios Georgios Sykousis (Roth 
1968; Tietze 1969). Finally, Flament (1973) has found H. zapfei only in the Carnian 
to Norian of Drimos of Achaia Peloponnesus.

Hibbardelloides Kozur and Mostler, 1970

Type Species Hibbardelloides acroforme (Mosher and Clark 1965).

Identified Species in Greece Hibbardelloides acroforme.

Distribution Steuber, in 1991, catalogued in the Greek material H. acroforme 
from the Anisian to Ladinian of Mt. Helicon in Beotia.

Hindeodella Ulrich and Bassler, 1926

Subgenus Hindeodella (Metaprioniodus) Huddle, 1934

Type Species Hindeodella subtilis Ulrich and Bassler, 1926.

Identified Species in Greece Hindeodella andrusovi, ★Hindeodella bitorta, 
Hindeodella bogschi, ★Hindeodella ceweki, Hindeodella equidentata, Hindeodella 
(Metaprioniodus) andrusovi, Hindeodella (Metaprioniodus) andrusovi andrusovi, 
Hindeodella (Metaprioniodus) andrusovi koeveskalensis, Hindeodella 
(Metaprioniodus) bicuspidata, Hindeodella (Metaprioniodus) koeveskalensis, 
Hindeodella (Metaprioniodus) multihamata, Hindeodella (Metaprioniodus) pec-
tiniformis, Hindeodella (Metaprioniodus) spengleri, Hindeodella (Metaprioniodus) 
suevica, Hindeodella multihamata, Hindeodella pectiniformis, Hindeodella petrae- 
viridis, Hindeodella priscilla, Hindeodella raridenticulata, Hindeodella spengleri 
sapanlii, Hindeodella spengleri spengleri, ★Hindeodella stoppeli, Hindeodella 
suevica, Hindeodella triassica, Hindeodella triassica triassica, Hindeodella uni-
forma, Hindeodella sp.

Distribution The genus Hindeodella has been described from the Greek peninsula 
from several localities, including three new species. Their record started with the 
description of H. equidentata, H. priscilla, and Hindeodella sp. from the Silurian to 
Upper Devonian to lower Carboniferous of several localities of Chios Island 
(Kauffmann 1965; Herget and Roth 1968; Roth 1968) and the Permian/Triassic 
boundary of Episkopi Hydra Island (Römermann 1968), continued with H. bitorta, 
H. triassica Metochi–Megali Rachi (Roth 1968), the Lower to Middle Triassic of 
Chios Island (Bender 1968a, b; Tietze 1969), the Middle Triassic (Anisian to 
Ladinian) from Mt. Helicon of Beotia (Steuber 1991), and Alogomandra, Asklipieion 
Epidaurus, and Adhami of Argolis (Bender et  al. 1960; Dürkoop et  al. 1986; 
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Huckriede 1958; Vrielynck 1978a, 1980). The Middle to Late Triassic was found in 
Argolis (Theokafta and Profitis Ilias, Vrielynck 1978a; Mauvier in Decourt 1964; 
Bender et al. 1960) and in Hydra and Petassi Islands (Römermann 1968; Huckriede 
1958) and in Central Greece (Ardaens 1978; Vrielynck in Fleury 1980). Finally, the 
Late Triassic (Carnian to Norian) has been described from Karpenisi to Fragista and 
Psilovrakhos (Fleury 1980) and Priolithos, Theokafta, Karafotia–Trahla, and 
Mavrovouni–Prosimi of Peloponnesus (Bender 1968b; Bender et al. 1960; Flament 
1973; Vrielynck 1978a, 1980).

Remarks Three Hindeodella species have been identified for the first time from 
the Lower and Middle Triassic limestones of Marathovouno in Chios Island, by 
Bender in 1968b. Hindeodella bitorta and Hindeodella ceweki correspond to the 
Early Anisian, while Hindeodella stoppeli corresponds to the Olenekian.

Hindeodus Rexroad and Furnish, 1964

Type Species Spathognathodus cristulus Youngquist and Miller, 1949.

Identified Species in Greece Hindeodus julfensis, Hindeodus minutus, Hindeodus 
typicalis, Hindeodus sp.

Distribution The species of H. typicalis and H. julfensis have been found in the 
Lopingian (late Permian) of Hydra Island by Argyriou et al. (2017) and Angiolini 
et al. (1992) and in Wuchiapingian of Agios Taxiarchis and Episkopi by Nestell and 
Wardlaw (1987), while H. minutus (with Hindeodus sp.) has been described from 
the early to middle Permian of Myrsini (East Crete Island) and Carboniferous of 
Sfinari and Voutas (West Crete) by Krahl et al. in 1986 and in 1983, respectively.

Icriodus Branson and Mehl, 1938

Type Species Icriodus expansus Branson and Mehl, 1938.

Identified Species in Greece Icriodus alternatus, Icriodus symmetricus, 
Icriodus sp.

Distribution The two representatives of the genus Icriodus have been found in the 
late Devonian of Kambia, while Icriodus sp. has been reported in Katavasi, Potamia, 
and Kipouries of Chios Island (Herget and Roth 1968; Roth 1968).

Icriospathodus Krahl et al., 1983

Type Species Neospathodus collinsoni Solien, 1979.

Identified Species in Greece Icriospathodus collinsoni.
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Distribution Krahl et al. (1983) have found the species of Icriospathodus collin-
soni only in the Early Triassic of Voutas (West Crete Island).

Idiognathodus Gunnell, 1931

Type Species Idiognathodus claviformis Gunnell, 1931.

Identified Species in Greece Idiognathodus tersus, Idiognathodus togashii.

Distribution Krahl et  al. (1983) have reported the two representatives of 
Idiognathodus from the late Carboniferous of Sfinari from West Crete.

Idiognathoides Harris and Hollingsworth, 1933

Type Species Idiognathoides sinuata Harris and Hollingsworth, 1933.

Identified Species in Greece Idiognathoides attenatus, Idiognathoides cf.  
convexus, Idiognathoides ouachitensis, Idiognathoides sinuatus.

Distribution Krahl et al. (1983) have reported the species of I. sinuatus from the 
late Carboniferous of Sfinari (West Crete Island), while the other representatives of 
this genus have been found by Tietze (1969) in the Carboniferous of Vrontados and 
Agios Georgios Sykousis of Chios Island.

Iranognathus Kozur et al., 1975

Type Species Iranognathus unicostatus Kozur, Mostler and Rahimi–Yazd, 1975.

Identified Species in Greece Iranognathus sp.

Distribution The genus Iranognathus has been reported only from the early to 
middle Permian of Myrsini (East Crete Island) by Krahl et al. (1986).

Kockelella Walliser, 1957

Type Species Kockelella patula Walliser, 1964.

Identified Species in Greece Kockelella patula, Kockelella variabilis.

Distribution The species of K. patula has been found in the Devonian of Kipouries 
and Volisos (Herget and Roth 1968; Roth 1968), while K. variabilis has been 
reported only from the Silurian of Kardamyla of Chios Island (Kauffmann 1965).

Ligonodina Ulrich and Bassler, 1926

Type Species Ligonodina pectinata Ulrich and Bassler, 1926.
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Identified Species in Greece Ligonodina salopia, Ligonodina silurica, 
Ligonodina sp.

Distribution Kauffmann (1965) and Herget and Roth (1968) have described the 
two representatives of the genus Ligonodina from the Silurian to Devonian of 
Kardamyla, Katavasi, and Kipouries, while Tietze (1969) has reported Ligonodina 
sp. from Agia Anna and Agios Georgios Sykousis of Chios Island.

Lochriea Scott, 1942

Type Species Lochriea montanaensis (Scott, 1942).

Identified Species in Greece Lochriea commutata, Lochriea mononodosa.

Distribution The two representative species of the genus Lochriea have been 
described from the late Visean/earlier Serpukhovian of Kourounia–Nenitouria 
(Groves et al. 2003) and Selino–Amani of Chios Island (Zanchi et al. 2003).

Lonchodina Ulrich and Bassler, 1926

Type Species Lonchodina typicalis Ulrich and Bassler, 1926.

Identified Species in Greece Lonchodina discreta, Lonchodina greilingi, 
Lonchodina hungarica, Lonchodina latidentata, Lonchodina muelleri, Lonchodina? 
posterognathus, Lonchodina spengleri, Lonchodina venusta, Lonchodina walliseri, 
Lonchodina sp.

Distribution In the Hellenic material, ten species have been catalogued from the 
genus Lonchodina. In Chios Island L. greilingi and L. walliseri have been reported 
from the Silurian to Devonian of Kardamyla, Kipouries, Volisos, Katavasi, Agia 
Anna Parthenis, and Agios Georgios Sykousis (Kauffmann 1965; Herget and Roth 
1968; Roth 1968; Tietze  1969), while L. spengleri, L latidentata, L. mulleri, 
L. venusta, and L. discrteta from the Olenekian to Anisian of Katavasi, Metochi–
Megali Rachi, Anavatos, Rema Armenis, Latomi, Marmarotapeza Kephalovouni, 
Agia Anna, Parthenis, Korakaris, and Marathovouno (Bender 1968a, b; Roth 1968; 
Tietze 1969). Furthermore, in Argolis L. muelleri, L. spengleri, L. venusta, L. lati-
dentata, and L. discreta have been reported from the Middle to Upper Triassic of 
Adhami, Alogomandra, Theokafta, and Asklipieion Epidaurus (Bender et al. 1960; 
Bender 1968b; Huckriede 1958; Mauvier in Decourt 1964). Lonchodina? posterog-
nathus and L. hungarica have been reported from the late Anisian to Norian of Mt. 
Vardoussia and Mt. Helicon (Ardaens 1978; Steuber 1991), and finally Lonchodina 
species have been found in the Carnian of Mandraki–Hydra Chora of Hydra Island 
and Petassi Island (Huckriede 1958; Römermann 1968).

The Fossil Record of Conodonts in Greece



54

Metalonchodina Branson and Mehl, 1941

Type Species Metalonchodina bidentata (Gunnell, 1931).

Identified Species in Greece Metalonchodina digitiformis.

Distribution Mauvier in Decourt (1964) has catalogued M. digitiformis from the 
Anisian to Carnian of Theokafta (Argolis) in Peloponnesus.

Metapolygnathus Hayasi, 1968

Type Species Metapolygnathus communisti Hayasi, 1968.

Identified Species in Greece Metapolygnathus abneptis abneptis, Metapolygnathus 
bidentatus, Metapolygnathus communisti communisti, Metapolygnathus commu-
nisti parvus, Metapolygnathus echinatus, Metapolygnathus hungaricus, 
Metapolygnathus japonicus, Metapolygnathus mirautae, Metapolygnathus mostleri, 
Metapolygnathus multidentatus, ★Metapolygnathus multinodosus, 
Metapolygnathus mungoensis, Metapolygnathus nodosus, Metapolygnathus par-
vus, Metapolygnathus polyganthiformis, Metapolygnathus posterus, 
Metapolygnathus primitius, Metapolygnathus pseudodiebeli, Metapolygnathus 
spengleri, Metapolygnathus cf. tadpole, Metapolygnathus zoae, Metapolygnathus sp.

Distribution The genus Metapolygnathus has been reported from four different 
Hellenic areas with 21 species and 3 subspecies. In particular, nine species have 
been reported from Argolis in Adhami, while Noyan and Kozur (2007) catalogued 
six species from the upper Carnian to lower Norian of Stefanion Section. M. poly-
ganthiformis was a common species found in Karafotia–Trahla, Profitis Ilias, 
Asklipieion Epidaurus, and Midhea (Vrielynck 1978a, b), in Mathia Achladochori 
of Messinia Peloponnesus (Kozur in Thiebault 1982), but also in the Anisian to 
Norian of Nafpaktos, Karpenisi–Fragista, Mt. Vardoussia, and Koutsouros 
Kokkinovrakhos of Central Greece (Ardaens 1978; Vrielynck in Fleury 1980). 
Metapolygnathus species have been found in the Carnian–Norian of Mandraki–
Hydra Chora, Kaminia, Palamidas and Agia Marina, of Hydra and Kivotos Islands 
(Dürkoop et al. 1986). Finally, three species have been described from Sfinari and 
Voutas, Crete Island (Krahl et al. 1983; Kozur and Krahl 1984).

Remarks M. multinodosus Noyan 2007 has been identified in Argolis in a section 
northeast of Stefanion, south of Mt. Rakhi Stefaniou (Noyan and Kozur 2007), and 
it corresponds to the latest Carnian.

Metaprioniodus Huddle, 1934

Type Species Metaprioniodus biangulatus Huddle, 1934.

Identified Species in Greece Metaprioniodus benderi, Metaprioniodus sp.
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Distribution The two representatives of Metaprioniodus have been found only in 
the Anisian to Norian of Mt. Vardoussia in Central Greece by Ardaens, in 1978.

Misikella Kozur and Mock, 1974

Type Species Misikella longidentata Kozur and Mock, 1974.

Identified Species in Greece Misikella hernsteini.

Distribution Vrielynck (1978a, 1980) has reported M. hernsteini only from the 
Ladinian to Norian of Midhea and Mavrovouni–Prosimi in Argolis Peloponnesus.

Neocavitella Sudar and Budurov, 1979

Type Species Neocavitella cavitata Sudar and Budurov, 1979.

Identified Species in Greece Neocavitella tatrica.

Distribution Muttoni et al. (2014) have catalogued the species of N. tatrica from 
the Ladinian of the Agia Marina (Hydra Island).

Neognathodus Dunn, 1970

Type Species Polygnathus bassleri Harris and Hollingsworth, 1933.

Identified Species in Greece Neognathodus bassleri, Neognathodus symmetricus, 
Neognathodus sp.

Distribution Krahl et  al. (1983) have found the three species of the genus 
Neognathodus only in the late Carboniferous of Sfinari (West Crete Island).

Neogondolella Bender and Stoppel, 1965

Type Species Gondolella mombergensis Tatge, 1956.

Identified Species in Greece ★Neogondolella aegaea, Neogondolella constricta, 
Neogondolella leveni, Neogondolella mombergensis, Neogondolella navicula, 
Neogondolella navicula hallstatensis, Neogondolella navicula navicula, 
Neogondolella navicula steinbergensis, Neogondolella orientalis, ★Neogondolella 
palata, Neogondolella polygnathiformis, Neogondolella regale, Neogondolella tad-
pole, Neogondolella timorensis timorensis, Neogondolella sp.

Distribution In the Hellenic material, Neogondolella has been found mainly in 
Hydra Island with N. navicula in the Carnian to Norian of Kaminia and Petassi 
(Dürkoop et  al. 1986; Römermann 1968) and N. palata in Kivotos Island 
(Römermann 1968), while N. leveni and N. orientalis characterized the Lopingian 
of Episkopi, Agios Taxiarchis, and Klimaki (Nestell and Wardlaw 1987). Five spe-
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cies have been catalogued from the Theokafta, Asklipieion, and Karafotia–Trahla of 
Argolis (Bender 1968b; Vrielynck 1978a, b, 1980). Furthermore, N. aegaea along 
with N. mombergensis has been found in five localities of Chios Island (Bender 
1968b; Roth 1968; Besenecker et  al. 1968; Tietze 1969; Assereto et  al. 1980). 
Vrielynck in Fleury (1980) described N. navicula steinbergensis from the Olenekian 
to Norian of Psilovrakhos, and Ardaens (1978) has reported five species from the 
Anisian to Norian of East Mt. Koziakas, Koutsouros–Kokkinovrakhos, and Mt. 
Vardoussia of Central Greece.

Remarks The genus Neogondolella with two species have been described from 
Greece by Bender in 1968b, although Neogondolella as genus has been initially 
introduced by Bender and Stoppel in 1965. Neogondolella aegaea has been identi-
fied in the lower Anisian limestones of Marathovouno in Chios Island while 
Neogondolella palata in the early Carnian of Theokafta in Argolis.

Neohindeodella Kozur, 1968

Type Species Hindeodella triassica Müller, 1956.

Identified Species in Greece Neohindeodella cf. requiramosa, Neohindeodella 
dropla, Neohindeodella summesbergeri praecursor, Neohindeodella summes-
bergeri summesbergeri, Neohindeodella triassica, Neohindeodella triassica aequi-
dentata, Neohindeodella triassica kobayashi, Neohindeodella triassica riegeli, 
Neohindeodella triassica triassica, Neohindeodella triassica ziegleri.

Distribution Three species and seven subspecies have been catalogued from the 
genus Neohindeodella, in the Hellenic material. The most common found is the 
subspecies, N. triassica triassica, that characterized the Middle to Late Triassic of 
Mt. Helicon of Beotia (Steuber 1991), Trapezona, Asklipieion Epidaurus, Midhea, 
Profitis Ilias, Mavrovouni–Prosimi, and Karafotia–Trahla (along with N. summes-
bergeri praecursor) of Argolis area (Vrieynck 1978a, b, 1980) and the Olenekian to 
Norian of Psilovrakhos, Mt. Iti, Kotsilieri Central Greece (Wigniolle 1977; Ardaens 
1978; Vrielynck in Fleury 1980). The subspecies of N. triassica riegeli has been 
found almost in the same localities as the N. triassica triassica, while N. dropla has 
been found in the Middle to Late Triassic of Mt. Helicon (Beotia) (Steuber 1991), 
Nafpaktos (Vrielynck in Fleury 1980), Mathia–Achladochori of Messinia 
Peloponnesus (Kozur in Thiebault 1982), Mt. Vardoussia, Mt. Koziakas, and 
Kokkinovrakhos along with other Neohindeodella species (Ardaens 1978). N. trias-
sica and Neohindeodella sp. have been reported from the Early Triassic of Myrsini, 
Skopi, and Tripokefala of Crete Island (Krahl et al. 1986), and N. triassica ziegleri 
has been reported in Karpenisi–Fragista (Vrielynck in Fleury 1980).

Neoplectospathodus Kozur and Mostler, 1970

Type Species Neoplectospathodus muelleri Kozur and Mostler, 1970.
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Identified Species in Greece Neoplectospathodus muelleri, 
Neoplectospathodus sp.

Distribution Steuber (1991) reported the species of N. muelleri and 
Neoplectospathodus sp. only in the Anisian to Ladinian of Mt. Helicon of Beotia.

Neoprioniodus Rhodes and Müller, 1956

Type Species Prioniodus conjuctus Gunnell, 1931.

Identified Species in Greece Neoprioniodus bicurvatus, Neoprioniodus cf. bicus-
pidatus, Neoprioniodus excavatus, Neoprioniodus latidentatus, Neoprioniodus 
multiformis, Neoprioniodus subcarnus, Neoprioniodus sp.

Distribution The species of N. bicurvatus has been found only in the late Devonian 
of Katavasi and Agia Anna (Tietze 1969; Herget and Roth 1968) while the N. sub-
carnus only in the middle Silurian of Kardamyla (Kauffmann 1965). The rest of the 
species found in the Hellenic material has been reported in Potamia, Kipouries, 
Volisos, Anavatos, Agios Markos, and Kardamyla of Chios Island (Kauffmann 
1965; Herget and Roth 1968; Roth 1968; Tietze 1969).

Neospathodus Mosher, 1968

Type Species Spathognathodus cristagalli Huckriede, 1958.

Identified Species in Greece Neospathodus cf. aequiramosa, Neospathodus cris-
tagalli, Neospathodus dieneri, Neospathodus germanicus, Neospathodus hern-
steini, Neospathodus homeri, Neospathodus kockeli, Neospathodus longiusculus, 
Neospathodus pakistanensis, Neospathodus triangularis, Neospathodus waageni, 
Neospathodus sp.

Distribution Almost all the representatives of the genus Neospathodus have been 
reported from the Island of Crete (Krahl et al. 1983, 1986). N. kockeli has only been 
found in the Early to Middle Triassic of Agia Triada, Vlichos, Pirghos, and Agia 
Marina of Hydra Island (Angiolini et al. 1992; Muttoni et al. 1997) and N. hern-
steini in the Carnian to Norian of Mt. Iti (Wigniolle 1977), in Drimos and Klitoria 
of Achaia Peloponnesus (Flament 1973; Vrielynck in Fleury 1980), and in Mt 
Koziakas (Ardaens 1978). The most common species are N. homeri and N. triangu-
laris that have been reported from Adhami (Argolis) (Dürkoop et  al. 1986), 
Marathovouno and Marmarotrapeza Chios Island (Assereto et  al. 1980; Muttoni 
et al. 1995; Gaetani et al. 1992; Jacobshagen et al. 1993), and Episkopi Hydra Island 
(Dürkoop et al. 1986). Neospathodus species have been also found in Mt. Vardoussia 
and Koutsouros–Kokkinovrakhos of Central Greece (Ardaens 1978).
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Nicoraella Kozur, 1980

Type Species Ozarkodina kockeli Tatge, 1956.

Identified Species in Greece Nicoraella germanica, Nicoraella kockeli.

Distribution N. kockeli has been catalogued in the Olenekian to Anisian of Adhami 
(Argolis Peloponnesus) while N. germanica in the late Anisian of Tsigkri (Hydra 
Island) by Dürkoop et al. (1986).

Norigondolella Kozur, 1990

Type Species Paragondolella steinbergensis Mosher, 1968.

Identified Species in Greece Norigondolella kozuri, Norigondolella navicula, 
Norigondolella steinbergensis, Norigondolella sp.

Distribution All representatives of the genus Norigondolella have been catalogued 
from the early to middle Norian of Agia Marina, Hydra Island (Muttoni et al. 2014).

Oncodella Mosher, 1968

Type Species Oncodella idiodentica Mosher, 1968.

Identified Species in Greece Oncodella pausidentata.

Distribution Vrielynck (1978a, 1980) has reported O. pausidentata from the late 
Triassic of Mavrovouni–Prosimi (Argolis), while Flament (1973) and Vrielynck in 
Fleury (1980) in Priolithos–Drimos and Klitoria of Achaia of Peloponnesus.

Oneotodus Lindström, 1954

Type Species Distacodus simplex Furnish, 1938.

Identified Species in Greece Oneotodus sp.

Distribution Herget and Roth (1968) and Roth (1968) have found the genus 
Oneotodus only in the Devonian of Kipouries and Volisos of Chios Island.

Ozarkodina Branson and Mehl, 1933

Type Species Ozarkodina typica Branson and Mehl, 1933

Identified Species in Greece Ozarkodina crassa, Ozarkodina delicatula, 
Ozarkodina denckmanni, ★Ozarkodina? fisticulata, Ozarkodina kockeli, 
Ozarkodina media, Ozarkodina saginata, Ozarkodina sweeti, Ozarkodina tortilis, 
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★Ozarkodina turgida, Ozarkodina typica denckmanni, Ozarkodina cf. ziegleri, 
Ozarkodina ziegleri ziegleri, Ozarkodina sp.

Distribution Ozarkodina tortilis has been the most widespread representative of 
the genus, in the Hellenic peninsula, as it has been reported from Mt. Helicon of 
Beotia (Steuber 1991), Nafpaktos, Psilovrakhos, Kotsilieri, and Mt. Vardoussia of 
Central Greece (Flament 1973; Ardaens 1978), Tripokefala of East Crete Island 
(Krahl et  al. 1986), and Drimos and Priolithos of Peloponnesus (Vrielynck in 
Fleury; Flament 1973). It has also been found in 16 localities of Chios Island, along 
with other species as Ozarkodina ? fisticulata (Bender 1968a, b; Bender and Kockel 
1963; Herget and Roth 1968; Roth 1968; Tietze 1969) and seven localities of Argolis 
(Bender et al. 1960, 1968b; Dürkoop et al. 1986; Vrielynck 1978a, 1980; Mauvier 
in Decourt 1964; Huckriede 1958), and in Petassi Island of Hydra (Römermann 
1968). Furthermore, in Hydra Island Ozarkodina species have been reported from 
the Late Triassic of Mandraki–Hydra Chora (Muttoni et al. 1994; Angiolini et al. 
1992; Huckriede 1958). Krahl et al. (1986) described O. turgida and O. sweeti from 
the Myrsini, Tripokefala, and Skopi of Crete Island. Earlier, Kauffmann (1965) 
catalogued four species from the Silurian of Kardamyla of Chios Island.

Remarks Two species of Ozarkodina have been identified and described from the 
Triassic limestones of Marathovouno in Chios Island by Bender in 1968b. 
Ozarkodina ? fisticulata corresponds to the Olenekian to Anisian boundary, whereas 
Ozarkodina turgida characterizes Olenekian.

Pachycladina Staesche, 1964

Type Species Pachycladina obliqua Staesche, 1964.

Identified Species in Greece Pachycladina inclinata, Pachycladina longispinosa, 
Pachycladina symmetrica, Pachycladina sp.

Distribution The representatives of the genus Pachycladina have been described 
from the Early Triassic of Sfinari and Kambos of West Crete Island (Krahl et al. 
1983), while Pachycladina ? sp. has been found in the Olenekian to Anisian of 
Parthenis of Chios Island (Tietze 1969).

Palmatolepis Ulrich and Bassler, 1926

Type Species Palmatolepis perlobata Ulrich and Bassler, 1926.

Identified Species in Greece Palmatolepis crepida crepida, Palmatolepis delicat-
ula clarki, Palmatolepis delicatula delicatula, Palmatolepis distorta, Palmatolepis 
elongata, Palmatolepis gigas, Palmatolepis glabra elongata, Palmatolepis glabra 
glabra, Palmatolepis glabra pectinata, Palmatolepis gracilis gracilis, Palmatolepis 
gracilis sigmoidalis, Palmatolepis helmsi, Palmatolepis minuta minuta, Palmatolepis 
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perlobata perlobata, Palmatolepis perlobata schindewolfi, Palmatolepis perlobata 
sigmoidea, Palmatolepis proversa, Palmatolepis punctata, Palmatolepis quadran-
tinodosa inflexa, Palmatolepis quadrantinodosa inflexoidea, Palmatolepis quadran-
tinodosa marginifera, Palmatolepis quadrantinodosa lobata, Palmatolepis 
regularis, Palmatolepis rhomboidea, Palmatolepis rugosa cf. ampla, Palmatolepis 
rugosa grossi, Palmatolepis rugosa postera, Palmatolepis rugosa rugosa, 
Palmatolepis rugosa trachytera, Palmatolepis subperlobata, Palmatolepis subrecta, 
Palmatolepis tenuipunctata, Palmatolepis termini, Palmatolepis triangularis, 
Palmatolepis sp.

Distribution The genus Palmatolepis, from the Hellenic material, is represented 
by 15 species and 20 subspecies that refer only to the Chios Island. In particular, 
Kauffmann (1965), Herget and Roth (1968), and Roth (1968) have catalogued the 
largest population of species from the late Devonian to early Carboniferous of 
Kardamyla, Kambia, Keramos, Melanios–Agio Galas, Parparia, Potamia, Kipouries, 
Volisos, and Katavasi, and Larghi et al. (2005) have reported only P. gracilis gracilis 
and P. gracilis sigmoidalis from the late Devonian of Kardamyla.

Paltodus Pander, 1856

Type Species Paltodus subaequalis Pander, 1856.

Identified Species in Greece Paltodus recurvatus, Paltodus rotundatus, 
Paltodus sp.

Distribution Herget and Roth (1968), Roth (1968), and Tietze (1969) have 
described the three representatives of the genus Paltodus from the Devonian of 
Potamia, Kipouries, Katavasi, and Agia Anna of Chios Island.

Parachirognathus Clark, 1959

Type Species Parachirognathus ethingtoni Clark, 1959.

Identified Species in Greece Parachirognathus petrae-viridis.

Distribution The species P. petrae-viridis has been described from the Anisian of 
Theokafta (Argolis) and Katavasi, Anavatos, Rema Armenis, and Marathovouno in 
Chios Island (Roth 1968; Bender 1968b; Tietze 1969), while it has been also 
reported from the late Anisian to Carnian of Petassi Island (Hydra Island) 
(Römermann 1968).

Paragondolella Mosher, 1968

Type Species Paragondolella navicula (Huckriede, 1958).
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Identified Species in Greece Paragondolella excelsa, Paragondolella foliata, 
Paragondolella inclinata, Paragondolella navicula, Paragondolella navicula navic-
ula, Paragondolella navicula steinbergensis, Paragondolella polygnathiformis, 
Paragondolella praelindae, Paragondolella steinbergensis, Paragondolella tadpole.

Distribution Five Paragondolella species characterize the early Carnian of Agia 
Marina of Hydra Island (Muttoni et al. 2014), while P. foliata and P. polygnathifor-
mis have been also found in the Carnian of Evia (De Bono et al. 2001). Vrielynck 
(1978a, 1980) has reported four species from the Middle to Late Triassic of Profitis 
Ilias, Mavrovouni–Prosimi, Karafotia–Trahla, and Asklipieion (Argolis) that have 
also been found along with P. navicula in the Middle to Upper Triassic sediments of 
Priolithos (Peloponnesus) and Nafpaktos (Flament 1973, Vrielynck in Fleury 1980). 
P. navicula steinbergensis and P. polygnathiformis have been reported from the 
Carnian to Norian of Mt. Othrys (Ferriere 1974) and P. navicula from the Middle 
Triassic of Mt. Ithome (Terry 1969).

Plectospathodus Branson and Mehl, 1933

Type Species Plectospathodus flexuosus Branson and Mehl, 1933.

Identified Species in Greece Plectospathodus extensus.

Distribution P. extensus has been described only from the Silurian to Devonian of 
Kardamyla, Potamia, Katavasi, Kipouries, and Agia Anna from Chios Island 
(Kauffmann 1965; Herget and Roth 1968; Roth 1968).

Pollognathus Kozur and Mostler, 1970

Type Species Pollognathus sequens (Kozur, 1968).

Identified Species in Greece Pollognathus germanicus.

Distribution Vrielynck (1978a) has found the species of P. germanicus in the 
Anisian to Norian of Profitis Ilias (Argolis), while it has been found also in the same 
detected age of the deposits in Mt. Vardoussia (Central Greece) by Ardaens (1978).

Polygnathoides Branson and Mehl, 1933

Type Species Polygnathoides siluricus Branson and Mehl, 1933.

Identified Species in Greece Polygnathoides emarginatus, Polygnathoides 
siluricus.

Distribution The representatives of the genus Polygnathoides have been reported 
from the Silurian of Kardamyla and Agia Anna (Chios Island), by Kauffmann 
(1965) and Walliser in Tietze (1969).
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Polygnathus Hinde, 1879

Type Species Polygnathus dubius Hinde, 1879.

Identified Species in Greece Polygnathus abneptis, Polygnathus carinata, 
Polygnathus cf. inortata, Polygnathus communis, Polygnathus linguiformis, 
Polygnathus linguiformis linguiformis, Polygnathus mehli, Polygnathus  mungoensis, 
Polygnathus cf. pura, Polygnathus nodocostata, Polygnathus styriaca, Polygnathus 
tethydis, Polygnathus vogesi, Polygnathus sp.

Distribution The genus Polygnathus, from the Hellenic material, is represented by 
13 species and 1 subspecies, and they mainly refer to Chios Island. Seven species 
have been reported from Kambia, Melanios–Agio Galas, Potamia, Kipouries, 
Katavasi, Kardamyla, and Marmarotrapeza (Larghi et al. 2005; Bender and Kockel 
1963; Herget and Roth 1968; Roth 1968). In spite of that, Bender et al. (1960) have 
catalogued P. mehli, P. abneptis, and P. mungoensis from the Middle to Late Triassic 
of the Adhami, Theokafta, and Alogomandra of Argolis, and Huckriede (1958) and 
Mauvier in Decourt (1964) have described P. tethydis from Asklipieion Epidaurus 
and Theokafta, respectively. Nonetheless, representatives of the genus have been 
found in Mt. Parnis of Attica (late Tournaisian, Caridroit et al. 2000; Olenekian to 
early Anisian, Bender and Kockel 1963) and Agia Triada and Mandraki–Hydra of 
Hydra Island (Bender and Kockel 1963; Huckriede 1958). Finally, P. abneptis has 
been also described from the Carnian of Cape Foustapidima in Corfu Island 
(Huckriede 1958), while Clement in 1977 has described P. tethydis from the Anisian 
of Mt. Helicon in Beotia.

Prioniodella Ulrich and Bassler, 1926

Type Species Prioniodella normalis Ulrich and Bassler, 1926.

Identified Species in Greece Prioniodella ctenoides, Prioniodella decrescens, 
Prioniodella pectiniformis, Prioniodella prioniodellides.

Distribution The genus Prioniodella has been found in the Hellenic material in 
three localities with four representatives. All of them have been reported by Bender 
et al. (1960) and Bender (1968b), from the Carnian of the Theokafta (Argolis) and 
Chios Island, except for P. decrescens, which has been reported from the early 
Norian of Drimos Peloponnesus (Flament 1973) and Triassic of Mandraki–Hydra 
Chora and Petassi Island (Huckriede 1958; Römermann 1968). Some representa-
tives have been reported from the Olenekian–Ladinian of Chios Island (Tietze 
1969), while P. pectiniformis and P. ctenoides have been also described from the 
Anisian to Ladinian of Asklipieion Epidaurus (Argolis) (Huckriede 1958).

Prioniodina Ulrich and Bassler, 1926
Subgenus Prioniodina (Cypridodella) Mosher, 1968
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Type Species Prioniodina subcurvata Ulrich and Bassler, 1926.

Identified Species in Greece Prioniodina (Cypridodella) muelleri, Prioniodina 
(Cypridodella) venusta, Prioniodina conflexa, Prioniodina ? dinodoides, Prioniodina 
excavata, Prioniodina kochi, Prioniodina latidentata, Prioniodina mediocris, 
Prioniodina mitzopouli, Prioniodina muelleri, Prioniodina petrae-viridis, 
Prioniodina cf. prona, Prioniodina pronoides, Prioniodina scolosculptura, 
Prioniodina spengleri, Prioniodina sweeti transita, Prioniodina sweeti-sweeti, 
Prioniodina venusta, Prioniodina sp.

Distribution Τhe genus Prioniodina is widely distributed in Hellenic peninsula, 
mainly in Argolis Peloponnesus within nine Middle to Upper Triassic deposits 
(Bender et al. 1960; Bender 1968b; Dürkoop et al. 1986; Vrielynck 1978a, 1980; 
Mauvier in Decourt 1964; Huckriede 1958). Other representatives have been found 
at the Middle to Late Triassic in Messinia (Mathia–Achladochori; Kozur in Thiebault 
1982) and Achaia of Peloponnesus (Priolithos; Flament 1973). Many species have 
also been reported from several localities of Central Greece (Lekkas 1986; Ardaens 
1978; Kauffmann in Fleury 1980; Vrielynck in Fleury 1980; Wigniole 1977). Krahl 
et al. (1986) have found three species in the Early Triassic of Myrsini and Tripokefala 
of East Crete Island, while Bender (1968b), Bender and Kockel (1963), and Tietze 
(1969) have described Prioniodina species from the Anisian of Chios Island. 
P. kochi has been also described from Mandraki (Hydra) by Huckriede (1958), 
while later Steuber (1991) has catalogued five species from Mt. Helicon of Beotia.

Pseudognathodus Perret, 1993

Type Species Gnathodus homopunctatus Ziegler, 1960.

Identified Species in Greece Pseudognathodus homopunctatus.

Distribution Groves et al. (2003) have described P. homopunctatus from the late 
Famennian (late Devonian) of Kourounia–Nenitouria (Chios Island).

Pseudopolygnathus Branson and Mehl, 1934b

Type Species Pseudopolygnathus prima Branson and Mehl, 1934b.

Included Species Pseudopolygnathus marburgensis, Pseudopolygnathus micro-
punctata, Pseudopolygnathus dentilineata, Pseudopolygnathus triangula triangula.

Distribution Herget and Roth (1968), Roth (1968), and Larghi et al. (2005) have 
reported the genus Pseudopolygnathus from the Hellenic material and specifically 
with four representatives from the late Devonian to Carboniferous of Kambia, 
Parparia, Kipouries, Katavasi, and Kardamyla of Chios Island.
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Roundya Hass, 1953

Type Species Roundya barnettana Hass, 1953.

Identified Species in Greece Roundya lautissima, Roundya magnidentata, 
Roundya meissneri, Roundya sp.

Distribution Bender et al. (1960) and Bender (1968b) have catalogued two species 
of the genus Roundya from the Carnian of Theokafta and Anisian to Ladinian of 
Alogomandra, while they have reported R. magnidentata from the Adhami of 
Argolis. Furthermore, R. lautissima has been described also from the Middle to Late 
Triassic of Asklipieion Epidaurus (Huckriede 1958), Theokafta Argolis (Mauvier in 
Decourt 1964), and Katavasi and Marathovouno of Chios Island (Roth 1968; Tietze 
1969). Roundya species have been also reported from several localities of Chios 
Island (Roth 1968; Tietze 1969).

Scaliognathus Branson and Mehl, 1941

Type Species Scaliognathus anchoralis Branson and Mehl, 1941.

Identified Species in Greece Scaliognathus anchoralis.

Distribution Herget and Roth (1968) have found the species S. anchoralis only in 
the early Carboniferous of Parparia and Potamia of Chios Island.

Scaphignathus Helms, 1959

Type Species Scaphignathus velifera Ziegler, 1959.

Identified Species in Greece Scaphignathus velifera.

Distribution S. velifera has been reported only in the late Devonian of Kambia of 
Chios Island by Herget and Roth (1968).

Sephardiella March, Budurov, Hirsch and Márquez–Aliaga, 1988

Type Species Sephardiella mungoensis (Diebel, 1956).

Identified Species in Greece Sephardiella mungoensis.

Distribution Concerning the Hellenic material, De Bono et al. (2001) have found 
the species of S. mungoensis only in the Carnian of Evia.

Siphonodella Branson and Mehl, 1944

Type Species Siphonodella duplicata (Branson and Mehl, 1934b).
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Identified Species in Greece Siphonodella obsoleta.

Distribution Herget and Roth (1968) have described this species from the early 
Carboniferous of Kambia, Melanios–Agio Galas, and Parparia of Chios Island.

Spathognathodus Branson and Mehl, 1941

Type Species Spathodus primus Branson and Mehl, 1933.

Identified Species in Greece Spathognathodus bidentatus, Spathognathodus cf. 
cristagalli, ★Spathognathodus gondolelloides, ★Spathognathodus homeri, 
Spathognathodus inclinatus, Spathognathodus i. inclinatus, Spathognathodus inor-
tatus, Spathognathodus orphanus, Spathognathodus pennatus pennatus, 
Spathognathodus stabilis, Spathognathodus steinhornensis cf. eosteinhornensis, 
Spathognathodus steinhornensis cf. remscheidensis, Spathognathodus strigosus, 
★Spathognathodus triangularis, Spathognathodus sp.

Distribution The genus Spathognathodus is represented by 12 species and 4 sub-
species in the Hellenic material, which are mainly referred to Chios Island. 
Specifically, S. i. inclinatus and S. p. pennatus have been found in the Silurian of 
Kardamyla (Kauffmann 1965), whereas eight species have been found only in the 
late Devonian to early Carboniferous in 10 different localities (Herget and Roth 
1968; Roth 1968; Tietze 1969), and other species have been found in 12 localities 
of Olenekian to Anisian sequences (Bender and Kockel 1963; Roth 1968; Tietze 
1969; Tietze in Jacobshagen and Tietze 1974). Nevertheless, S. gondolelloides and 
S. homeri have been catalogued by Bender and Kockel (1963), from the Olenekian 
to early Anisian of Mt. Parnis (Attica), while they also have been found in the 
Permian/Triassic boundary of Episkopi Hydra Island (Römermann 1968) and the 
Anisian of Beotia (Clement 1977). Finally, S. orphanus has been reported only from 
the late Carboniferous of Sfinari (West Crete Island; Krahl et al. 1983).

Remarks Bender in 1968b has described three new species of Spathognathodus 
from the Triassic limestones of Marathovouno of Chios Island. Spathognathodus 
homeri and Spathognathodus gondolelloides characterize the early Anisian, while 
Spathognathodus triangularis characterizes the Olenekian.

Streptognathodus Stauffer and Plummer, 1932

Type Species Streptognathodus excelsus Stauffer and Plummer, 1932.

Identified Species in Greece Streptognathodus elegantulus, Streptognathodus ex. 
aff. elongatus, Streptognathodus gracilis, Streptognathodus ruzhencevi, 
Streptognathodus sp.

Distribution S. ex. aff. elongatus has been reported from the Carboniferous of 
Chios Island (Agios Georgios Sykousis; Tietze 1969), while all the other represen-
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tatives of the genus Streptognathodus have been found in the late Carboniferous of 
Sfinari in West Crete Island (Krahl et al. 1983).

Subbryantodus Branson and Mehl, 1941

Type Species Subbryantodus arcuatus Branson and Mehl, 1941.

Identified Species in Greece Subbryantodus sp.

Distribution Subbryantodus sp. has been found only in the Kasimovian of Agios 
Georgios Sykousis in Chios Island (Tietze 1969).

Sweetognathus Clark, 1972

Type Species Spathognathodus whitei Rhodes, 1963.

Identified Species in Greece Sweetognathus bogoslovskajae.

Distribution The species S. bogoslovskajae has been reported only from the 
Permian of Myrsini (East Crete Island), by Krahl et al. (1986).

Synprioniodina Bassler, 1925

Type Species Synprioniodina alternata Bassler, 1925.

Identified Species in Greece Synprioniodina sp.

Distribution In the Hellenic material Synprioniodina sp. has been described only 
from the Kasimovian of Chios (Agios Georgios Sykousis) by Tietze in 1969.

★Tardogondolella Bender, 1968b

Type Species ★Tardogondolella abneptis (Huckriede, 1958).

Identified Species in Greece ★Tardogondolella abneptis.

Distribution Bender (1968b) has described T. abneptis from the Carnian of 
Theokafta (Argolis Peloponnesus). Furthermore, Dürkoop et  al. (1986) have 
described it from Hydra Island and Römermann (1969) from Petassi and Kivotos 
Islands, while Tietze (1969) has found it in Korakaris (Chios Island).

Remarks The genus Tardogondolella has been described for the first time from the 
Carnian of Theokafta Argolis, and it was attributed to the genus Polygnathus.

Trichonodella (Trichognathus) Branson and Mehl, 1933

Type Species Trichognathus prima Branson and Mehl, 1933.

O. Koukousioura and V. Dimou



67

Identified Species in Greece Trichonodella excavata, Trichonodella inconstans, 
Trichonodella symmetrica, Trichonodella sp.

Distribution The representatives of the genus Trichonodella have been catalogued 
by Kauffmann (1965), Herget and Roth (1968), Roth (1968), and Tietze (1969), 
only from four localities of the Silurian to late Devonian of Chios Island.

Veghella Kozur and Mostler, 1970

Type Species Veghella delicatula (Budurov, 1960).

Identified Species in Greece Veghella delicatula.

Distribution In the Greek material, V. delicatula has been found only in the late 
Anisian to Norian of Mt. Vardoussia (Central Greece), by Ardaens (1978).

Xaniognathus Sweet, 1970

Type Species Xaniognathus curvatus Sweet, 1970.

Identified Species in Greece ★Xaniognathus hydraensis, Xaniognathus turgidus, 
Xaniognathus sp.

Distribution Krahl et al. (1983) have found X. turgidus and Xaniognathus sp. in 
the Early Triassic of Voutas (West Crete Island), while Nestell and Wardlaw (1987) 
have found X. hydraensis in the Wuchiapingian of Episkopi, Agios Taxiarchis, and 
Klimaki of Hydra Island.

Remarks X. hydraensis has been described for the first time by Nestel and Wardlaw 
in 1987, from the Wuchiapingian of Hydra Island. The type locality is approxi-
mately 115 m above Agios Taxiarchis, and 7 m below the contact with the overlying 
Triassic Eros limestone, and consists also a limestone of the Permian sequence of 
Hydra Island.

6  Concluding Remarks

According to the data presented in this review work, conodonts from the Hellenic 
peninsula have been studied already from the beginning of 1960 until nowadays by 
a great number of researchers. The existence of these assemblages has been reported 
from several formations/outcrops around the Greek territory, spanning the Silurian 
to Triassic periods. Most of the sites belong to deposits of the Sub-Pelagonian geo-
tectonic unit, while some of them belong to Pindos and Trypali units. Finally, only 
one site (Corfu) is reported from the Ionian unit. The aforementioned localities 
belong mainly to the central and south Greece. Distinctly, 5 of them referred to the 
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mainland, Central Greece, Beotia, Evia, Attica, and Peloponnesus, while the rest to 
the 4 Islands of Hydra, Chios, Corfu, and Crete, with over than 80 localities and 
many more outcrops. The most studied regions are Argolida, Hydra, and Chios 
Island; nevertheless the most stratigraphically completed ones are Chios (Silurian to 
Upper Triassic) and Crete (upper Carboniferous to Upper Triassic) Islands. The 
total number of recorded genera is 90 with 348 representative species and 74 
subspecies.

From the mainland, and specifically Central Greece, outcrops have been studied 
from Pyli Trikala, East Mt. Koziakas, Mt. Othrys, Mt. Iti (Latsinies), Mt. Vardoussia, 
Kotsilieri, Galaxidi (Koutsouros–Kokkinovrakhos), Psilovrakhos–Karpenisi–
Fragista, and Nafpaktos. The conodont fauna of all these localities comprises 24 
genera and indicates a Middle to Late Triassic age. In Beotia in Mt. Helicon, the 
conodont assemblage consists of 19 Middle to Late Triassic genera, while the 
assemblage from Evia contains only 5 species that suggest a Carnian age.

From Attica, Mt. Parnis, two outcrops have been studied: the first one indicates a 
lower Carboniferous deposit in spite of the second one that implies Lower to lower 
Middle Triassic. The most studied region of the mainland is Peloponnesus, distin-
guished into three main subregions: Achaia, Messinia, and Argolis. Achaia and 
Messinia have been studied from three outcrops each that comprise 13 and 5 genera, 
respectively, indicating Middle to Late Triassic deposits. Argolis conodont fauna 
has been described from 11 distinguished localities with 36 genera catalogued that 
suggest Triassic deposits. Most importantly, from Argolis material four new species 
have been described, Epigondolella rigoi Kozur 2007, Epigondolella stefanionensis 
Noyan 2007, Metapolygnathus multinodosus Noyan 2007, and Neogondolella pal-
ata Bender 1968b and the genus Tardogondolella Bender 1968b.

From the Greek archipelago, the conodont research focused on four islands. The 
first one, Corfu Island, is less studied, with only one species reported from a Carnian 
formation. Secondly, from Hydra Island, 19 localities (including 3 small nearby 
Islands) with more than 40 outcrops have been studied that comprise a late Permian 
to Late Triassic conodont fauna. Moreover, from Hydra’s material a new species 
was identified, Xaniognathus hydraensis Nestel and Wardlaw 1987. The conodont 
data, from Chios Island, that sum up into this review paper present the most strati-
graphically complete record, with 17 Paleozoic, 11 Mesozoic distinguished locali-
ties, and many more outcrops, that suggest a continuous succession from Silurian to 
Carnian. Additionally, this material led Bender in 1968b to identify two new genera, 
Anastrophognathus and Neogondolella. He also described 14 new species: 
Anastrophognathus sagittalis, Apatognathus mitzopouli, Apatognathus radiatus, 
Ctenognathus chionensis, Gladigondolella carinata, Hindeodella bitorta, 
Hindeodella ceweki, Hindeodella stoppeli, Neogondolella aegaea, Ozarkodina ? 
fisticulata, Ozarkodina turgida, Spathognathodus gondolelloides, Spathognathodus 
homeri, and Spathognathodus triangularis. The last location, Crete Island, also 
presents a big stratigraphic range, with 9 localities and over than 25 genera that 
indicate a continuous succession from Upper Carboniferous to Upper Triassic. Our 
results contribute to a review of conodont assemblages and to a stratigraphic assess-
ment of the Paleozoic and Mesozoic fossiliferous deposits from the Hellenic 
peninsula.
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 Appendix

Locality Series/stages
Basic 
references

Taxa
Central Greece
Pyli Trikala Upper Triassic 

(early to middle 
Norian)

1

Epigondolella echinata, Epigondolella permica, Prioniodina sweeti–sweeti

East Mt. Koziakas Upper Triassic 
(Carnian to 
Norian)

2

Enantiognathus ziegleri, Epigondolella bidentata, Epigondolella nodosa, Epigondolella 
permica, Epigondolella postera, Epigondolella pseudodiebeli, Neohindeodella sp., 
Neogondolella navicula, Neogondolella navicula steinbergensis, Neogondolella 
polygnathiformis, Neogondolella tadpole, Neogondolella sp., Neospathodus hernsteini, 
Neospathodus sp., Prioniodina sweeti transita, Prioniodina (Cypridodella) muelleri, 
Prioniodina sp.

Mt. Othrys Carnian to 
Norian

3

Epigondolella abneptis, Epigondolella bidentata, Epigondolella postera, Gondolella 
polygnathiformis, Paragondolella navicula steinbergensis, Paragondolella polygnathiformis

Mt. Iti (Latsinies) Upper Triassic 
(late Carnian to 
early Norian)

4

Chirodella dinodoides, Epigondolella abneptis, Epigondolella bidentata, Epigondolella 
permica, Epigondolella postera, Neohindeodella triassica triassica, Neospathodus hernsteini, 
Prioniodina excavata

Mt. Vardoussia Middle to Upper 
Triassic (late 
Anisian to 
Norian)

2, 5

List of Fossil Localities with Occurrences of Conodonts in Greece
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Locality Series/stages
Basic 
references

Conodonts, Apatognathus mitzopouli, Chirodella dinodoides, Chirodella gracilis, Cornudina 
tortilis, Cratognathodus kochi, Didymodella cf. alternata, Didymodella sp., Diplododella 
meissneri, Diplododella thuringensis, Enantiognathus petrae-viridis, Enantiognathus ziegleri, 
Epigondolella abneptis, Epigondolella bidentata, Epigondolella nodosa, Epigondolella 
permica, Gladigondolella tethydis, Gondolella aegea, Gondolella bulgarica, Gondolella 
excelsa, Gondolella sp., Hindeodella (Metaprioniodus) andrusovi andrusovi, Hindeodella 
(Metaprioniodus) andrusovi koeveskalensis, Hindeodella (Metaprioniodus) suevica, 
Hindeodella stoppeli, Lonchodina ? posterognathus, Lonchodina hungarica, Metapolygnathus 
cf. tadpole, Metapolygnathus parvus, Metapolygnathus polygnathiformis, Metaprioniodus 
benderi, Metaprioniodus sp., Neogondolella navicula hallstattensis, Neogondolella navicula 
navicula, Neogondolella navicula steinbergensis, Neohindeodella cf. requiramosa, 
Neohindeodella dropla, Neohindeodella summesbergeri praecursor, Neohindeodella triassica, 
Neohindeodella triassica kobayashii, Neohindeodella triassica riegeli, Neohindeodella triassica 
triassica, Neospathodus cf. cristagalli, Neospathodus germanicus, Neospathodus homeri, 
Neospathodus triangularis, Neospathodus sp., Ozarkodina tortilis, Ozarkodina turgida, 
Pollognathus germanicus, Prioniodina (Cypridodella) muelleri, Prioniodina (Cypridodella) 
venusta, Prioniodina excavata, Prioniodina sp., Veghella delicatula

Kotsilieri Middle to Upper 
Triassic (Anisian 
to Carnian)

2

Chirodella dinodoides, Diplododella bidentata, Epigondolella bidentata, Epigondolella 
permica, Neohindeodella triassica triassica, Ozarkodina tortilis, Prioniodina (Cypridodella) 
muelleri

Galaxidi (Koutsouros–Kokkinovrakhos) Middle to Upper 
Triassic (Anisian 
to Norian)

2, 6

Conodonts, Chirodella dinodoides, Cornudina breviramulis minor, Cornudina oezdemirae, 
Enantiognathus petrae-viridis?, Enantiognathus ziegleri, Epigondolella permica, 
Gladigondolella tethydis, Gondolella sp., Hindeodella (Metaprioniodus) andrusovi andrusovi, 
Hindeodella (Metaprioniodus) splengeri, Hindeodella triassica triassica, Metapolygnathus 
polygnathiformis, Neogondolella navicula navicula, Neogondolella navicula steinbergensis, 
Neogondolella sp., Neohindeodella summesbergeri praecursor, Neohindeodella triassica 
kobayashii, Neohindeodella triassica triassica, Neospathodus cf. aequiramosa, Neospathodus 
cf. cristagalli, Neospathodus aff. germanicus, Neospathodus cf. kockeli, Prioniodina 
(Cypridodella) muelleri, Prioniodina (Cypridodella) venusta

Psilovrakhos–Karpenisi–Fragista Triassic 
(Olenekian to 
Norian)

7

Anastrophognathus sagittalis, Chirodella dinodoides, Enantiognathus ziegleri, Epigondolella 
bidentata, Epigondolella diebeli, Epigondolella nodosa, Epigondolella permica, Epigondolella 
postera, Gladigondolella tethydis, Hindeodella pectiniformis, Hindeodella (Metaprioniodus) 
andrusovi, Hindeodella (Metaprioniodus) pectiniformis, Hindeodella (Metaprioniodus) 
spengleri, Neogondolella navicula steinbergensis, Neohindeodella triassica triassica, 
Neohindeodella triassica ziegleri, Ozarkodina tortilis, Prioniodina (Cypridodella) muelleri, 
Prioniodina (Cypridodella) venusta

Nafpaktos Middle to Upper 
Triassic (late 
Ladinian to 
Carnian)

8
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Locality Series/stages
Basic 
references

Chirodella dinodoides, Enantiognathus ziegleri, Epigondolella bidentata, Epigondolella nodosa, 
Epigondolella permica, Epigondolella postera, Hibbardella magnidentata, Metapolygnathus 
polygnathiformis, Neohindeodella dropla, Neohindeodella triassica triassica, Ozarkodina 
tortilis, Paragondolella excelsa, Paragondolella navicula navicula, Prioniodina (Cypridodella) 
muelleri

Beotia
Mt. Helicon Middle Triassic 

(Anisian to 
Ladinian)

9, 10

Chirodella dinodoides, Cornudina breviramulis, Cornudina tortilis, Cratognathodus 
posterognathus agnulatus, Cratognathodus posterognathus posterognathus, Didymodella 
alternata, Diplododella bidentata, Enantiognathodus petraeviridis, Enantiognathodus ziegleri, 
Gladigondolella tethydis, Gondolella aegea, Gondolella bakalovi, Gondolella constricta, 
Gondolella eotrammeri, Gondolella excelsa, Gondolella trammeri, Hibbardella lautissima, 
Hibbardella magnidentata, Hibbardelloides acroforme, Hindeodella andrusovi, Hindeodella 
bogschi, Hindeodella multihamata, Hindeodella pectiniformis, Hindeodella spengleri sapanlii, 
Hindeodella spengleri spengleri, Hindeodella suevica, Lonchodina hungarica, Neohindeodella 
dropla, Neohindeodella triassica aequidentata, Neohindeodella triassica riegeli, 
Neohindeodella triassica triassica, Neoplectospathodus muelleri, Neolectospathodus sp., 
Ozarkodina tortilis, Polygnathus tethydis, Prioniodina mediocris, Prioniodina muelleri, 
Prioniodina pronoides, Prioniodina scolosculptura, Prioniodina venusta, Spathognathodus 
gondolelloides, Spathognathodus homeri

Evia
Xirovouni–Seta Upper Triassic 

(Carnian)
11

Gladigondolella malayensis, Gladigondolella tethydis, Paragondolella foliata, Paragondolella 
polygnathiformis, Sephardiella mungoensis

Attica
Mt. Parnis Mississippian 

(late Tournaisian)
12

Polygnathus mehli

Mt. Parnis Lower to Middle 
Triassic 
(Olenekian to 
early Anisian)

13

Gondolella aegea, Polygnathus tethydis, Spathognathodus gondolelloides, Spathognathodus 
homeri

Peloponnesus
Priolithos–Drimos Upper Triassic 

(Carnian to 
Norian)

14

Chirodella dinodoides, Cratognathodus kochi, Cypridodella conflexa, Cypridodella delicatula, 
Cypridodella mediocris, Cypridodella muelleri, Cypridodella sp., Diplododella bidentata, 
Diplododella magnidentata, Enantiognathus ziegleri, Epigondolella abneptis, Epigondolella 
bidentata, Epigondolella multidentata, Epigondolella primitia, Hibbardella zapfei, Hindeodella 
suevica, Hindeodella triassica, Hindeodella uniforma, Neospathodus hernsteini, Neospathodus 
sp., Oncodella pausidentata, Ozarkodina tortilis, Paragodolella navicula navicula, 
Paragondolella navicula steinbergensis, Paragondolella polygnathiformis, Prioniodella 
decrescens, Prioniodina excavata, Prioniodina petrae-viridis
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Locality Series/stages
Basic 
references

Klitoria Upper Triassic 
(late Carnian to 
Norian)

8

Epigondolella abneptis, Epigondolella bidentata, Epigondolella permica, Neospathodus 
hernsteini, Oncodella pausidentata, Paragondolella navicula steinbergensis

Mathia–Achladochori Upper Triassic 
(late Carnian to 
early Norian)

15

Gondolella navicula hallstattensis, Gondolella polygnathiformis, Gondolella tadpole, 
Gondolella sp., Metapolygnathus abneptis abneptis, Metapolygnathus echinatus, 
Metapolygnathus primitius, Metapolygnathus pseudodiebeli, Neohindeodella dropla, 
Neohindeodella triassica triassica, Prioniodina (Cypridodella) muelleri

Mt. Ithome Middle Triassic 16
Gondolella mombergensis, Paragondolella navicula

Asklipieion Epidaurus Middle to Upper 
Triassic (Anisian 
to Carnian)

17–22

Anastrophognathus sagittalis, Apatognathus ziegleri, Chirodella dinodoides, Cornudina torilis, 
Didymodella alternata, Enantiognathus petrae-viridis, Enantiognathus ziegleri, Epigondolella 
abneptis, Epigondolella hungarica, Epigondolella mungoensis, Epigondolella nodosa, 
Epigondolella permica, Gladigondolella malayensis, Gladigondolella sp., Gladigondolella 
tethydis, Gondolella excelsa, Gondolella navicula, Gondolella polygnathiformis, Hindeodella 
(Metaprioniodus) cf. koeveskalensis, Hindeodella (Metaprioniodus) multihamata, Hindeodella 
(Metaprioniodus) suevica, Hindeodella petrae-viridis, Hindeodella triassica, Lonchodina 
latidentata, Lonchodina muelleri, Lonchodina spengleri, Lonchodina venusta, Metapolygnathus 
polygnathiformis, Neogondolella constricta, Neogondolella mombergensis, Neogondolella 
palata, Neohindeodella triassica triassica, Ozarkodina saginata, Ozarkodina tortilis, 
Paragondolella excelsa, Paragondolella navicula, Paragondolella polygnathiformis, 
Paragondolella tadpole, Polygnathus tethydis, Prioniodella ctenoides, Prioniodella 
pectiniformis, Prioniodina (Cypridodella) muelleri, Prioniodina (Cypridodella) venusta, 
Prioniodina ? dinodoides, Prioniodina kochi, Roundya lautissima

Theokafta Middle to Upper 
Triassic (Anisian 
to Carnian)

23–25

Apatognathus ziegleri, ? Falcodus sp., Gladigondolella carinata, Gladigondolella tethydis, 
Gondolella navicula, Hindeodella multihamata, Hindeodella petrae-viridis, Hindeodella 
triassica, Lonchodina discreta, Lonchodina muelleri, Lonchodina spengleri, Lonchodina 
venusta, Metalonchodina digitiformis, Neogondolella navicula, Neogondolella palata, 
Ozarkodina saginata, Ozarkodina tortilis, Ozarkodina turgida, Parachirognathus petrae-viridis, 
Polygnathus abneptis, Polygnathus mungoensis, Polygnathus tethydis, Prioniodella ctenoides, 
Prioniodella decrescens, Prioniodella pectiniformis, Prioniodella prioniodellides, Prioniodina 
cf. prona, Prioniodina kochi, Prioniodina latidentata, Prioniodina mediocris, Roundya 
lautissima, Roundya magnidentata, Tardogondolella abneptis

Adhami Triassic 
(Olenekian to 
middle Carnian)

19, 25, 26
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Locality Series/stages
Basic 
references

Cratognathodus kochi, Cratognathodus posterognathus, Didymodella alternata, Diplododella 
bidentata, Diplododella triassica, Enantiognathus bitortus, Enantiognathus mitzopouli, 
Enantiognathus petraeviridis, Enantiognathus ziegleri, Euprioniodina mediocris, Euprioniodina 
muelleri, Euprioniodina multihamata, Euprioniodina pectiniformis, Euprioniodina 
petraeviridis, Euprioniodina pronoides, Gladigondolella tethydis, Gondolella arcuata, 
Gondolella basisymmetrica, Gondolella bifurcata, Gondolella constricta, Gondolella cornuta, 
Gondolella excelsa, Gondolella excentrica, Gondolella mombergensis, Gondolella navicula, 
Gondolella polygnathiformis, Gondolella tadpole, Gondolella timorensis, Hibbardella 
lautissima, Hibbardella magnidentata, Hindeodella petrae-viridis, Hindeodella suevica, 
Hindeodella triassica, Hindeodella (Metaprioniodus) pectiniformis, Lonchodina muelleri, 
Lonchodina spengleri, Lonchodina venusta, Metapolygnathus abneptis, Metapolygnathus 
bidentatus, Metapolygnathus mostleri, Metapolygnathus multidentatus, Metapolygnathus 
mungoensis, Metapolygnathus nodosus, Metapolygnathus primitius, Metapolygnathus spengleri, 
Metapolygnathus hungaricus, Neospathodus homeri, Neospathodus triangularis, Nicoraella 
kockeli, Ozarkodina saginata, Ozarkodina tortilis, Polygnathus abneptis, Polygnathus tethydis, 
Prioniodina (Cypridodella) muelleri, Prioniodina conflexa, Prioniodina latidentata, 
Prioniodina spengleri, Prioniodina venusta, Roundya magnidentata

Alogomandra Middle Triassic 
(Anisian to 
Ladinian)

25

Gondolella navicula, Hindeodella multihamata, Hindeodella petrae-viridis, Hindeodella 
triassica, Lonchodina muelleri, Lonchodina spengleri, Lonchodina venusta, Ozarkodina tortilis, 
Polygnathus tethydis, Roundya lautissima, Roundya magnidentata

Mavrovouni–Prosimi–Stefanion Upper Triassic 
(late Carnian to 
Norian)

19, 21, 27

Carnepigondolella nodosa, Chirodella dinodoides, Cornudina breviramulis minor, 
Epigondolella abneptis, Epigondolella bidentata, Epigondolella echinata, Epigondolella 
multidentata, Epigondolella nodosa, Epigondolella permica, Epigondolella postera, 
Epigondolella quadrata, Epigondolella rigoi, Epigondolella stefanionensis, Epigondolella 
ziegleri, Hibbardella magnidentata, Hindeodella (Metaprioniodus) andrusovi andrusovi, 
Hindeodella (Metaprioniodus) suevica, Metapolygnathus communisti communisti, 
Metapolygnathus communisti parvus, Metapolygnathus communisti, Metapolygnathus 
multinodosus, Metapolygnathus zoae, Misikella hernsteini, Neohindeodella summesbergeri 
praecursor, Neohindeodella summesbergeri summesbergeri, Neohindeodella triassica triassica, 
Oncodella pausidentata, Ozarkodina tortilis, Paragondolella navicula steinbergensis, 
Paragondolella navicula, Paragondolella polygnathiformis, Paragondolella steinbergensis, 
Paragondolella tadpole, Prioniodina (Cypridodella) muelleri, Prioniodina excavata

Profitis Ilias Middle to Upper 
Triassic (Anisian 
to Norian)

19

Chirodella dinodoides, Gladigondolella tethydis, Grodella delicatula, Hindeodella 
(Metaprioniodus) bicuspidata, Hindeodella (Metaprioniodus) suevica, Metapolygnathus 
polygnathiformis, Neohindeodella dropla, Neohindeodella triassica riegeli, Neohindeodella 
triassica triassica, Paragondolella excelsa, Paragondolella cf. excelsa, Pollognathus 
germanicus, Prioniodina (Cypridodella) muelleri

Moni Taxiarchis–Tsoukalia Upper Triassic 
(Norian)

22

Epigondolella abneptis
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Trapezona Upper Triassic 
(late Carnian to 
Norian)

19, 20, 21

Chirodella dinodoides, Epigondolella nodosa, Epigondolella permica, Neohindeodella 
summesbergeri summesbergeri, Neohindeodella triassica riegeli, Neohindeodella triassica 
triassica, Prioniodina (Cypridodella) muelleri

Midhea Middle to Upper 
Triassic 
(Ladinian to 
Norian)

19

Cornudina breviramulis minor, Cornudina sp., Metapolygnathus polygnathiformis, Misikella 
hernsteini, Neohindeodella cf. triassica triassica, Prioniodina (Cypridodella) muelleri, 
Epigondolella sp.

Karafotia–Trahla Upper Triassic 
(Carnian to 
Norian)

19, 21

Chirodella dinodoides, Cornudina breviramulis minor, Diplododella bidentata, Diplododella 
meissneri, Enantiognathus ziegleri, Epigondolella bidentata, Epigondolella nodosa, 
Epigondolella permica, Epigondolella ziegleri, Hibbardella magnidentata, Hindeodella 
(Metaprioniodus) andrusovi andrusovi, Hindeodella (Metaprioniodus) suevica, 
Metapolygnathus polygnathiformis, Neogondolella navicula steinbergensis, Neohindeodella 
summesbergeri praecursor, Neohindeodella summesbergeri summesbergeri, Neohindeodella 
triassica riegeli, Neohindeodella triassica triassica, Ozarkodina tortilis, Paragondolella 
steinbergensis, Paragondolella tadpole, Prioniodina (Cypridodella) muelleri

Iliokastro–Kastro Hill Middle Triassic 
(Ladinian

22

Gondolella trammeri

Hydra
Zogeika Middle Triassic 

(late Anisian)
26

Cratognathodus kochi, Gondolella excelsa, Gondolella navicula

Agios Nikolaos monastery (4 localities) Middle Triassic 
(late Anisian)

26

Anastrophognathus sagittalis, Cratognathodus kochi, Gladigondolella tethydis, Gondolella 
constricta, Gondolella excelsa, Gondolella mombergensis, Gondolella navicula

Agia Triada Middle Triassic 
(late Anisian/
early Ladinian)

13, 17, 
28, 29

Budurovignathus hungaricus, Budurovignathus mungoensis, Cratognathodus kochi, 
Enantiognathus ziegleri, Gladigondolella tethydis, Gondolella bifurcata bifurcata, Gondolella 
bifurcata hanbulogi, Gondolella bulgarica, Gondolella cornuta, Gondolella eotrammeri, 
Gondolella excelsa, Gondolella foliata inclinata, Gondolella fueloepi fueloepi, Gondolella 
fueloepi pseudobifurcata, Gondolella liebermani, Gondolella navicula, Gondolella tethydis, 
Gondolella trammeri, Neospathodus kockeli, Ozarkodina sp., Polygnathus tethydis

Mandraki–Hydra Chora Upper Triassic 
(Carnian)

17, 26
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Apatognathus ziegleri, Gondolella navicula, Gondolella polygnathiformis, Hindeodella 
petrae-viridis, Lonchodina latidentata, Lonchodina muelleri, Lonchodina spengleri, Lonchodina 
venusta, Metapolygnathus nodosus, Ozarkodina saginata, Polygnathus tethydis, Prioniodella 
decrescens, Prioniodina kochi

Malies Middle Triassic 
(late Anisian to 
Ladinian)

30

Cratognathodus kochi, Gladigondolella tethydis, Gondolella cornuta, Gondolella aff. 
eotrammeri, Gondolella excelsa, Gondolella aff. szaboi, Gondolella sp., Gondolella trammeri, 
Ozarkodina sp.

Klimaki Lopingian 
(Wuchiapingian)

31

Neogondolella orientalis, Xaniognathus hydraensis

Pirghos Middle Triassic 
(late 
Anisian–
Ladinian)

30

Enantiognathus ziegleri, Gladigondollela tethydis, Gondolella bifurcata bifurcata, Gondolella 
bifurcata hanbulogi, Gondolella bulgarica, Gondolella constricta, Gondolella cornuta, 
Gondolella excelsa, Gondolella trammeri, Neospathodus kockeli, Ozarkodina sp.

Agios Taxiarchis Lopingian 
(Wuchiapingian)

31

Ellisonia sp., Hindeodus julfensis, Neogondolella orientalis, Xaniognathus hydraensis
Kaminia Upper Triassic 

(Carnian to 
Norian)

26, 32

Gondolella polygnathiformis, Gondolella tadpole, Metapolygnathus bidentatus, 
Metapolygnathus multidentatus, Metapolygnathus nodosus, Neogondolella navicula, 
Tardogondolella abneptis

Vlichos Middle Triassic 
(middle to late 
Anisian)

26, 28

Gladigondolella tethydis, Gondolella bifurcata bifurcata, Gondolella bulgarica, Gondolella 
constricta, Gondolella cornuta, Gondolella excelsa, Gondolella fueloepi pseudobifurcata, 
Gondolella mombergensis, Gondolella navicula, Gondolella tethydis, Neospathodus kockeli

Mt. Eros Middle Triassic 
(late Anisian)

26

Gladigondolella tethydis, Gondolella constricta, Gondolella excelsa, Gondolella mombergensis, 
Gondolella navicula

Palamidas Upper Triassic 
(Carnian)

26

Gondolella polygnathiformis, Metapolygnathus nodosus, Metapolygnathus primitius

Agia Marina Middle to Upper 
Triassic (late 
Anisian to 
Norian)

17, 26, 
28–30
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Carnepigondolella gulloae, Carnepigondolella nodosa, Enantiognathus ziegleri, Epigondolella 
quadrata, Gladigondolella malayensis malayensis, Gladigondolella sp., Gladigondolella 
tethydis, Gondolella bifurcata bifurcata, Gondolella bifurcata hanbulogi, Gondolella aff. 
bifurcata hanbulogi, Gondolella bulgarica, Gondolella cornuta, Gondolella eotrammeri, 
Gondolella excelsa, Gondolella liebermani, Gondolella sp., Hindeodella petrae-viridis, 
Metapolygnathus abneptis, Metapolygnathus multidentatus, Metapolygnathus posterus, 
Neocavitella tatrica, Neospathodus kockeli, Norigondolella kozuri, Norigondolella navicula, 
Norigondolella steinbergensis, Norigondolella sp., Ozarkodina sp., Paragondolella foliata, 
Paragondolella inclinata, Paragondolella polygnathiformis, Paragondolella praelindae, 
Paragondolella tadpole

Episkopi Permian to 
Upper Triassic 
(Lopingian to 
Carnian)

26, 30–33

Enantiognathus ziegleri, Gladigondolella carinata, Gladigondolella tethydis, Gondolella aff. 
eotrammeri, Gondolella bulgarica, Gondolella constricta, Gondolella excelsa, Gondolella 
foliata foliata, Gondolella polygnathiformis, Gondolella sp., Gondolella tadpole, Hindeodella 
stoppeli, Hindeodella triassica, Hindeodus julfensis, Hindeodus typicalis, Neogondolella leveni, 
Neogondolella orientalis, Neospathodus homeri, Neospathodus triangularis, Ozarkodina sp., 
Spathognathodus gondolelloides, Spathognathodus homeri, Xaniognathus hydraensis

Tsigkri Middle Triassic 
(late Anisian)

26

Cratognathodus kochi, Cratognathodus posterognathus, Gladigondolella tethydis, Gondolella 
bulgarica, Gondolella constricta, Gondolella excelsa, Gondolella mombergensis, Gondolella 
navicula, Gondolella regale, Gondolella timorensis, Nicoraella germanica

Bisti Middle to Upper 
Triassic (late 
Anisian to 
Carnian)

26, 30

Cratognathodus kochi, Cratognathodus posterognathus, Gladigondolella tethydis, Gondolella 
aff. eotrammeri, Gondolella bifurcata bifurcata, Gondolella bifurcata hanbulogi, Gondolella 
bulgarica, Gondolella excelsa, Gondolella mombergensis, Gondolella navicula, Gondolella 
polygnathiformis, Gondolella tadpole, Gondolella trammeri

Kivotos Island Upper Triassic 
(Carnian)

26, 32

Gondolella navicula, Gondolella polygnathiformis, Metapolygnathus nodosus, Neogondolella 
palata, Tardogondolella abneptis

Petassi Island Middle to Upper 
Triassic (late 
Anisian to 
Carnian)

26, 32

Apatognathus ziegleri, Cratognathodus posterognathus, Gladigondolella tethydis, Gondolella 
bifurcata, Gondolella constricta, Gondolella excelsa, Gondolella navicula, Hindeodella 
triassica, Lonchodina discreta, Lonchodina muelleri, Neogondolella navicula, Neogondolella 
palata, Ozarkodina tortilis, Ozarkodina turgida, Parachirognathus petraeviridis, Prioniodella 
ctenoides, Prioniodella prioniodellides, Tardogondolella abneptis

Pontikos Island Upper Triassic 
(Norian)

26

Metapolygnathus abneptis, Metapolygnathus bidentatus
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Chios
Kambia Upper Devonian 

to lower 
Carboniferous

34

Doliognathus sp., Hindeodella sp., Icriodus alternatus, Icriodus symmetricus, Palmatolepis 
delicatula clarki, Palmatolepis delicatula delicatula, Palmatolepis gracilis gracilis, 
Palmatolepis gracilis sigmoidalis, Palmatolepis minuta minuta, Palmatolepis perlobata 
perlobata, Palmatolepis quadrantinodosalobata, Palmatolepis rugosa postera, Palmatolepis 
rugosa rugosa, Palmatolepis rugosa trachytera, Palmatolepis tenuipunctata, Palmatolepis sp., 
Polygnathus communis, Polygnathus cf. inortata, Polygnathus styriaca, Polygnathus vogesi, 
Pseudopolygnathus marburgensis, Pseudopolygnathus micropunctata, Scaphignathus velifera, 
Siphonodella obsoleta, Spathognathodus inortatus, Spathognathodus stabilis

Keramos Upper Devonian 34
Gnathodus bilineatus, Gnathodus commutatus commutatus, Gnathodus commutatus nodosus, 
Gnathodus delicatus, Gnathodus girtyi, Gnathodus semiglaber, Palmatolepis glabra glabra, 
Palmatolepis glabra penctinata, Palmatolepis gracilis gracilis, Palmatolepis perlobata perlobata, 
Palmatolepis rugosa cf. ampla, Palmatolepis rugosa grossi, Palmatolepis minuta minuta

Kourounia–Nenitouria Middle to Upper 
Mississippian 
(late 
Visean–
Serpukhovian)

35

?Gnathodus cuneiformis, Gnathodus bilineatus, ?Gnathodus praebilineatus, Pseudognathodus 
homopunctatus, Lochriea commutata, Lochriea mononodosa

Melanios–Agio Galas Upper Devonian 
to lower 
Carboniferous

34

Ancyrodella sp., Gnathodus bilineatus, Gnathodus bilineatus bilineatus, Gnathodus commutatus 
commutatus, Gnathodus commutatus homopunctatus, Gnathodus commutatus nodosus, 
Gnathodus delicatus, Gnathodus semiglaber, Gnathodus texanus, Palmatolepis crepida crepida, 
Palmatolepis distorta, Palmatolepis gigas, Palmatolepis glabra elongata, Palmatolepis glabra 
glabra, Palmatolepis glabra pectinata, Palmatolepis gracilis gracilis, Palmatolepis minuta 
minuta, Palmatolepis perlobata perlobata, Palmatolepis perlobata sigmoidea, Palmatolepis 
punctata, Palmatolepis quadrantinodosa marginifera, Palmatolepis quadrantinodosa spp., 
Palmatolepis cf. regularis, Palmatolepis rugosa grossi, Palmatolepis subperlobata, Palmatolepis 
subrecta, Palmatolepis tenuipunctata, Polygnathus vogesi, Polygnathus sp., Siphonodella 
obsoleta, Spathognathodus stabilis

Parparia Upper Devonian 
to lower 
Carboniferous

34

Ancyrodella sp., Gnathodus bilineatus, Gnathodus commutatus commutatus, Gnathodus 
commutatus homopunctatus, Gnathodus commutatus nodosus, Gnathodus delicatus, Gnathodus 
girtyi, Gnathodus punctatus, Gnathodus semiglaber, Gnathodus texanus, Palmatolepis crepida 
crepida, Palmatolepis distorta, Palmatolepis glabra elongata, Palmatolepis glabra glabra, 
Palmatolepis glabra penctinata, Palmatolepis gracilis gracilis, Palmatolepis minuta minuta, 
Palmatolepis perlobata perlobata, Palmatolepis perlobata sigmoidea, Palmatolepis proversa, 
Palmatolepis quadrantinodosa inflexa, Palmatolepis quadrantinodosa inflexoidea, Palmatolepis 
quadrantinodosa marginifera, Palmatolepis quadrantinodosa spp., Palmatolepis rhomboidea, 
Palmatolepis rugosa grossi, Palmatolepis subrecta, Palmatolepis triangularis, 
Pseudopolygnathus dentilineata, Pseudopolygnathus triangula triangula, Scaliognathus 
anchoralis, Siphonodella obsoleta, Spathognathodus strigosus
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Potamia Upper Devonian 
to lower 
Carboniferous

34

Belodina triangularis, Gnathodus bilineatus, Gnathodus commutatus commutatus, Gnathodus 
commutatus homopunctatus, Gnathodus delicatus, Gnathodus semiglaber, Gnathodus texanus, 
Hindeodella aff. equidentata, Hindeodella priscilla, Hindeodella sp., Icriodus sp., 
Neoprioniodus excavatus, Ozarkodina typica denckmanni, Ozarkodina sp., Palmatolepis crepida 
crepida, Palmatolepis delicatula clarki, Palmatolepis delicatula delicatula, Palmatolepis 
distorta, Palmatolepis cf. elongata, Palmatolepis glabra elongata, Palmatolepis glabra glabra, 
Palmatolepis glabra penctinata, Palmatolepis gracilis gracilis, Palmatolepis helmsi, 
Palmatolepis minuta minuta, Palmatolepis perlobata perlobata, Palmatolepis quadrantinodosa 
inflexoidea, Palmatolepis quadrantinodosa marginifera, Palmatolepis quadrantinodosalobata, 
Palmatolepis cf. regularis, Palmatolepis rugosa grossi, Palmatolepis subperlobata, Palmatolepis 
subrecta, Palmatolepis tenuipunctata, Palmatolepis triangularis, Paltodus cf. recurvatus, 
Paltodus sp., Plectospathodus extensus, Polygnathus linguiformis linguiformis, Polygnathus 
nodocostata, Polygnathus styriaca, Scaliognathus anchoralis, Spathognathodus steinhornensis 
cf. remscheidensis

Amani Middle to Upper 
Mississippian 
(late Visean to 
Serpukhovian)

36

Gnathodus bilineatus, Lochriea commutata, Lochriea mononodosa

Kipouries Upper Devonian 
to Carboniferous

34, 37

Amorphognathus sp., Ancyrodella sp., Belodella triangularis, Gnathodus bilineatus, Gnathodus 
commutatus commutatus, Gnathodus commutatus nodosus, Gnathodus cf. girtyi, Hindeodella 
equidentata, Hindeodella aff. equidentata, Hindeodella priscilla, Hindeodella aff. priscilla, 
Icriodus sp., Kockelella patula, Ligonodina cf. salopia, Ligonodina silurica, Lonchodina cf. 
walliseri, Lonchodina greilingi, Neoprioniodus bicurvatus, Neoprioniodus excavatus, 
Neoprioniodus latidentatus, Neoprioniodus multiformis, Neoprioniodus sp., Oneotodus sp., 
Ozarkodina cf. ziegleri, Ozarkodina denckmanni, Ozarkodina media, Ozarkodina sp., 
Palmatolepis cf. regularis, Palmatolepis distorta, Palmatolepis glabra elongata, Palmatolepis 
glabra glabra, Palmatolepis glabra pectinata, Palmatolepis gracilis gracilis, Palmatolepis 
gracilis sigmoidalis, Palmatolepis helmsi, Palmatolepis minuta minuta, Palmatolepis perlobata 
perlobata, Palmatolepis perlobata sigmoidea, Palmatolepis proversa, Palmatolepis 
quadrantinodosa marginifera, Palmatolepis quadrantinodosalobata, Palmatolepis rugosa 
postera, Palmatolepis rugosa rugosa, Palmatolepis rugosa spp., Palmatolepis rugosa trachytera, 
Palmatolepis subperlobata, Palmatolepis subrecta, Palmatolepis tenuipunctata, Palmatolepis 
termini, Palmatolepis triangularis, Paltodus cf. recurvatus, Paltodus rotundatus, Paltodus sp., 
Plectospathodus extensus, Polygnathus linguiformis, Polygnathus cf. pura, Polygnathus sp., 
Pseudopolygnathus dentilineata, Spathognathodus bidentatus, Spathognathodus inclinatus, 
Spathognathodus pennatus, Spathognathodus steinhornensis cf. eosteinhornensis, 
Spathognathodus sp., Trichonodella excavata, Trichonodella inconstans, Trichonodella aff. 
symmetrica

Volisos middle Silurian 
to Devonian

34, 37
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Amorphognathus sp., Gnathodus girtyi, Gnathodus punctatus, Gnathodus sp. indet., Gnathodus 
texanus, Hindeodella equidentata, Kockelella patula, Lonchodina greilingi, Neoprioniodus 
multiformis, Oneotodus sp., Ozarkodina media, Ozarkodina cf. ziegleri, Palmatolepis delicatula 
clarki, Palmatolepis delicatula delicatula, Palmatolepis glabra glabra, Palmatolepis glabra 
pectinata, Palmatolepis gracilis gracilis, Palmatolepis minuta minuta, Palmatolepis punctata, 
Palmatolepis quadrantinodosa inflexa, Palmatolepis quadrantinodosa spp., Palmatolepis 
quadrantinodosalobata, Palmatolepis cf. regularis, Palmatolepis subperlobata, Palmatolepis 
tenuipunctata, Palmatolepis triangularis, Spathognathodus inclinatus, Spathognathodus 
pennatus, Spathognathodus stabilis, Trichonodella excavata

Katavasi Upper Devonian 
to Middle 
Triassic

34, 36

Enantiognathus ziegleri, Gladigondolella tethydis, Hindeodella equidentata, Hindeodella 
triassica, Icriodus sp., Ligonodina cf. salopia, Ligonodina silurica, Lonchodina greilingi, 
Lonchodina aff. greilingi, Lonchodina latidentata, Lonchodina spengleri, Lonchodina cf. 
walliseri, Neogondolella mombergensis, Neoprioniodus bicurvatus, Neoprioniodus excavatus, 
Neoprioniodus latidentatus, Neoprioniodus multiformis, Ozarkodina media, Ozarkodina 
saginata, Ozarkodina tortilis, Ozarkodina turgida, Ozarkodina ? fisticulata, Palmatolepis 
distorta, Palmatolepis glabra elongata, Palmatolepis glabra glabra, Palmatolepis glabra 
pectinata, Palmatolepis gracilis gracilis, Palmatolepis gracilis sigmoidalis, Palmatolepis minuta 
minuta, Palmatolepis perlobata perlobata, Palmatolepis perlobata sigmoidea, Palmatolepis 
proversa, Palmatolepis punctata, Palmatolepis quadrantinodosa inflexoidea, Palmatolepis 
quadrantinodosa marginifera, Palmatolepis quadrantinodosa spp., Palmatolepis rugosa grossi, 
Palmatolepis rugosa postera, Palmatolepis rugosa rugosa, Palmatolepis rugosa spp., 
Palmatolepis subperlobata, Palmatolepis tenuipunctata, Paltodus sp., Parachirognathus 
petrae-viridis, Plectospathodus extensus, Polygnathus nodocostata, Polygnathus sp., 
Pseudopolygnathus micropunctata, Roundya lautissima, Spathognathodus bidentatus, 
Spathognathodus gondolelloides, Spathognathodus homeri, Spathognathodus inclinatus, 
Spathognathodus steinhornensis cf. eosteinhornensis, Trichonodella excavata, Trichonodella 
aff. excavata, Trichonodella inconstans, Trichonodella aff. symmetrica

Kardamyla Silurian 
(Wenlock to 
Ludlow)

38

Ancoradella ploeckensis, Carniodus carinthiacus, Carniodus cf. carnulus, Hindeodella 
equidentata, Kockelella variabilis, Ligonodina salopia, Ligonodina silurica, Lonchodina 
greilingi, Lonchodina walliseri, Neoprioniodus excavatus, Neoprioniodus latidentatus, 
Neoprioniodus multiformis, Neoprioniodus subcarnus, Ozarkodina crassa, Ozarkodina media, 
Ozarkodina ziegleri ziegleri, Ozarkodina sp., Plectospathodus extensus, Polygnathoides 
emarginatus, Polygnathoides siluricus, Spathognathodus inclinatus inclinatus, Spathognathodus 
pennatus pennatus, Trichonodella excavata, Trichonodella inconstans, Trichonodella sp.

Kardamyla Upper Devonian 
(Famennian)

38, 39

Bispathodus stabilis, Palmatolepis distorta, Palmatolepis glabra glabra, Palmatolepis glabra 
pectinata, Palmatolepis gracilis gracilis, Palmatolepis gracilis sigmoidalis, Palmatolepis minuta 
minuta, Palmatolepis perlobata schindewolfi, Palmatolepis perlobata sigmoidea, Palmatolepis 
quadrantinodosa inflexa, Palmatolepis quadrantinodosa marginifera, Polygnathus communis, 
Polygnathus vogesi, Polygnathus sp., Pseudopolygnathus marburgensis
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Metochi–Megali Rachi Lower to Middle 
Triassic 
(Olenekian to 
Anisian)

37

Enantiognathus ziegleri, Gladigondolella tethydis, Hibbardella sp., Hindeodella bitorta, 
Hindeodella triassica, Lonchodina latidentata, Lonchodina muelleri, Lonchodina venusta, 
Neogondolella mombergensis, Ozarkodina cf. kockeli, Ozarkodina sp., Roundya sp., 
Spathognathodus gondolelloides, Spathognathodus homeri

Anavatos Lower to Middle 
Triassic 
(Olenekian to 
Ladinian)

40

Apatognathus radiatus, Enantiognathus ziegleri, Eurygnathodus costatus, Gladigondolella 
carinata, Gladigondolella tethydis, Hindeodella bitorta, Hindeodella multihamata, Hindeodella 
raridenticulata, Hindeodella triassica, Hindeodella sp., Lonchodina muelleri, Lonchodina 
spengleri, Lonchodina venusta, Neogondolella aegea, Neogondolella mombergensis, 
Neogondolella navicula, Neoprioniodus cf. bicuspidatus, Ozarkodina ? fisticulata, Ozarkodina 
tortilis, Ozarkodina turgida, Parachirognathus petrae-viridis, Prioniodella pectiniformis, 
Prioniodina kochi, Roundya lautissima, Roundya sp., Spathognathodus gondolelloides, 
Spathognathodus homeri, Spathognathodus cf. triangularis

Vrontados Carboniferous 40
Idiognathoides attenatus

Rema Armenis Middle Triassic 
(Anisian to 
Ladinian)

40

Apatognathus radiatus, Enantiognathus ziegleri, Gladigondolella tethydis, Hibbardella cf. 
nevadensis, Hibbardella sp., Hindeodella multihamata, Hindeodella triassica, Lonchodina 
discreta, Lonchodina muelleri, Lonchodina venusta, Neogondolella aegaea, Neogondolella 
mombergensis, Neogondolella navicula, Ozarkodina kockeli, Ozarkodina saginata, Ozarkodina 
tortilis, Parachirognathus petrae-viridis, Prioniodella ctenoides, Prioniodella pectiniformis, 
Prioniodina kochi, Prioniodina cf. kochi, Prioniodina mediocris, Roundya magnidentata, 
Roundya sp., Spathognathodus gondolelloides, Spathognathodus homeri

Latomi Lower to Middle 
Triassic (Induan 
to early Anisian)

40

Hindeodella multihamata, Hindeodella triassica, Lonchodina cf. muelleri, Prioniodella 
prioniodellides, Spathognathodus homeri

Agios Markos upper 
Carboniferous

40

Apathognathodus sp., Hibbardella sp., Hindeodella sp., Lonchodina sp., Neoprioniodus ? sp., 
Ozarkodina sp., Roundya sp., Spathognathodus sp., Spathognathodus sp. aff. triangularis

Kephalovouni Lower Triassic 
(Olenekian)

40

Apatognathus radiatus, Apatognathus sp., Gladigondolella carinata, Hindeodella bitorta, 
Hindeodella ceweki, Hindeodella raridenticulata, Hindeodella triassica, Lonchodina discreta, 
Lonchodina muelleri, Ozarkodina ? fisticulata, Ozarkodina cf. delicatula, Ozarkodina saginata, 
Ozarkodina tortilis, Ozarkodina turgida, Roundya sp., Spathognathodus homeri, 
Spathognathodus triangularis, Spathognathodus cf. triangularis
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Locality Series/stages
Basic 
references

Marathovouno Lower to Middle 
Triassic (Induan 
to Ladinian)

24, 40–44

Anastrophognathus sagittalis, Apatognathus mitzopouli, Apatognathus radiatus, 
Apatognathus ziegleri, Ctenognathus chionensis, Gladigondolella carinata, Gladigondolella 
tethydis, Gladigondolella triangularis, Gondolella regalis, Gondolella timorensis, Hadrontina 
sp., Hibbardella triassica, Hindeodella bitorta, Hindeodella ceweki, Hindeodella multihamata, 
Hindeodella raridenticulata, Hindeodella stoppeli, Hindeodella triassica, Hindeodella sp., 
Lonchodina cf. muelleri, Lonchodina discreta, Lonchodina muelleri, Lonchodina spengleri, 
Lonchodina venusta, Neogondolella aegaea, Neogondolella mombergensis, Neogondolella 
navicula, Neogondolella regale, Neogondolella timorensis timorensis, Neospathodus homeri, 
Neospathodus triangularis, Ozarkodina ? fisticulata, Ozarkodina saginata, Ozarkodina tortilis, 
Ozarkodina turgida, Parachirognathus petrae-viridis, Prioniodella ctenoides, Prioniodella 
pectiniformis, Prioniodella prioniodellides, Prioniodina kochi, Prioniodina cf. prona, Roundya 
lautissima, Roundya sp., Spathognathodus cf. cristagalli, Spathognathodus gondolelloides, 
Spathognathodus homeri, Spathognathodus triangularis
Marmarotrapeza Lower to Middle 

Triassic 
(Olenekian to 
Anisian)

13, 40, 
45, 46

Gladigondolella carinata, Gladigondolella malayensis budurovi, Gladigondolella tethydis, 
Gondolella aegaea, Gondolella jubata, Gondolella mombergensis, Gondolella regale, 
Gondolella timorensis, Hindeodella sp., Lonchodina cf. muelleri, Neospathodus homeri, 
Neospathodus triangularis, Ozarkodina ? fisticulata, Ozarkodina saginata, Polygnathus 
carinata, Polygnathus tethydis, Prioniodina kochi, Spathognathodus gondolelloides, 
Spathognathodus homeri, Spathognathodus triangularis, Spathognathodus cf. triangularis

Agia Anna middle Silurian 
to Upper 
Devonian

47

Belodella sp., Hindeodella equidentata, Ligonodina sp., Lonchodina greilingi, Lonchodina 
walliseri, Neoprioniodus bicurvatus, Ozarkodina denckmanni, Paltodus recurvatus, 
Plectospathodus extensus, Polygnathoides siluricus, Spathognathodus inclinatus, Trichonodella 
symmetrica

Agia Anna Lower Triassic 
(Olenekian)

40

Apatognathus radiatus, Enantiognathus ziegleri, Hindeodella raridenticulata, Hindeodella 
triassica, Lonchodina venusta, Ozarkodina ? fisticulata, Ozarkodina turgida, Roundya sp., 
Spathognathodus homeri, Spathognathodus triangularis

Parthenis Middle Devonian 40
Bellodella cf. triangularis, Hibardella sp., Lonchodina sp., Spathognathodus cf. triangularis

Parthenis Lower to Middle 
Triassic 
(Olenekian to 
early Anisian)

40, 48
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Locality Series/stages
Basic 
references

Apatognathus mitzopouli, Apatognathus radiatus, Apatognathus sp., Enantiognathus ziegleri, 
Gladigondolella carinata, Hibbardella triassica, Hindeodella multihamata, Hindeodella sp., 
Hindeodella triassica, Lonchodina muelleri, Ozarkodina tortilis, Ozarkodina turgida, 
Pachycladina ? sp., Prioniodella prioniodellides, Prioniodina mediocris, Roundya 
magnidentata, Roundya meissneri, Spathognathodus gondolelloides, Spathognathodus homeri, 
Spathognathodus triangularis

Korakaris Middle to Upper 
Triassic (Anisian 
to Carnian)

40

Enantiognathus ziegleri, Gladigondolella tethydis, Lonchodina muelleri, Neogondolella aegaea, 
Neogondolella navicula, Neogondolella palata, Ozarkodina saginata, Ozarkodina tortilis, 
Prioniodella pectiniformis, Prioniodina kochi, Roundya sp., Spathognathodus gondolelloides, 
Spathognathodus sp., Tardogondolella abneptis

Agios Georgios Sykousis Upper 
Pennsylvanian

40

Gnathodus cf. noduliferus, Gnathodus cf. opimus, Gnathodus cf. roundyi, Gnathodus n. sp., aff. 
sicilianus, Gnathodus noduliferus, Gnathodus wapanuckensis, Hadrodontina ? sp., Hibbardella 
sp., Hindeodella sp., Idiognathoides cf. convexus, Idiognathoides ouachitensls, Idiognathoides 
sp. aff. ouachitensis, Ligonodina ? sp., Lonchodina sp., Ozarkodina delicatula, Ozarkodina sp., 
Spathognathodus sp., Streptognathodus ex aff. elongatus, Subbryantodus sp., Synprioniodina sp.
Corfu
Foustapidima Cape Upper Triassic 

(Carnian)
17

Polygnathus abneptis

Crete
Voutas upper 

Carboniferous to 
Middle Triassic

49, 50

Anastrophognathus sagittalis, Ellisonia sp., Enantiognathus petraeviridis, Gladigondolella 
carinata, Gladigondolella malayensis, Gondolella foliata foliata, Gondolella foliata inclinata, 
Gondolella jubata, Gondolella orientalis, Gondolella planata, Gondolella subcarinata, 
Gondolella sp., Hadrodontina anceps, Hindeodus minutus, Icriospathodus collinsoni, 
Metapolygnathus japonicus, Neospathodus cristagalli, Neospathodus dieneri, Neospathodus 
homeri, Neospathodus longiusculus, Neospathodus sp., Neospathodus triangularis, 
Pachycladina inclinata, Pachycladina longispinosa, Pachycladina symmetrica, Xaniognathus 
turgidus, Xaniognathus sp.

Sfinari upper 
Carboniferous to 
Triassic

51

Cavusgnathus sp., Gladigondolella malayensis, Gnathodus angustus, Gondolella sp. ex aff. G. 
auriformis, Gondolella denuda, Gondolella intermedia, Gondolella laevis, Gondolella 
nepalensis, Gondolella tadpole, Gondolella sp., Hindeodus minutus, Idiognathodus tersus, 
Idiognathodus togashii, Idiognathoides sinuatus, Metapolygnathus abneptis, Metapolygnathus 
mirautae, Metapolygnathus sp., Neognathodus bassleri, Neognathodus sp., Neognathodus 
symmetricus, Neospathodus homeri, Pachycladina sp., Spathognathodus orphanus, 
Streptognathodus elegantulus, Streptognathodus gracilis, Streptognathodus ruzhencevi, 
Streptognathodus sp.

Kambos upper 
Carboniferous to 
Triassic

51
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Locality Series/stages
Basic 
references

Ellisonia sp., Furnishius triserratus, Neospathodus dieneri, Neospathodus longiusculus, 
Neospathodus waageni, Pachycladina longispinosa, Pachycladina sp., Pachycladina symmetrica

Paleochora upper 
Carboniferous to 
Triassic

51

Neospathodus homeri, Ellisonia sp.

Skafi upper 
Carboniferous to 
Triassic

51

Neospathodus sp., Neospathodus homeri

Myrsini lower Permian to 
Lower Triassic

52

Cypridodella sp., Diplognathodus sp., Ellisonia sp., Enantiognathus sp., Eurygnathodus 
costatus, Eurygnathodus paracostatus, Gondolella asiatica, Gondolella gujioensis, Gondolella 
idahoensis, Gondolella intermedia, Gondolella planata, Gondolella sp., Hindeodus minutus, 
Hindeodus sp., Iranognathus sp., Neohindeodella triassica, Neospathodus cristagalli, 
Neospathodus dieneri, Neospathodus pakistanensis, Neospathodus waageni, Neospathodus sp., 
Ozarkodina sweeti, Ozarkodina sp., Prioniodina mitzopouli, Prioniodina sp., Sweetognathus 
bogolovskajae

Skopi Lower to Middle 
Triassic 
(Olenekian to 
Anisian)

52

Diplododella bidentata, Ellisonia sp., Enantiognathus bitortus, Gladigondolella carinata, 
Gondolella ? timorensis, Neohindeodella sp., Neospathodus homeri, Neospathodus cf. homeri, 
Neospathodus cf. triangularis, Neospathodus sp., Ozarkodina turgida, Ozarkodina sp.

Tripokefala Lower to Middle 
Triassic 
(Olenekian to 
Anisian)

52

Anastrophognathus sagittalis, Enantiognathus bitortus, Ellisonia sp., Enantiognathus sp., 
Gladigondolella tethydis, Gondolella bulgarica, Gondolella cf. regalis, Neohindeodella sp., 
Neospathodus homeri, Ozarkodina tortilis, Ozarkodina turgida, Prioniodina (Cypridodella) 
muelleri

Ziros Upper Triassic 53
Conodont fragments indet.

1Lekkas (1986), 2Ardaens (1978), 3Ferriere (1974), 4Wigniolle (1977), 5Celet (1977), 6Johns 
(1977), 7Vrielynck and Kauffmann in Fleury (1980), 8Vrielynck in Fleury (1980), 9Steuber (1991), 
10Clement (1977), 11De Bono et al. (2001), 12Caridroit et al. (2000), 13Bender and Kockel (1963), 
14Flament (1973), 15Kozur in Thiebault (1982), 16Terry (1969), 17Huckriede (1958), 18Krystyn and 
Mariolakos (1975), 19Vrielynck (1978a), 20Vrielynck (1978b), 21Vrielynck (1980), 22Baumgartner 
(1985), 23Mauvier in Decourt 1964, 24 Bender 1968b, 25Bender et  al. (1960), 26Dürkoop et  al. 
(1986), 27Noyan and Kozur (2007), 28Muttoni et  al. (1994), 29Muttoni et  al. (1997), 30Angiolini 
et al. (1992), 31Nestell and Wardlaw (1987), 32Römermann (1968), 33Argyriou et al. (2017), 34Herget 
and Roth (1968), 35Groves et al. (2003), 36Zanchi et al. (2003), 37Roth (1968), 38Kauffmann (1965), 
39Larghi et  al. (2005), 40Tietze (1969), 41Bender (1968a), 42Besenecker et  al. (1968), 43Assereto 
et al. (1980), 44Muttoni et al. (1995), 45Gaetani et al. (1992), 46Jacobshagen et al. (1993), 47Walliser 
in Tietze (1969), 48Tietze in Jacobshagen and Tietze (1974), 50Kozur and Krahl (1984), 51Krahl 
et al. (1983), 52Krahl et al. (1986), 53Zambetakis–Lekkas (1977)
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The Fossil Record of Ray-Finned Fishes 
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1  Introduction

A continuously thickening count of over 33,000 living species, already surpassing 
that of all other vertebrate species combined, renders Actinopterygii (ray-finned 
bony fishes) the most diverse clade of vertebrate animals (Nelson et  al. 2016; 
Eschmeyer and Fong 2019). This vast taxonomic richness is coupled with an 
astounding array of anatomical, feeding, reproductive, locomotory, and other 
biological specializations, which enabled ray-fins to conquer most aquatic niches on 
the planet (from abyssal plains to hypersaline volcanic lakes), and to even glide, or 
crawl, outside the aquatic medium (Helfman et al. 2009; Nelson et al. 2016; Froese 
and Pauly 2019).

Actinopterygian origins date back to at least the late Silurian (~425  Ma), as 
inferred by the age of the first fossils of their sarcopterygian sister group (Zhu et al. 
2009). The oldest definitive actinopterygian fossils are dated in the Early and Middle 
Devonian (Giles et al. 2015; Lu et al. 2016). Similarly, all major living actinopterygian 
lineages (Cladistia; Chondrostei; Neopterygii) are widely thought to have diverged 
in the Paleozoic (Near et al. 2012; Broughton et al. 2013; Sallan 2014; Betancur-R 
et al. 2015; Friedman 2015), but their first accepted occurrences are in early and 
middle Mesozoic rocks (Olsen 1984; Hilton and Forey 2009; Giles et al. 2017). The 
current taxonomic dominance of actinopterygians relative to other aquatic 
vertebrates was foreshadowed by their impressive Triassic radiation(s), in the 
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aftermath of the catastrophic Permian-Triassic extinction (~251 Ma; Friedman and 
Sallan 2012; Romano et  al. 2016), and the appearance of Telostei in the Middle 
Triassic (total group: Tintori et al. 2015; Arratia 2017). The Cretaceous–Paleogene 
Extinction (K/Pg) led to the complete eradication or decimation of several long- 
lasting Mesozoic actinopterygian lineages, especially in marine waters (Friedman 
2009; Friedman and Sallan 2012; Guinot and Cavin 2016). Paleogene and younger 
radiations in the newly emptied ecological spaces marked the beginning of a new 
era in the evolutionary history of the clade, in which Teleostei, largely represented 
by members of the ostariophysan (mostly in freshwaters) and acanthomorph (spiny- 
rayed fishes) super-radiations, are established as dominant vertebrate components 
of global aquatic niches (Alfaro et al. 2009, 2018; Sibert and Norris 2015).

The long evolutionary history of ray-finned fishes is evidenced by a particularly 
rich fossil record. Stratified aquatic deposits can yield large numbers of articulated, 
yet flattened individuals (for some examples from Greece, see Gaudant 2001, 2004). 
Laminated rocks, corresponding to rapid deposition and low energy and low bottom 
oxygenation environments, can sometimes allow the preservation of very delicate 
structures, such as gut contents, embryos, or even soft tissues and pigments (e.g., 
Viohl 1990; Vinther 2015; Argyriou et al. 2016; Maxwell et al. 2017), allowing for 
painting a more vivid picture of past ecosystems and biotic interactions within them, 
while providing important insights into the evolution of key anatomical structures 
and biological specializations. Three-dimensional anatomical structure is only 
rarely preserved in fossil actinopterygians, but such fossils can allow the study of 
structures that are lost in flattened individuals (e.g., braincases, sensory endocasts, 
gill skeletons), and are of tremendous value to paleontologists, especially in light of 
modern fossil imaging and investigation techniques (Friedman et al. 2015; Argyriou 
et al. 2018). Equally important biological and geological information often derives 
from studies of identifiable ichthyoliths (isolated bones, scales and teeth, Bellas 
et al. 1998; Argyriou et al. 2015; Vasileiadou et al. 2017) and otoliths, (e.g., Agiadi  
et al. 2013, 2019; Agiadi this volume). Due to their exquisite fossil record, actinop-
terygians constitute an excellent means for studying the evolution of aquatic life on 
the planet, and its response to major biotic crises and extinctions (Friedman and 
Sallan 2012; Guinot and Cavin 2016; Romano et al. 2016). At the same time, the 
largely ectothermic traits, in conjunction with the strict environmental and habitat 
preferences of most ray-fins (e.g., Helfman et al. 2009), establish their fossil record 
as a powerful tool for making paleoenvironmental and paleobiogeographical infer-
ences (Gaudant 2002; Landini and Sorbini 2005a; Argyriou et al. 2015; Carnevale 
et al. 2018), often through the scope of isotope geochemistry (e.g., Otero et al. 2011).

Historically, the study of fossil actinopterygians has been associated with several 
challenges, chief of which is the sheer richness of actinopterygian biodiversity and 
fossil record, which encompasses numerous groups of tens or hundreds of millions 
of years of divergent evolutionary histories (Friedman and Sallan 2012; Near et al. 
2012; Broughton et al. 2013; Betancur-R et al. 2015; Friedman 2015; Nelson et al. 
2016). As a result, commonly used synapomorphies for many clades of ray-fins—
mostly teleosts—are established on modern taxa alone, and their validity has not 
been questioned by large-scale phylogenetic analyses (see, e.g., Wiley and Johnson 
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2010). Placing early diverging fossil taxa without closely related modern 
representatives on the tree of life is an extremely difficult task and constitutes a 
frontier in current paleoichthyology (Sallan 2014; Friedman 2015; Giles et al. 2017; 
Argyriou et al. 2018). Even when modern-looking forms are examined, their study 
usually requires consultation of extensive comparative materials in collections. 
Often limited anatomical information coming from two-dimensionally flattened 
fossils, as well as prevalent issues related to structural homology—mostly 
encountered when examining deeply nested forms (Schultze 2008)—pose additional 
obstacles for deciphering the fossil record and history of the clade.

Fossil actinopterygians form an extremely important, but historically overlooked, 
component of Greek vertebrate paleontological research. This synthesis aims at 
bringing together available information on the rich record of body fossils of the 
clade in Greece and critically assessing historical attributions in terms of validity 
and reliability—at least according to the opinion of the author, and based on a 
critical review of the literature. By placing all relevant occurrences in an up-to-date 
systematic, geographic, and stratigraphic context, it is anticipated that this chapter 
will fuel future paleo-ichthyological research in Greece.

2  Historical Overview and Collection Information

Actinopterygians from the Miocene of Kymi, Euboea, were the first to attract scien-
tific attention on fishes from Greece, during the 1800s (de Waldheim 1838, 1850; 
Valenciennes 1861; Gaudry 1862; Unger 1867), but these early authoritative—
rather than synapomorphy-based—taxonomic assessments are in need of revision, 
especially since they are not accompanied by adequate figures of the material. Fossil 
cyprinodontids were discovered in the Messinian of Crete by Raulin (1861) and 
were later revisited by Woodward (1901). In the same work, Woodward updated the 
taxonomic status of fossil percomorphs from Kymi, first described by de Waldheim 
(1838, 1850), on the basis of material in the collections of what is nowadays the 
Natural History Museum of London (but see Centropomidae section below). After 
a four-decade hiatus, Weiler described a fossil clupeid from the Miocene of Serres 
Basin (Weiler 1943).

The second half of the twentieth century saw an increase in interest in the study 
of Greek ray-fin fossil record. Kottek described some fragmentary leptolepid 
remains from the Toarcian (Early Jurassic) of Leukada, which derive from a since 
unexplored, and allegedly rich fossil fish bonebed near the village of Anavryssada 
(Kottek 1964). This represents the stratigraphically oldest occurrence of fossil ray- 
fins in Greece known to date. Melentis was the first Greek paleontologist to publish 
on fossil actinopterygians (Melentis 1967a, b). Unfortunately, his accounts of a 
†pycnodontid from the Cenomanian (Late Cretaceous) of Lindos, Rhodos, should 
be treated with extreme caution (see †Pycnodontidae section below). Important, but 
largely overlooked and preliminary taxonomic lists and figures of Late 
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Cretaceous–Paleogene actinopterygians from Eurytania, have been provided in a 
stratigraphic monograph by Koch and Nikolaus (1969).

Symeonidis and Bachmayer set the stage for later work on the diverse Neogene 
marine ichthyofaunas of Crete (Symeonidis 1969; Bachmayer and Symeonidis 
1978; Bachmayer et al. 1984). Their taxonomic results in the case of the so-called 
†Mene psarianosi (= †Alectis psarianosi) and their newly erected syngnathiform 
species have been since revised (Bannikov 1987; Bürgin 1994; Gaudant 2001, 
2004). Müller and Strauch (1994) also provided a short account of a fossil assem-
blage from the Pliocene of Prassas, Crete, which was subsequently revised (Gaudant 
2001). Another interesting assemblage, containing both articulated skeletons, ich-
thyoliths and otoliths from the Messinian of Karpathos, was presented by Bellas et 
al. (Bellas et al. 1998). The bulk of research on Neogene marine actinopterygians 
was led by Gaudant between the late 1970s and the early 2010s. These works 
expanded on the alpha-taxonomic status and paleoenvironmental implications of 
fossils from Aegina (Gaudant et al. 2010b), Attiki (Gaudant and Symeonidis 1995), 
Crete (Gaudant 1979, 1980, 2001, 2004, 2014b; Gaudant et al. 1994, 1997a) and 
Gavdos Island (Gaudant et al. 2005, 2006), highlighted the richness and potential of 
the Miocene–Pliocene actinopterygian archive of Greece, and also contributed data 
for downstream analyses of Mediterranean actinopterygian diversity changes dur-
ing the latter part of the Cenozoic (Gaudant 2002; Landini and Sorbini 2005a). Yet, 
detailed descriptions of Neogene actinopterygians from Greece and their systematic 
treatment are still lacking for the most part.

Few treatments of the Greek record of ray-fins have been published in the past 
two decades. Careful anatomical and systematic work on Tortonian (Přikryl and 
Carnevale 2017) and Pliocene (Sorbini and Tyler 2004) actinopterygians from Crete 
revealed the presence of new fossil species, indicating that actinopterygian diversity 
and taxonomy in the Neogene of Crete, and conceivably elsewhere in Greece, 
remain underappreciated. The study of Maastrichtian actinopterygians from Gavdos 
Island represents the first recent attempt to investigate the pre-Cenozoic fossil 
record of actinopterygians of the country (Cavin et al. 2012). The first investigation 
of microscopic ichthyoliths from Greek freshwater deposits (early Miocene, Lesvos 
Island) was only published a few years ago (Vasileiadou et al. 2017). Furthermore, 
a recently completed MSc. thesis has shed light on the late Miocene freshwater–
brackish clupeids of Aidonochori, Serres Basin, Northern Greece (Kevrekidis 
2016). Finally, a new study dealing with the Maastrichtian–Paleogene actinopterygian 
assemblages from Eurytania has been made available  while this work was in 
press (Argyriou and Davesne 2021).

Over 170  years of research have contributed significantly toward creating a 
framework for the temporal, stratigraphic, and geographical distribution of fossil 
ray-fins in Greece, while also providing taxonomic assessments of relevant 
assemblages. At the same time, past research efforts have been sporadic and/or have 
largely concluded at a preliminary level, without tapping the potential informativeness 
of this rich record for a variety of subjects. These include the evolutionary histories 
and paleobiogeography of Eastern Mediterranean marine and freshwater faunas, or 
the study of major events, such as the K/Pg Extinction and the Messinian Salinity 
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Crisis. Unlike late Cenozoic mammals (see relevant chapters in this volume), 
research on the actinopterygian record of Greece has not received enough scientific 
attention and is still in its infancy (but see otoliths in Agiadi this volume). Detailed 
descriptions of Greek fossils are largely wanting, and older taxonomic assessments 
are in dire need of revision, posing obstacles for further analytical work. This is 
further exacerbated by the lack of organized collections of fossil fishes and recent 
comparative material in Greek institutions. A rudimentary-only collection of 
Cretaceous–Pliocene fossil fishes is housed at the AMPG (organized by the author 
and S.  Roussiakis).  Additionally, numerous teleostean skeletons from several 
Neogene  localities of Crete (mainly  Bregmaceros and Spratelloides  from the 
Heraklion Basin) form part of the collections of the Natural History Museum of 
Crete. By contrast, rich collections from the Cretan Neogene are housed in the 
Natural History Museum of Vienna (Gaudant 2001, 2004). Some few findings from 
the Miocene of Kymi, Euboea (Gaudry 1862; T.A. personal observations and 
communication with Giorgio Carnevale) and the Zanclean of Aegina Island 
(Gaudant et al. 2010b) are housed in the MNHN, Paris, while additional fossils from 
the Miocene of Crete and possibly Kymi are housed in the Natural History Museum 
of London (Woodward 1901).

3  Phylogenetic Relationships

Actinopterygians are widely accepted as a monophyletic group, despite owing their 
name to their rayed fins, which are also present in sarcopterygians (Friedman 2015). 
Combinations of hard-tissue synapomorphies [(i) absence of jugal canal; (ii) 
presence of median aortic canal in the occiput; (iii) absence of endoskeletal basal 
plates of dorsal and anal fins; (iv) narrow interorbital septum; (v) lateral cranial 
canal; (vi) posteriorly expanded supratemporals; (vii) acrodin caps on teeth; (viii) 
fenestrated metapterygoidean portion of palatoquadrate; (ix) perforate propterygium 
embraced by fin rays; (x) presence of ganoine] are employed to distinguish Paleozoic 
actinopterygians from other osteichthyes, though, naturally, distinguishing lines 
dim when examining deeply nested taxa (Friedman 2015; Giles et  al. 2015; Lu 
et al. 2016).

The relationships among actinopterygians—neopterygians and teleosts in par-
ticular—had been a matter of controversy (e.g., see Patterson 1973 vs. Grande 2010, 
for the status of Holostei; Patterson and Rosen 1977 vs. Arratia 1997, for identifying 
the deepest branch of crown group Teleostei; or Davesne et al. 2016 for a summary 
of the complicated history of acanthomorph interrelationships) before the establish-
ment of reliable molecular systematic methodologies (Near et  al. 2012, 2013; 
Betancur-R et al. 2015; Hughes et al. 2018). More recent morphology-based inves-
tigations are slowly bridging the gap between molecular and morphological phylo-
genetic hypotheses (e.g., Grande 2010; Davesne et al. 2016). It is now accepted that 
extant Actinopterygii are distributed across three major lineages of inferred 
Paleozoic origins: the basally diverging Cladistia (ropefish and bichirs); Chondrostei 
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(sturgeons and paddlefish); and Neopterygii, with the latter including the nowadays 
depauperate Holostei (gars and bowfin) and the overabundant Teleostei (Near et al. 
2012; Betancur-R et al. 2015, 2017; Nelson et al. 2016; Hughes et al. 2018). The 
relationships of the major groups of ray-finned fishes found in Greece are shown 
in Fig. 1.

Teleostei account for ~99% of living actinopterygian species and are strongly 
supported as monophyletic by both morphological and molecular data (Near et al. 
2012; Betancur-R et al. 2013, 2015; Broughton et al. 2013; Arratia 2017; López- 
Arbarello and Sferco 2018). Numerous hard-tissue synapomorphies support teleost 
monophyly, including: (i) orbital region of skull narrower than postorbital; (ii) 
presence of one suborbital bone between the posterodorsal margin of the infraorbital 

Fig. 1 Fossil record and time-calibrated phylogenetic relationships of major groups of Greek fos-
sil fishes (skeletal record only). Only occurrences considered as valid herein are taken into account. 
Occurrences marked in darker gray boxes correspond to better constrained ages (usually biostrati-
graphically). White occurrence boxes correspond to broadly or tentatively assigned ages. 
Phylogenetic placement and time calibrations for extant groups follow Betancur-R et  al. 2017. 
Placement of fossil taxa is as follows: †Pycnodontidae are established as non-teleosteomorphs; 
†Leptolepididae and †Ichthyodectoidei (†Ichthyodectiformes) sensu Arratia 2017; †Dercetidae 
and †Enchodontidae as closely related to modern Aulopifomes sensu Davis and Fielitz 2010, 
although an agnostic placement of fossil taxa relative to extant ones is preferred here. Results from 
Argyriou and Davesne (2021) were not incorporated in the  figures, or the text, as this  work 
became available after the preparation of this chapter
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series and the opercular apparatus; (iii) presence of two supramaxillae; (iv) lower 
jaw articulation located ventral to the posterior margin of the orbit; (v) articular 
fused with angular and retroarticular; (vi) notch on ascending margin of dentary; 
(vii) coronoid process formed by angular and dentary; (viii) lateral ridge on dentary 
separating dental and splenial portions of lower jaw; (ix) long epineural processes; 
(x) presence of 20–26 principal rays; (xi) presence of an enlarged dorsal scute 
preceding caudal fin (sensu Arratia 2017).

Apart from one problematic occurrence of a Cenomanian †pycnodontid in 
Rhodos Island (Melentis 1967a, b), the Greek actinopterygian archive is exclusively 
populated by teleosts (Appendix). †Leptolepid remains from the Toarcian of 
Leukada (Kottek 1964) represent the only ascertained stem teleost occurrence in 
Greece while all remaining occurrences correspond to members of crown group 
lineages. Reliably documented Mesozoic actinopterygians from Greece have been 
ascribed to extinct families (e.g., †Dercetidae, †Enchodontidae; see Koch and 
Nikolaus 1969; Cavin et al. 2012), whereas Cenozoic fossils have been predictably 
included in extant taxa (families, genera, and in some cases to the species-level; see 
Appendix) on the basis of broad morphological and meristic similarities. The 
phylogenetic affinities of Greek actinopterygian fossils have not yet been explored, 
to the exclusion of Enchodus cf. dirus from the Maastrichtian of Gavdos Island 
(Cavin et al. 2012).

4  Distribution in Greece and Nature of Deposits

As noted above, ray-finned fishes, and teleosts in particular, are expected to have 
gradually expanded their occupation of most aquatic ecological niches on the planet, 
especially after the Paleozoic (Friedman and Sallan 2012). They are thus expected 
to be present in sedimentary rocks that were deposited in a large spectrum of 
paleoenvironments, ranging from offshore and deep marine waters, to fluvial, or 
lacustrine freshwaters. However, freshwater deposits (and included fossils) are 
more difficult to be preserved in the geological record, due to their relative 
ephemerality and patchiness. It is thus unsurprising that the vast majority of fossil 
ray-fins in Greece come from marine deposits. To paint a more complete picture of 
the Greek fossil record, locality information mined from gray literature (e.g., 
conference, abstracts field guides, and unpublished theses), stratigraphic and 
sedimentological works from the 1970s to the 2010s, or deriving from personal 
observations of the author and communication with colleagues is also taken into 
account. A brief summary of fossiliferous localities, ages, and paleoenvironments is 
given below, and more extensively in the Appendix; these lists might not be 
exhaustive.

Marine Occurrences At least 33 indisputably marine, or likely marine localities 
have been recognized in Greece, although not all have been subjected to proper col-
lecting and study (Fig. 2). The marine actinopterygian record of Greece begins with 
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Fig. 2 Map of the occurrences of fossil ray-finned fishes from Greece. See Appendix for further 
information. Marine occurrences: 1, Northern Milos (Pliocene–Pleistocene); 2, near 
Frangokastello (middle–late Pliocene); 3, Rouphas (Piacenzian, late Pliocene); 4, Stavromenos 
(Piacenzian); 5, Amnissos (Piacenzian); 6, Voutes (Piacenzian); 7, Prassas (Piacenzian); 8, Gournes 
(Piacenzian); 9, Aghia Marina (Piacenzian?,); 10, Aghios Thomas (Zanclean); 11, Faros, Aegina 
(Zanclean?, early Pliocene?); 12, Temple of Aphrodite, Aegina (Zanclean?, early Pliocene?); 13, 
Kalamaki (Pliocene); 14, Akropotamos (Messinian); 15,  ‘Unit b’,  Pigadia Basin (Messinian); 
16, Tsangaraki (late Messinian); 17, Mires (late Messinian); 18, unknown locality near Rethymnon 
(Messinian?); 19, Psalida (Tortonian-early Messinian); 20, Metochia (Tortonian–Messinian); 21, 
Karave (Tortonian); 22, Aghia Paraskevi Chapel (Tortonian); 23, 400  m from Aghia Paraskevi 
Chapel (Tortonian); 24, type strata of Makrylia Fm. (Tortonian), 25, Keri (Tortonian); 26, unknown 
locality in Kefallonia (late Miocene?); 27, Aghioi Theodoroi (Paleocene); 28, Gavdos (Pindos unit; 
late Maastrichtian); 29, near Megalopoli (Maastrichtian); 30, Aghia Trias-Domnianoi Road 
(Maastrichtian); 31, near Karpenisi (late Maastrichtian); 32, Lindos (Cenomanian?); 33, 
Anavryssada (Toarcian). Brackish and potentially brackish occurrences: 34, Vatera (Pliocene–
Pleistocene); 35, Voukolies (Messinian); 36, Kalergiana (Messinian); 37, Neo Khorio (Messinian); 
38, Kymi (early Miocene?). Freshwater occurrences: 39, Marathousa 1 (middle Pleistocene); 40, 
Florina–Ptolemais–Servia Basin (Messinian–Zanclean); 41, Ano Metochi (Messinian); 42, 
Thymiana (Burdigalian-Langhian); 43, Lapsarna (Burdigalian); 44, Aidonochori. Uncertain envi-
ronment: 45,  ‘Unit e’,  Pigadia Basin (middle Pleistocene),  46,  Gryllos-Mesovouni (Pliocene- 
Pleistocene); 47, lignite mine in Strymonas valley (Pliocene). See Appendix for more information. 
Image exported from Google Earth Pro © 2019, map data from US Dept. of State Geographer, 
SIO, NOAA, U.S. Navy, NGA, GEBCO, image from Landsat/Copernicus. Scale bar equals 80 km, 
North faces upward
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some poorly preserved †leptolepids from the Toarcian of the Ionian Unit, Leukada 
Island (Kottek 1964). Other published Mesozoic occurrences are restricted to the 
Cenomanian of Lindos, Rhodos Island (Melentis 1967a, b), and the terminal 
Maastrichtian of Pindos Unit, in Eurytania (Koch and Nikolaus 1969; Argyriou and 
Davesne 2021) and Gavdos Island (Cavin et al. 2012). Unpublished teleost remains 
are also present in Late Cretaceous exposures of Pindos Unit in Northern and cen-
tral Peloponnese (T.A. personal observations and personal communication with 
E. Koskeridou, G. Theodorou and K. Trikolas).

The Cenozoic record of Greece is very rich, but is largely skewed toward the late 
Miocene and Pliocene. The oldest reported Cenozoic occurrences come from flysch 
deposits of the Pindos Unit in Eurytania and are dated as Paleocene–early Eocene 
(Koch and Nikolaus 1969; Argyriou and Davesne 2021). Rich Tortonian marine 
assemblages can be found in the vicinity of Ierapetra and possibly Heraklion, Crete 
(Symeonidis 1969; Gaudant et  al. 1997a; Gaudant 2004), and Gavdos Island 
(Gaudant et al. 2005), while a fish- bearing, bituminous horizon in Keri, Zakynthos 
has been identified, but not yet studied (Dermitzakis 1979; T.A. personal observa-
tions). Messinian fossiliferous deposits predating the Messinian Salinity Crisis are 
widespread in Crete, Gavdos (Gaudant 1980; Gaudant et  al. 1997b, 2006)  and 
Karpathos (Bellas et  al. 1998), but only one poorly studied horizon is known in 
continental Greece, in Acropotamos, Kavala (Dermitzakis et al. 1986). Teleost teeth 
broadly ascribed to the late Miocene are also present in Kefalonia (pers. obs. on 
AMPG material; S.  Roussiakis pers. comm.). The most notable early Pliocene 
occurrences come from the diatomitic horizons of Aegina Island, but despite their 
potential informativeness regarding the state of the Mediterranean in the immediate 
aftermath of the MSC, they remain understudied (Gaudant et al. 2010b; Argyriou 
and Theodorou 2011). The late Pliocene of Heraklion Basin, Crete, hosts exception-
ally preserved and diverse ichthyofaunas (Gaudant et  al. 1994; Gaudant 2001). 
Additional Pliocene occurrences have been reported in Rethymno, Chania, and 
Attiki regions (Gaudant and Symeonidis 1995; Gaudant 2001; Sorbini and Tyler 
2004). Late Pliocene and Pleistocene fossiliferous horizons situated in Milos and 
Rhodos wait to be sampled and studied (Cornée et  al. 2006; Calvo et  al. 2012). 
Finally, wooden crates containing what appear to be unstudied marine teleost fossils 
from the Neogene are hosted in the collections of the AMPG (T.A. personal obser-
vations). Some of these fossils are wrapped in newspapers that treat the Russo-
Japanese war of 1904–1905 as current news, but no locality or collection information 
has been retrieved so far.

Freshwater and Brackish Occurrences Approximately six freshwater, and five 
brackish or potentially brackish occurrences have been reported. Burdigalian 
ichthyoliths from Lapsarna, Lesvos (Vasileiadou et al. 2017), and the early Miocene 
of SE Chios (Reichenbacher and Böhme 2004) constitute the oldest known 
freshwater fish assemblages in Greece. Ray-fin remains have been reported from the 
Messinian of Metochi, Serres (Georgalis et al. 2017); the Messinian–Zanclean of 
Florina-Ptolemais-Servia (Hordijk and de Bruijn 2009); and the Pleistocene of 
Marathousa, Megalopolis (Panagopoulou et al. 2018), but have not yet been studied.
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The understudied assemblages from Kymi, Euboea, are tentatively dated as early 
Miocene, and tentatively interpreted as brackish, based on the supposed euryhaline 
affinities of recognized taxa (de Waldheim 1838, 1850; Gaudry 1862; Unger 1867; 
Woodward 1901; Kottis et  al. 2002). Occurrences of †Aphanius crassicaudus in 
gypsiferous evaporitic deposits in Neo Khorio, Voukolies, and Kallergiana, Crete, 
have been identified as brackish and concurrent with the peak of the Messinian 
Salinity Crisis and the supposed desiccation of the Mediterranean in the late 
Messinian (Freuenthal 1969; Gaudant 1979, 2014b). However, there is evidence of 
primarily marine clupeids in the same beds, complicating this narrative (Gaudant 
1980). The Pliocene clupeids from Serres Basin (Weiler 1943), and unidentified 
Plio-Pleistocene ray-fins from Vatera, Lesbos (Drinia et  al. 2002), might also 
correspond to brackish, or freshwater deposits. New information on fresh or brackish 
waters of Greece is coming from the ongoing study of fossil clupeids from 
Aidonochori, Serres Basin (Kevrekidis 2016). Another possible addition to this list 
is the middle Pleistocene of Pigadia Basin in Karpathos Island. There, a vertebra 
possibly belonging to an ostariophysan—a group commonly found in freshwa-
ters—has been found (Bellas et al. 1998).

5  Systematic Paleontology

Due to the taxonomic and phylogenetic breadth covered in this chapter, this section 
is organized in monophyletic (when possible) families. Synapomorphies for each 
family are not given, as this lies beyond the scope of this work. Instead, the reader 
is referred to Wiley and Johnson (2010), Nelson et al. (2016), and Betancur-R et al. 
(2017) for basic information on morphological synapomorphies and redirection to 
specialized literature. Taxonomic ranks superior to the genus level are unnamed, 
since they are obsolete in a modern phylogenetic context. Information on naming 
authorities and type genera and species is largely based on Wiley and Johnson 
(2010) and Eschmeyer and Fong (2019). The order of families and classification are 
based on the scheme proposed by Betancur-R et  al. (2017), with fossil families 
being included according to their widely accepted position (see caption of Fig. 1). 
References regarding naming authorities, which are not also cited in the running 
text are not given in the reference list due to space constrains. Throughout the text 
and figures, extinct taxa are preceded by the dagger symbol ‘†’, following Patterson 
and Rosen (1977). Fossils that were not properly described and/or figured, or the 
geological context of which is problematic are only listed in the Appendix.

Actinopterygii sensu Goodrich, 1930

Neopterygii Regan, 1923

†Pycnodontiformes Berg, 1937
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†Pycnodontidae Agassiz, 1833

Type Genus †Pycnodus Agassiz, 1833.

†Coelodus Heckel 1854

Type Species †Coelodus saturnus Heckel, 1854.

Nomenclatural and Taxonomical History Initially described as †Coelodus 
muensteri (Melentis 1967a, b; Fig. 3a), but the specific attribution was subsequently 
challenged and removed (Schultz et al. 1997).

Distribution In Greece, this taxon is known only from the Cenomanian of Lindos, 
Rhodos (Melentis 1967a, b). Outside Greece, this taxon has been reported from 
Europe and the Americas, but only its European occurrences have been revised. The 
latter include the Upper Jurassic–Cenomanian of UK and continental Europe, 
including the Balkans as well (Schultz et al. 1997).

Comments This is a problematic occurrence, as the original locality and lithologi-
cal context are conjecturally established. Prior to its study (Melentis 1967a, b), the 
†pycnodontid in question was part of the private collection of a cleric, who had in 
turn bought it from a fossil vendor, as evidenced by the transaction receipt that 
accompanies the specimen in the collections of the AMPG (S.  Roussiakis pers. 
comm.; Fig. 3b). The fossiliferous facies that might have produced this fossil have 
not been since identified and explored for additional vertebrate remains. Therefore, 
the possibility that this specimen was not originally found in Rhodos, or even 
Greece, cannot be fully ruled out.

Fig. 3 (a) Lingual view of the prearticular toothplate of †Coelodus sp. (†Pycnodontidae; formerly 
assigned to †Coelodus muensteri by Melentis 1967a, b), from the Cenomanian of Lindos, Rhodos 
Island; (b) Scan of the sale receipt accompanying the original fossil (See text for details). Scale bar 
equals 1 cm
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Teleostei Müller, 1846 (sensu Arratia 2017)

†Leptolepididae Pictet, 1851

Type Genus †Leptolepis Agassiz, 1832.

Nomenclatural and Taxonomical History †Leptolepididae has a complicated 
taxonomic history and has been previously treated as a grade-like assemblage of 
primitive teleosts (Nybelin 1974; Arratia 1999, 2017; Arratia and Hikuroa 2010; 
Konwert and Stumpf 2017).

Distribution In Greece, this taxon is known from the Toarcian of the Ionian Unit, 
and particular from Aghios Ilias, Anavryssada, Lefkada Island (Kottek 1964). 
Outside Greece, †Leptolepididae s.l. appeared in the Early Jurassic of Western and 
Central Europe and seem to have had achieved a cosmopolitan distribution by the 
Middle Jurassic (Arratia and Hikuroa 2010; Konwert and Stumpf 2017).

Comments A partial maxilla and associated dentalosplenial of a †leptolepidid-like 
actinopterygian have been found in the Toarcian of Aghios Ilias (Anavryssada expo-
sure), Lefkada, and have been identified as †Leptolepis cf. coryphaenoides (Kottek 
1964). The material resembles †Leptolepis, but lacks any synapomorphies of the 
genus (Arratia 2017; Konwert and Stumpf 2017). This occurrence corresponds to 
the oldest record of actinopterygians in Greece, but should be treated as cf. 
†Leptolepididae indet. until more complete material becomes available.

†Ichthyodectiformes Bardack and Springle, 1969

†Ichthyodectoidei Romer, 1966

Distribution In Greece, †Ichthyodectoidei have only been reported from the 
Maastrichtian (Late Cretaceous) of the Pindos Unit, Gavdos Island (Cavin et  al. 
2012). Outside Greece, †Ichthyodectiformes are found in Bathonian (Middle 
Jurassic)–Maastrichtian (Late Cretaceous) marine, and, rarely, in brackish and 
freshwater deposits of all continents (Arratia et al. 2004; Cavin et al. 2013).

Comments This occurrence is based on a partially preserved postcranium from the 
Maastrichtian of Gavdos, which exhibits aspects of the caudal part of the vertebral 
column and associated dorsal, anal and caudal fins (Cavin et al. 2012). Similarities 
of the Gavdos specimen with †Saurodon elongatus from the Maastrichtian of 
Nardó, Italy, have been noted, but the specimen was left in open nomenclature due 
to its incomplete preservation (Cavin et al. 2012).

Clupeiformes Bleeker, 1859

Clupeidae Cuvier, 1817

Alosa Linck, 790

Type Species Alosa alosa (Linnaeus, 1758).
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Included Taxa †Alosa crassa (Sauvage, 1873); Alosa tanaica (Grim, 1901); 
†Alosa elongata Agassiz, 1843.

Nomenclatural and Taxonomical History †Alosa crassa is often included in the 
extant genus Sardina Antipa 1904, as †Sardina crassa, or †Sardina cf. crassa 
(Dermitzakis et al. 1986; Gaudant 2004, 2014b; Gaudant et al. 2005). The original 
generic attribution Alosa is herein maintained, following Grande (1985) and 
Carnevale (2007).

Distribution In Greece, marine occurrences of †Alosa cf. crassa, or Alossa sp. are 
known from the Tortonian of the Makrilia Formation, in the vicinity of Ierapetra, 
Crete, the Messinian and Pliocene of Crete and the Tortonian–Messinian of Gavdos 
Island. Alosa elongata has been signaled in the Pliocene of Heraklion basin, in 
Crete. A. tanaica (first described as Caspialoassa nordmanni is known from the 
Pliocene of Strymonas valley in Serres (see Appendix for detailed information). 
Outside Greece, fossils affiliated with †Alosa crassa are common in the 
Meditteranean Neogene, with records in Algeria, Spain, Italy, and Cyprus (Sauvage 
1873; Arambourg 1925, 1927; Gaudant et  al. 2000, 2015; Landini and Sorbini 
2005a; Carnevale 2007; Gaudant 2008a, b). Also, †Alosa elongata is known from 
the late Miocene of Algeria, Spain, Italy (Arambourg 1927; Landini and Sorbini 
2005a; Gaudant 2008b; Gaudant et al. 2008, 2010a). Fossils attributed to A. tanaica 
have been reported from the Paratethyan Miocene (Paucǎ 1931; Rückert-Ülkümen 
1994; Schwarzhans et al. 2017.

Comments Most of the attributions to Alosa sp. refer to isolated scales, or bones 
of larger sized clupeids. The alosin from the Pliocene of Serres Basin, was originally 
attributed to Caspialosa nordmanni (Antipa 1904; Weiler 1943), which is considered 
a junior synonym of the Black Sea species A. tanaica (Grim 1901). This species is 
often mentioned as A. nordmanni (Schwarzhans et  al. 2017) and, adding to the 
confusion, some of the contained fossils have been moved to †Alosa pinarhisariensis 
(Rückert-Ülkümen 1994). The specific attribution of the Serres alosin is ambiguous 
at best. However, future studies on newly discovered fossils from the late Miocene 
of Aidonochori, Serres Basin, might help shed some light on the complicated 
systematics of freshwater–brackish clupeids from the area (Kevrekidis 2016).

Sardina Antipa, 1904

Type Species Sardina pilchardus (Walbaum, 1792). Only included species.

Distribution In Greece, this taxon is known from the Pliocene of Heraklion Basin 
and Rethymno, Crete (see Appendix). Outside Greece, Sardina fossils are known 
from the Pliocene and Pleistocene of Italy (Landini and Sorbini 2005a). S. pilchardus 
is present in the Western Atlantic, the Mediterranean, and the Black and Azov seas 
(Froese and Pauly 2019).
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Comments Many of the Sardina sp., or Sardina? sp. occurrences in Greece cor-
respond to poorly preserved, and/or disarticulated material, and might show taxo-
nomic overlap with Alosa spp.

Spratelloides Bleeker, 1851

Type Species Clupea argyrotaeniata (Bleeker, 1849) [= junior synonym of 
Spratelloides gracilis (Temminck and Schlegel, 1846)].

Included Taxa S. gracilis (Temminck and Schlegel, 1846).

Distribution In Greece, this taxon is known from the Tortonian of the Makrilia 
Formation, vicinity of Ierapetra, Crete, the Zanclean of Aegina Island, the Pliocene 
of Attiki, the Pliocene of Heraklion Basin and Rethymno, in Crete (Appendix and 
Fig. 4). Outside Greece, fossils affiliated with S. gracilis are known from the late 
Miocene, Pliocene and early Pleistocene of Algeria, Spain, and Italy (Arambourg 
1927; Gaudant 2002, 2008b; Landini and Sorbini 2005a; Carnevale et  al. 2006; 
Gaudant et al. 2015). Nowadays, S. gracilis is present in tropical waters of the Indo- 
Pacific Realm (Froese and Pauly 2019).

Cypriniformes Bleeker, 1859
Cyprinidae Cuvier, 1817

Type Genus Cyprinus Linnaeus, 1758.

†Palaeoleuciscus Obrhelová, 1967

Type Species †Palaeoleuciscus chartaceus (Laube, 1905).

Distribution In Greece, this taxon is known only from the early Miocene of 
Lapsarna Locality, Lesvos Island, Greece (Vasileiadou et  al. 2017; Appendix). 

Fig. 4 Spratelloides cf. 
gracilis (Clupeidae) from 
the Zanclean diatomitic 
marls near Mesagros, 
Aegina Island (AMPG 
collection). Scale bar 
equals 1 cm
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Outside Greece, its oldest fossils come from the Oligocene of Germany and 
Switzerland (Cavender 1991; Böhme and Ilg 2003). Τhere numerous records of 
tooth and skeletal remains of the genus in the Miocene of Europe and Anatolia as 
well (e.g., Cavender 1991; Böhme and Ilg 2003; Rückert-Ülkümen and Yiğitbaş 
2007; Böhme 2010; Gaudant 2014a, 2015).

Barbus Cuvier and Cloquet, 1816

Type Species Barbus barbus (Linnaeus, 1758).

Distribution In Greece, this taxon is only known from the early Miocene of 
Lapsarna Locality, Lesvos Island, Greece (Vasileiadou et  al. 2017; Appendix). 
Outside Greece, Barbus-like (?Barbus sp.) pharyngeal teeth first appear in the 
Oligocene of Afroarabia (Otero and Gayet 2001). Barbus remains are quite common 
in Neogene and younger freshwater deposits in Europe, Africa, the Arabian 
subcontinent, and Anatolia (Cavender 1991; Stewart 2001, 2003; Böhme and Ilg 
2003; Přikryl et al. 2016b; Stewart and Murray 2017). The distribution of modern 
Barbus s.s. species ranges from Europe to the Caspian Sea, Anatolia, and Tigris and 
Euphrates drainages, with approx. 13 species found in Greek freshwaters (Froese 
and Pauly 2019).

Comments It is widely accepted that modern and fossil species lumped under the 
genus Barbus correspond to different lineages, rendering the genus paraphyletic 
(Berrebi and Tsigenopoulos 2003; Kottelat and Freyhof 2007). Barbus s.l. is used to 
indicate uncertainty relative to the placement of fossils relative to modern lineages, 
whereas Barbus s.s. indicates affinities with the European and Anatolian subgenus 
Barbus. Isolated pharyngeal teeth or bones are difficult to attribute to specific 
lineages, yet similarities of the Lapsarna Barbus with Barbus s.s. have been noted 
(Vasileiadou et al. 2017).

Cyprinion Heckel, 1843

Type Species Cyprinion macrostomus Heckel, 1843.

Distribution In Greece, pharyngeal bones and teeth of Cyprinion have been found 
in the early Miocene of Lapsarna Locality, Lesvos Island, Greece (Vasileiadou et al. 
2017; Appendix). Outside Greece, pharyngeal teeth putatively attributed to the 
genus have also been found in the early Miocene of Turkey (Böhme and Ilg 2003). 
Modern representatives of Cyprinion have a distribution that ranges from the 
Arabian subcontinent to Myanmar (Froese and Pauly 2019).

Comments According to Vasileiadou et  al. (2017), the Lapsarna material likely 
represents a new species, which has not yet been described formally.

Aulopiformes Rosen, 1973
†Dercetidae Woodward, 1901
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Type Species †Dercetis scutatus (Agassiz, 1834).

Distribution In Greece, fossils of †Dercetidae are so far known from the Late 
Maastrichtian of Pindos Unit, in the vicinity of Karpenisi, Eurytania (Koch and 
Nikolaus 1969). Outside Greece, †dercetids are known from the Late Cretaceous–
Paleocene of Europe, the Middle East, North and Central Africa, and South America 
(summarized in da Silva and Gallo 2011, 2016; Vernygora et al. 2018).

Comments The †dercetids found in the vicinity of Karpenisi have been tentatively 
ascribed to either the aulopiform †Rhynchodercetis or, erroneously, the stem teleost 
†Belonostomus (Koch and Nikolaus 1969). Only one †dercetid-like elongate lower 
jaw, bearing numerous minute teeth, has been figured, but this material has not been 
described or treated systematically (Koch and Nikolaus 1969, Table 33:3), and bears 
no apomorphies to support any attribution below the Family-level. No repository 
information has been provided for these fossils.

†Enchodontidae Woodward, 1901

Type Genus †Enchodus Agassiz, 1835.

†Enchodus Agassiz, 1835

Type Species †Enchodus lewesiensis (Mantell, 1822).

Distribution In Greece, fossils of †Enchodus cf. dirus are known from the late 
Maastrichtian, Pindos Unit, Gavdos Island (Cavin et  al. 2012). Additional 
†enchodontid remains, possibly referable to †Enchodus, have been collected from 
Maastrichtian deposits of the Pindos Unit, exposed on the road from Aghia Triada 
to Domniani, near Karpenisi, Eurytania (Koch and Nikolaus 1969). Outside Greece, 
the oldest disarticulated remains referred to †Enchodus sp. have been collected in 
the Early Cretaceous of Spain (Kriwet 2003), while articulated remains are known 
from the Albian–Cenomanian of Mexico (Fielitz and González-Rodríguez 2010). 
This genus achieved a cosmopolitan distribution during the Late Cretaceous, with 
occurrences in North and South America, England and western continental Europe, 
Africa, India, and the Middle East (summarized in Goody 1969; Chalifa 1996; 
Cavin et al. 2012; da Silva and Gallo 2016; Holloway et al. 2017).

Comments A relatively well-preserved skull of †Enchodus, also exhibiting fea-
tures of the palate and jaws, was found in the late Maastrichtian deposits of Gavdos 
Island and was attributed to a juvenile individual (Cavin et al. 2012). The specimen 
was included in a phylogenetic analysis alongside other †enchodontids, and was 
resolved as sister taxon to †Enchodus dirus (Cavin et al. 2012), which, in turn, is 
found in several Late Cretaceous localities of the Western Interior Seaway, North 
America (Goody 1969). The Gavdos and North American specimens seem to only 
differ in size and ornamentation, and their seemingly close relationship supports 
complex biogeographical scenarios, involving the ability of, at least some, Late 
Cretaceous †enchodontids to cross oceanic basins (Cavin et al. 2012).
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Paralepididae Gill, 1872

Type Genus Paralepis Cuvier, 1817.

Paralepis Cuvier, 1817

Type Species Paralepis coregonoides Risso, 1820.

Included Taxa †Paralepis albyi (Sauvage, 1870).

Distribution In Greece, this taxon is known from the Messinian of Gavdos 
(Metochia: †P. albyi; Gaudant et al. 2006). Outside Greece, †P. albyi is present in 
the late Miocene of Spain and Italy (Arambourg 1925; Gaudant 2002; Carnevale 
2007). Two species of the deep-water genus Paralepis are nowadays present in the 
Mediterranean (Froese and Pauly 2019).

Stomiatiformes sensu Rosen, 1973
Gonostomatidae Gill, 1893

Type Genus Cyclothone Goode and Bean, 1883.

Cyclothone Goode and Bean, 1883

Type Species Cyclothone acclinidens Garman, 1899.

Included Taxa †Cyclothone gaudanti Přikryl and Carnevale, 2017.

Remarks The modern species Cyclothone braueri, Cyclothone microdon, and 
Cyclothone pygmaea have been reported from the Italian Pliocene and Pleistocene 
(Landini and Sorbini 2005a; Přikryl and Carnevale 2017). The genus has a cosmo-
politan distribution in modern deep marine waters (Froese and Pauly 2019).

★†Cyclothone gaudanti Přikryl and Carnevale, 2017

Nomenclatural and Taxonomical History Cyclothone sp. in Gaudant 2004 (ini-
tial identification); Cyclothone gaudanti Přikryl and Carnevale, 2017 (new species).

Type Material NHMW 1999z0042/0020, nearly complete, articulated individual.

Type Locality Locality 400 m to the North of Aghia Paraskevi Chapel, vicinity of 
Ierapetra, Crete, Greece, Makrilia Formation.

Distribution This species is only known from the Tortonian of Makrilia Formation, 
in the vicinity of Ierapetra, Crete (Aghia Paraskevi Chapel Locality, and from a 
locality 400 m to the North of Aghia Paraskevi Chapel; Gaudant 2004, Přikryl and 
Carnevale 2017). These localities constitute the whole range of this taxon.
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Remarks Cyclothone gaudanti demonstrates affinities with the small-sized and 
lightly pigmented species of the genus, such as Cyclothone alba, C. braueri, and 
Cyclothone signata (Přikryl and Carnevale 2017). Based on its affinities and the 
depositional environment of Makrilia Formation, it is estimated that this species 
possibly occupied the upper mesopelagic layer (Přikryl and Carnevale 2017).

Sternoptychidae Duméril, 1806

Type Genus Sternoptyx Hermann, 1781.

Maurolicus Cocco, 1838

Type Species Maurolicus muelleri (Gmelin, 1789). Only included species.

Distribution In Greece, this taxon is known with the species M. muelleri from the 
Tortonian of the Makrilia Formation, in the vicinity of Ierapetra, Crete (Gaudant 
2004), the Messinian of Gavdos (Gaudant et al. 2006), and the Messinian of Mires 
(Gaudant et al. 1997a). Furthermore, Maurolicus cf. M. muelleri has been reported 
from the Pliocene of Heraklion as well (Gaudant 2001; Appendix). Outside Greece, 
M. muelleri has a continuous presence in the Mediterranean Realm (including 
Algeria, Italy and Spain) since the late Miocene (Gaudant 2002, 2008b; Landini and 
Sorbini 2005a; Gaudant et al. 2008, 2010a), and is characterized by a cosmopolitan 
distribution in modern bathypelagic waters (Froese and Pauly 2019).

Argyropelecus Cocco, 1829

Type Species Argyropelecus hemigymnus Cocco, 1829.

Distribution In Greece, the only record of Argyropelecus sp. comes from the 
Pliocene (Zanclean) of Aegina Island (Argyriou and Theodorou 2011), and is 
figured here for the first time (Fig. 5). Outside Greece, the fossil record of the genus 
dates back to the Oligocene of Romania, Poland, and the Caucasus (summarized in 
Carnevale 2003).

Remarks So far, only two species have been recognized on the basis of body fos-
sils in the Mediterranean region: the late Miocene †A. logearti in Algeria (Arambourg 
1927; Carnevale 2003), and the extant A. hemigymnus in the Pliocene and Pleistocene 
of Italy (Carnevale 2003, 2007; Landini and Sorbini 2005a).

Myctophiformes Regan, 1911
Myctophidae Gill, 1893

Type Genus Myctophum Rafinesque, 1810a.

Myctophum Rafinesque, 1810a

Type Species Myctophum punctatum Rafinesque, 1810b.
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Included Taxa †“Myctophum” licatae Sauvage, 1870; †“Myctophum” dorsale 
Sauvage, 1870.

Distribution In Greece, myctophid body fossils are known from the Tortonian of 
Makrilia Formation, vicinity of Ierapetra (Gaudant 2004), whereas occurrences 
identified to the species level are known from the Tortonian–Messinian of Messara, 
Heraklion (Psalidha, Mires: †“Myctophum” licatae, †“Myctophum” dorsale; 
Tsangaraki: †“Myctophum” licatae; Gaudant et  al. 1997a), and the Tortonian 
(Metochia, Karave: †“Myctophum” licatae) and Messinian (Metochia: †M. licatae, 
†M. dorsale; Fig. 5) of Gavdos (Gaudant et al. 2005, 2006). A single myctophid 
tooth was also recovered from the Messinian strata of ‘Unit b’ of Pigadia Basin in 
Karpathos (Bellas et  al. 1998). Outside Greece, these two Miocene species have 
been recognized in several Mediterranean localities in Algeria, Spain, Italy, and 
Cyprus (Arambourg 1925, 1927; Gaudant 2002, 2008a, b; Merle et  al. 2002; 
Gaudant et  al. 2010a). Several extant  species of Myctophum have been reported 
from Pliocene and Pleistocene localities of the Mediterranean (Landini and Sorbini 
2005a). Nowadays, Myctophum species have a cosmopolitan bathypelagic distribu-
tion (Froese and Pauly 2019).

Remarks Greek body fossils of Myctophidae were  lumped by Gaudant in the 
extant genus Myctophum, following his taxonomic reappraisal of material previously 
studied by Arambourg (1925), from the late Miocene of Licata, Sicily (Gaudant and 
Ambroise 1999). However, Gaudant’s taxonomical scheme relied heavily on 
putatively overlapping ratios of body measurements and the overall presence or 
absence of photophores, and did not take important anatomical characters of 
synapomorphical value into proper account (see e.g., Paxton 1972; Carnevale 2007; 

Fig. 5 Argyropelecus sp. 
(Sternoptychidae), from 
the Zanclean diatomitic 
marls near Mesagros, 
Aegina Island (AMPG 
collection). This specimen 
is figured here for the first 
time. Scale bar equals 1 cm
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Denton 2013). Detailed considerations of fossil myctophids from e.g., the 
Serravalian of Italy revealed the simultaneous presence of multiple genera—but not 
Myctophum—in the Mediterranean Neogene (Carnevale 2007), signaling the 
necessity for future revision of fossil myctophid diversity in the entirety of the 
Mediterranean Basin, including Greece. Given the scope of the present work, I 
refrain from reappraising Greek myctophid fossils and retain Gaudant’s classification 
in inverted commas (also employed by Gaudant in his later works). New material 
from Metochia C, Gavdos, collected by the author (e.g., Fig. 6), preserves delicate 
anatomical structures that can facilitate relevant undertakings in the future.

Gadiformes sensu Endo, 2002
Gadidae Rafinesque, 1810b

Type Genus Gadus Linnaeus, 1758.

Micromesistius Gill, 1863

Type Species Micromesistius poutassou (Risso, 1827).

Distribution In Greece, the only fossil occurrence of Micromesistius sp. comes 
from the Pliocene Amnissos, Heraklion Basin (Gaudant 2001). Outside Greece, this 
taxon is known from the Pliocene to Pleistocene of Italy (Landini and Sorbini 
2005a). The genus is nowadays present in temperate Atlantic and Pacific waters, 
including the Mediterranean (Froese and Pauly 2019).

Moridae Goode and Bean, 1896

Type Genus Mora Risso, 1827.

Fig. 6 Myctophidae indet. From the Messinian of Metochia C, Gavdos Island (AMPG collection; 
photograph provided by JD Carrillo). Scale bar equals 1 cm
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Gadella Lowe, 1843

Type Species Gadella gracilis Lowe, 1843.

Distribution In Greece, occurrences of Gadella are known from the Pliocene of 
Attiki (Gaudant and Symeonidis 1995) and Heraklion Basin (Gaudant 2001). 
Outside Greece, this taxon is known from the Pliocene of Italy (Landini and Sorbini 
2005a). Gadella is still present in tropical to subtropical deep waters around the 
world, including the Mediterranean (Froese and Pauly 2019).

Bregmacerotidae Gill, 1872

Type Genus Bregmaceros Thompson, 1840.

Bregmaceros Thompson, 1840

Type Species Bregmaceros mcclellandi Thompson, 1840.

†Bregmaceros albyi (Sauvage, 1880)

Distribution This is one of the most widely distributed taxa in Greece, with occur-
rences from the Tortonian of Makrilia Formation, vicinity of Ierapetra, Crete 
(Symeonidis 1969; Bürgin 1994; Gaudant 2004), the Tortonian and Messinian of 
Metochia, Gavdos (Gaudant et al. 2005, 2006), the Tortonian–early Messinian of 
Messara, Heraklion, Crete (Gaudant et  al. 1997a), the Messinian of Karpathos 
(Bellas et  al. 1998),  the Pliocene (cf. Zanclean) of Aegina Island (Argyriou and 
Theodorou 2011; Fig. 7), the Pliocene of Heraklion (Gaudant et al. 1994; Müller 
and Strauch 1994; Gaudant 2001) and the Piacenzian of Rethymno (Symeonidis 
and Schultz 1973; see Appendix for more information). Outside Greece, body fos-
sils of †Bregmaceros albyi are known from the Miocene of Algeria, Italy, Malta, and 
Spain, and from the Pliocene of Italy and, possibly (as †B. cf. albyi), Cyprus 
(Gaudant 2002; Landini and Sorbini 2005a; Přikryl et  al. 2016a; and references 
therein). The species is also present in the early Pleistocene of Italy (Landini and 
Sorbini 2005a).

Acanthomorpha Rosen, 1973
Atheriniformes sensu Dyer and Chernoff, 1996
Atherinidae Risso, 1827

Type Genus Atherina Linnaeus, 1758.

Distribution In Greece, atherinids are known only from the Pliocene of Attiki 
(Gaudant and Symeonidis 1995). Outside Greece, atherinids are known to have 
been present in Tethys since at least the Eocene of Monte Bolca, Italy (Carnevale 
et al. 2014), but their more recent fossil record in the area is largely composed of 
otoliths (Landini and Sorbini 2005a). Body fossils of atherinids are known from the 
Miocene of the Paratethys (Schwarzhans et al. 2017) and California (Jordan and 
Gilbert 1919).
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Beloniformes Berg, 1937
Belonidae Bonaparte, 1832

Type Genus Belone Cuvier, 1817.

Belone Cuvier, 1817

Type Species Belone belone (Linnaeus, 1760).

Distribution In Greece, this taxon is only known from the Pliocene of Heraklion 
Basin (Gaudant et al. 1994; Gaudant 2001). Outside Greece, fossils of this taxon are 
more common, coming from the Oligocene of the Caucasus (Smirnov 1936), the 
Miocene of the USA (de Sant’Anna et al. 2013), and the Miocene to Pleistocene of 
Italy (Arambourg 1925; Landini and Sorbini 2005a). The genus is nowadays present 
in the Atlantic Ocean, the Mediterranean, and the Black Sea (Froese and Pauly 2019).

Scomberesox Lacepède, 1803

Type Species Scomberesox saurus (Walbaum, 1792).

Distribution In Greece, the only possible fossils of this genus come from the 
Pliocene of Heraklion Basin (Gaudant 2001). Outside Greece, fossils of Scomberesox 
are known from the Miocene of USA, Algeria, and Italy, and the Pleistocene of Italy 
(Jordan and Gilbert 1919; Gaudant 2002, 2008b; Landini and Sorbini 2005a). 
Nowadays, the genus has a circumglobal distribution, which also includes the 
Mediterranean (Froese and Pauly 2019).

Fig. 7 Bregmaceros cf. albyi (Bregmacerotidae), from the Zanclean diatomitic marls near 
Mesagros, Aegina Island. This specimen is figured here for the first time (AMPG collection). Scale 
bars equal 1 cm
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Blenniiformes sensu Springer, 1993
Blenniidae Rafinesque, 1810a

Type Genus Blennius Linnaeus, 1758.

Salaria Forskål, 1775

Type Species Not designated.

Included Taxa Salaria pavo (Risso, 1810).

Nomenclatural and Taxonomical History Initially ascribed by Gaudant et  al. 
(1994) to the genus Blennius, as Blennius cf. B. pavo (Risso 1810). This species is 
now included in the genus Salaria, as S. pavo (see Eschmeyer and Fong 2019).

Distribution In Greece, this taxon is known only from the Pliocene of Heraklion 
Basin (Gaudant et al. 1994). So far no additional body-fossil records exist for this 
taxon. Nowadays, S. pavo is present in shallow marine to brackish waters along the 
Western Atlantic, Mediterranean, and Black Sea coasts (Froese and Pauly 2019).

Perciformes sensu Betancur-R et al. 2017
Serranidae Swainson, 1839

Type Genus Serranus Cuvier, 1817.

Serranus Cuvier, 1817

Type Species Serranus cabrilla (Linnaeus, 1758).

Distribution In Greece, this taxon is certainly known from the Pliocene of 
Heraklion Basin (Gaudant 2001), while the presence of the family has been signaled 
in the Pliocene of Aegina Island as well (Gaudant et al. 2010b). Outside Greece, 
Serranus fossils are known from the Miocene of Algeria, and the Plio-Pleistocene 
of Sardinia (Abbazzi et  al. 2004; Gaudant 2008b). Serranus has a modern 
cosmopolitan, Tropical–Temperate, marine distribution (Froese and Pauly 2019).

Cyprinodontiformes sensu Parenti, 1981
Cyprinodontidae Gill, 1865

Type Genus Cyprinodon Lacepède, 1803.

Aphanius Nardo, 1827

Type Species Aphanius nanus Nardo, 1827.

Included Taxa †A. crassicaudus Agassiz, 1839.
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Nomenclatural and Taxonomical History Initially included in the genus †Lebias 
(Agassiz, 1833–1843), as †L. crassicaudus (Raulin 1861). Woodward erected the 
genus Pachylebias to accommodate pachyostotic cyprinodontiform material from 
the Messinian of Italy and Crete (Woodward 1901). †Pachylebias was later found to 
be a junior synonym of the extant genus Aphanius (Gaudant 1979).

Distribution In Greece, this taxon is known from the Messinian of Chania, Crete 
(Raulin 1861; Woodward 1901; Freuenthal 1969; Gaudant 1979, 2014b). Outside 
Greece, Aphanius is an essential component of Messinian oligohaline fish 
assemblages of the Mediterranean, including occurrences in Algeria, Spain, 
Morocco, and Italy (Gaudant 2002; Carnevale et al. 2018).

Scombriformes sensu Betancur-R et al. 2017
Scombridae Rafinesque, 1815

Type Genus Scomber Linnaeus, 1758.

Scomber Linnaeus, 1758

Type Species Scomber scombrus Linnaeus, 1758 (= S. scomber L., 1758).

Distribution In Greece, this genus is only known from the Pliocene of Heraklion 
Basin (Gaudant 2001). Outside Greece, the genus is known from the Oligocene of 
central Europe and the Caucasus, and the Neogene of Russia, the United States, 
Japan, Algeria, Italy, Croatia, and Serbia (Arambourg 1927; Yabumoto and Uyeno 
1994; Landini and Sorbini 2005a; Micklich and Hildenbrandt 2010; Gregorová 
2011; Nazarkin and Bannikov 2014). Modern representatives of the genus are 
widespread in tropical to temperate waters (Froese and Pauly 2019).

Scomberomorus Lacepède, 1801

Type Species Scomberomorus regalis (Bloch, 1793) (= S. plumierii Lacepède, 1801).

Distribution In Greece, this genus is only known from the Pliocene of Heraklion 
Basin (Gaudant 2001). Outside Greece, the genus appears in the Paleocene of 
Turkmenistan (Monsch and Bannikov 2012). It is also known the Paleogene of 
Kazakhstan, Georgia, the United States, Germany, and the Neogene of Japan, 
Poland, and the United States (Schultz 1979; Yabumoto and Uyeno 1994; Weems 
1999; Micklich and Hildenbrandt 2010; Monsch and Bannikov 2012; Weems et al. 
2017). The genus is found today in tropical-subtropical waters of the Atlantic, 
Indian, and Pacific oceans, and the Western Mediterranean (Froese and Pauly 2019).

Trichiuridae Rafinesque, 1810a

Type Genus Trichiurus Linnaeus, 1758.

Lepidopus Goüan, 1770
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Type Species Lepidopus caudatus Euphrasen, 1788.

Included Taxa †L. albyi Sauvage, 1870.

Distribution In Greece, this genus is known from the Tortonian of Makrilia 
Formation, in the vicinity of Ierapetra, Crete (Symeonidis 1969; Gaudant 2004), the 
Tortonian and Messinian of Gavdos (Gaudant et al. 2005), the Messinian of Messara 
(as †Lepidopus albyi in the text, but Lepidopus sp. in the respective figure caption; 
Gaudant et al. 1997a), and the Pliocene of Heraklion Basin and Rethymno (Gaudant 
et al. 1994; Gaudant 2001; see Appendix for further information). Outside Greece, 
†Lepidopus albyi is known from the late Miocene of Algeria, Spain, Italy, Cyprus, 
and Pliocene of Italy (Arambourg 1925, 1927; Gaudant 2002; Merle et al. 2002; 
Landini and Sorbini 2005a). A second fossil species, †Lepidopus proargenteus, is 
known from the late Miocene of Algeria and Italy (Arambourg 1927; Gaudant 
2008b; Gaudant et al. 2010a). Remains affiliated with the living L. caudatus have 
been reported from the Pliocene of Italy (Landini and Sorbini 2005a).

Remarks Symeonidis tentatively ascribed fragmentary remains of a juvenile 
Lepidopus from the Tortonian of Crete to the Oligocene Paratethyan species 
†Anenchelum glaricianum (his †Lepidopus cf. glaricianus, Symeonidis 1969). 
Gaudant revised this attribution to Lepidopus sp. (Gaudant 2004).

Gobiiformes Günther, 1880
Gobiidae Cuvier, 1817

Type Genus Gobius Linnaeus, 1758.

Gobius Linnaeus, 1758

Type Species Gobius niger Linnaeus, 1758.

Distribution In Greece, unidentified records of this genus are reported from the 
Pliocene of Heraklion Basin (Gaudant et  al. 1994) and Attiki (Gaudant and 
Symeonidis 1995). Outside Greece, Gobius skeletons first appear in the early 
Miocene of the Czech Republic (Reichenbacher et al. 2018), but are found in a wide 
array of Neogene fossil sites in North Africa, Europe, and Asia Minor (Arambourg 
1927; Gaudant 2002; Böhme and Ilg 2003; Reichenbacher et al. 2018). Gobius has 
a circumglobal modern distribution (Froese and Pauly 2019).

Comments Gobioids are among the largest clades of vertebrates (Nelson et  al. 
2016). In many cases, included genera and species are diagnosed on the basis of 
very delicate anatomical features and soft tissue structures, which are not often 
visible/preserved in fossils (Reichenbacher et al. 2018). Thus, Greek gobiid fossils 
only loosely affiliate with Gobius (Gaudant et al. 1994; Gaudant and Symeonidis 
1995), and might actually encompass other genera as well. It should be noted here 
that poorly documented occurrences of Gobiidae in the Miocene of Kymi have been 
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ascribed to the genus Periophthalmus (Unger 1867; Appendix), but, due to lack of 
descriptive or pictorial documentation, these are not further treated here.

Carangiformes sensu Betancur-R et al. 2017
Carangidae Rafinesque, 1815

Type Genus Caranx Lacepède, 1801.

Caranx Lacepède, 1801

Type Species Caranx hippos (Linnaeus, 1766).

Distribution In Greece, this genus is only known from the Pliocene of Heraklion 
Basin (Gaudant 2001). Outside Greece, this taxon is known from the Miocene of 
Algeria, Italy (Arambourg 1925, 1927), but also from the Paratethys (Schwarzhans 
et al. 2017).

Alectis Rafinesque, 1815

Type Species Alectis ciliaris (Bloch, 1787).

★†Alectis psarianosi (Symeonidis, 1969)

Nomenclatural and Taxonomical History This species, based on a single speci-
men from the Tortonian of Crete, was formerly included in the genus Mene 
(Menidae), as †Mene psarianosi (Symeonidis 1969). It was later reattributed to the 
carangid genus Alectis, but the species name was retained (Bannikov 1984, 1987; 
Gaudant 2004).

Type Material AMPG 185/1969, complete, laterally compressed individual 
(Fig. 8).

Type Locality Tortonian of Makrilia Formation, vicinity of Ierapetra, Crete (Aghia 
Paraskevi Chapel Locality; Symeonidis 1969; Gaudant 2004).

Distribution Known only from the type locality.

Remarks Bannikov (1987) dispelled the original, poorly supported attribution of 
this unique fossil to Menidae by Symeonidis (1969), after recognizing typical 
carangid features, including a high rhomboidal body shape; a well-developed 
fronto-occipital crest; and the relative length of fin rays in its median fins. Gaudant 
(2004) re-examined the specimen, providing its first detailed anatomical description 
and confirming Bannikov’s assessment, but without attempting additional compari-
sons. According to Bannikov (1987), this fossil species differs from modern species 
in having “somewhat shorter anterior rays of the soft unpaired fins.” Whether this 
difference is sufficient to maintain †Alectis psarianosi as a valid fossil species 
remains to be investigated in the future, given the fact that the fossil corresponds to 
a somewhat small, possibly immature, individual.
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Trachurus Rafinesque, 1810a

Type Species Trachurus trachurus (Linnaeus, 1758) (= T. saurus Rafinesque, 1810b).

Distribution In Greece, occurrence of this genus comes from the Tortonian of 
Makrilia Formation, in the vicinity of Ierapetra, Crete (Gaudant 2004), the Pliocene 
of Attiki (Gaudant and Symeonidis 1995), and the Pliocene of Heraklion (Gaudant 
2001; see Appendix for further information). Outside Greece, fossils more or less 
securely attributed to Trachurus are known from the Miocene of Algeria and Spain, 
the Miocene and Pliocene of Italy and the Pliocene of Cyprus (Arambourg 1927; 
Landini and Sorbini 2005a; Gaudant 2008a, b; Gaudant et al. 2010a; Gaudant and 
Courme 2014). Three species of Trachurus are native to modern Mediterranean 
pelagic habitats (Froese and Pauly 2019).

Spariformes sensu Akazaki, 1962
Sparidae Rafinesque, 1810a

Type Genus Sparus Linnaeus, 1758.

Boops Cuvier, 1814

Fig. 8 The type specimen 
(AMPG 185/1969) of 
†Alectis psarianosi 
(Carangidae) from the 
Tortonian of Aghia 
Paraskevi Chapel, vicinity 
of Ierapetra, Crete. Scale 
bars equal 1 cm
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Type Species Boops boops (Linnaeus, 1758).

Distribution In Greece, this genus is known from the Pliocene of Heraklion Basin 
with various occurrences (Gaudant et  al. 1994; Gaudant 2001). Outside Greece, 
Boops fossils have been found in the Miocene of Algeria and the Miocene and 
Pliocene of Italy (Arambourg 1927; Gaudant 2002). Nowadays, Boops is represented 
by two species, one of which, B. boops, occurs in the Mediterranean (Froese and 
Pauly 2019).

Comments Gaudant et  al. (1994) initially ascribed the Amnissos boopsins to 
Boops cf. B. boops. In a subsequent work, Gaudant (2001) noted differences in 
meristic features of the dorsal and caudal fins of the Boops from Amnissos, from 
both the Miocene species †B. roulei (Arambourg 1927), and the extant B. boops, 
leaving the Cretan fossils in open nomenclature, and implying that they might cor-
respond to a new species. This might also be true for the remaining Heraklion Basin 
boopsins. As evidenced by isolated teeth, additional sparids were likely present in 
the Messinian of Karpathos (Bellas et al. 1998). 

Centriscidae Bonaparte, 1831

Type Genus Centriscus Linnaeus, 1758.

Aeoliscus Jordan and Starks, 1902

Type Species Aeoliscus strigatus (Günther, 1861).

Nomenclatural and Taxonomical History Centriscids from the Pliocene of 
Amnissos were initially thought to correspond to a new fossil species (†Amphisile 
cretensis Bachmayer et  al. 1984). Gaudant re-examined these specimens and 
tentatively ascribed these fossils to the extant genus Amphisile (Cuvier 1817), as 
Amphisile cf. strigata (Gaudant 2001). Amphihisile strigata is, however, a synonym 
of Aeoliscus. strigatus (Günther 1861. In a subsequent work, Gaudant corrected the 
taxonomic designation of the Cretan material to Aeoliscus cf. strigatus (Gaudant 
and Courme 2014).

Distribution In Greece, this taxon is known from the Pliocene of Heraklion Basin, 
(Bachmayer et al. 1984; Gaudant 2001). Outside Greece, Aeoliscus. strigatus is also 
known from the late Miocene and Pliocene of Italy and the Pliocene of Cyprus 
(Gaudant 2002; Landini and Sorbini 2005a; Gaudant and Courme 2014). This spe-
cies is nowadays encountered in tropical Indo-Pacific waters (Froese and 
Pauly 2019).

Remarks Given the invalidity of the genus Amphisile (see above), the occurrence 
of Amphisile sp. in the Messinian of Gavdos (Gaudant et al. 2006) is hereby treated 
conservatively as Centriscidae indet.
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Syngnathidae Rafinesque, 1810a

Type Genus Syngnathus Linnaeus, 1758.

Syngnathus Linnaeus, 1758

Type Species Syngnathus acus Linnaeus, 1758.

Included Taxa †Syngnathus albyi Sauvage, 1870.

Nomenclatural and Taxonomical History Two fossil species of Syngnathus have 
been erected on the basis of material from the Neogene of Crete: the late Miocene 
†S. kaehsbaueri Bachmayer and Symeonidis (1978) from Aghia Paraskevi Chapel, 
Makrilia Formation, in the vicinity of Ierapetra, and the Pliocene ★†S. heraklionis 
Bachmayer et al., 1984 from Amnissos, near Heraklion. Reinvestigations of the type 
material of both species found no anatomical differences from the Miocene species 
†S. albyi (Sauvage 1870), establishing the Cretan species as invalid and referred 
their type material to †Syngnathus cf. †S. albyi (Gaudant 2001, 2004).

Distribution In Greece, occurrences of this taxon are known from the Tortonian of 
Makrilia Formation, near Ierapetra, Crete (Bachmayer and Symeonidis 1978; 
Gaudant 2004), the Tortonian and Messinian of Metochia, Gavdos (Gaudant et al. 
2005, 2006), the Messinian of Messara, Crete (Gaudant et  al. 1997a), and the 
Pliocene of Heraklion, Crete (Bachmayer et al. 1984; Gaudant et al. 1994; Gaudant 
2001). Remains of short-snouted Syngnathus cf. S. acus were also found in the 
Pliocene (cf. Zanclean) of Aegina (Argyriou and Theodorou 2011, Fig. 9). Outside 
Greece, the fossil species †S. albyi is common in “middle” and late Miocene and 
possibly Pliocene faunas of Algeria, Spain, Italy, and Cyprus (Arambourg 1925, 
1927; Gaudant et al. 2000, 2010a; Gaudant 2002, 2008b; Merle et al. 2002; Landini 
and Sorbini 2005a; Carnevale 2007), whereas records of this species in the Miocene 
of Paratethys are considered dubious (Schwarzhans et al. 2017). The modern species 
S. acus and S. phlegon have been reported from the late Pliocene and Pleistocene of 
Italy (Landini and Sorbini 2005a).

Dactylopteridae Gill, 1861

Type Genus Dactylopterus Lacepède, 1801.

Dactylopterus Lacepède, 1801

Type Species Dactylopterus volitans (Linnaeus, 1758).

Distribution In Greece, this taxon is only known from the Pliocene of Heraklion 
Basin. Outside Greece, it is known from the Pliocene of Italy and Cyprus (Landini 
and Sorbini 2005a; Gaudant and Courme 2014). One species survives in the Atlantic 
and the Mediterranean (Froese and Pauly 2019).
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Pleuronectiformes Bleeker, 1859
Bothidae Smitt, 1892

Type Genus Bothus Rafinesque, 1810a.

Arnoglossus Bleeker, 1862

Type Species Pleuronectes arnoglossus (Bloch and Schneider, 1801) (junior syn-
onym of Arnoglossus laterna Walbaum, 1792).

Distribution In Greece, this taxon is only known from the Tortonian of Makrilia 
Formation, in the vicinity of Ierapetra, Crete (Gaudant 2004). Outside Greece, 
Arnoglossus is reported in the Miocene of Algeria and Spain, and from the Miocene, 
Pliocene, and Pleistocene of Italy (Landini and Sorbini 2005a; Gaudant 2008a, b; 
Gaudant et al. 2010a). Arnoglossus has a cosmopolitan modern distribution (Froese 
and Pauly 2019).

Centropomidae sensu Greenwood, 1976

Type Genus Not established.

Latinae indet.

Nomenclatural and Taxonomical History This fossil was initially employed to 
establish the genus †Allocotus by de Waldheim (1838). In a following publication, 

Fig. 9 Syngnathus cf. acus (Syngnathidae), from the Zanclean diatomitic marls near Mesagros, 
Aegina Island (AMPG collection). This specimen is figured here for the first time. Scale bar 
equals 1 cm

T. Argyriou



121

de Waldheim, erected a new genus and species, †Platacanthus ubinoi, to accom-
modate the same individual (de Waldheim 1850). The Musée de la Société Impériale 
des Naturalistes, Moscow, was listed as repository of this specimen (Fig.  9a). 
Woodward reassigned †P. ubinoi to the modern genus Morone (his Labrax), utiliz-
ing additional material from the Tertiary of Kymi, Greece, deposited in what is 
nowadays the Natural History Museum, UK (Woodward 1901), which, however, 
might correspond to a different taxon. Given the unknown location and status of the 
type material for these taxa, and their almost complete disappearance from the lit-
erature (but see Bannikov 1993), I suggest that †Allocotus should be treated as 
invalid and †Morone ubinoi as nomen dubium. Adding to the confusion, additional 
percomorph taxa have been signaled in the Miocene of Kymi, but all these old attri-
butions are doubtful and poorly documented (Valenciennes 1861; Gaudry 1862; 
Unger 1867; Appendix). The holotype of one of these, known as †Smerdis isabellae 
Gaudry 1862, has been synonymized by MNHN, Paris, staff with Woodward’s 
†Morone (= Labrax) ubinoi in the early 1900s (T.A. personal observations).

Distribution In Greece, this taxon is known (possibly) from the early Miocene of 
an unknown locality near Kymi, Euboea. Outside Greece, Lates-like Centropomidae 
were present in Eocene–Neogene freshwater, brackish and sometimes marine 
deposits in Europe and Afroarabia (Murray and Attia 2004; Otero 2004; Argyriou 
et  al. 2015). A total of fourteen species (Eschmeyer and Fong 2019) survive in 
African fresh–estuarine waters, and Indo-Pacific coastal environments (Froese and 
Pauly 2019).

Comments The original description of this taxon does not contain clear informa-
tion about its geographical or lithological provenance, other than that the fossil 
comes from some calcareous, oolithic horizon in Greece, which was thought to 
resemble the Solnhofen limestone (de Waldheim 1850). This specimen was not 
found by the author himself, but was sent to him by a certain Dr. Ubino who found, 
or purchased it during his travels through Greece (de Waldheim 1838). Woodward 
traces the provenance of the material in British collections to the freshwater depos-
its of Kymi, Greece. It is thus logical to hypothesize that this specimen derives from 
the classical Miocene plant and fish-bearing horizons of Kymi (e.g., Unger 1867; 
Kottis et al. 2002), yet this needs to be corroborated by future sampling. Although 
the drawings of the specimen are rather uninformative (de Waldheim 1838, 1850), 
the figured individual shows a preopercle bearing a horizontal anteroventral arm, 
which, in turn, forms a robust posterior spinous process, and three robust ventral 
processes (Fig. 10a). The possible resemblance of this animal to the percichthyid 
†Cyclopoma (= Cyclopome), or the centropomid Lates was noted by de Waldheim 
(1838). The imaged preopercle differs clearly from that of the preopercle of the 
Eocene genus †Cyclopoma (Agassiz 1833–1843). The shape and orientation of 
these processes resemble instead the preopercles of Latinae (Latidae in Otero 2004; 
now included within Centropomidae; see Greenwood 1976, Betancur-R et al. 2017; 
Fig.  10b), leaving little room for doubt that the illustrated skull is a Lates-like 
centropomid. Despite this profound resemblance, and unlike Latinae (Otero 2004), 
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the posterior margin of the dorsal limb of the Kymi specimen is figured as non-
serrate, but this feature might have been poorly preserved, or illustrated. Additional 
similarities between the illustrated Kymi specimen and Lates-like animals (Otero 
2004) can be found in the acute ventral and anterior processes of the ectopterygoid, 
or what appears to be a broad palatine toothplate, in the anterior portion of the skull, 
and in what appears to be a single, posterodorsal process of the opercle. Woodward, 
possibly based on material from Kymi housed in British collections, mentioned that 
†Morone (= Labrax) ubinoi lacks a posterior spinous process of the preopercle, and 
also exhibits two feeble spines on the posterior margin of the opercle (Woodward 
1901). It is thus possible that Woodward lumped two different taxa, one being a 
moronid and the other being de Waldheim’s centropomid, into one. This highlights 
the need to restudy Woodward’s material. This notion is reinforced by personal 
observations on Gaudry’s material, which was used to establish the species †Smerdis 
isabellae and is now housed at the MNHN, Paris. The latter would require a detailed 
study to clarify its taxonomic status, which lies beyond the context of this work.

Labridae Cuvier, 1817

Type Genus Labrus Linnaeus, 1758.

Distribution In Greece, this group is known from the Pliocene of Heraklion Basin 
(Gaudant 2001). Ichthyoliths from the Pliocene of Aghia Marina, Aegina Island, 

Fig. 10 (a) Specimen used to establish †Allocotus sp. (de Waldheim 1838) and subsequently 
†Platacanthus ubinoi (de Waldheim 1850), but hereby reassigned to Centropomidae indet.; 
modified from de Waldheim 1838, scale not provided in original work. (b) Preopercle of Lates cf. 
niloticus from the Mio-Pliocene of Sahabi, Libya (collected and attributed by the author; the 
specimen belongs to the collections of the University of Benghazi, Libya), for comparison with the 
illustrated preopercle of (a). Scale bar equals 1 cm
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have been tentatively attributed to the sparid †Sargus cf. oweni (Leivaditis 1974), 
which was in turn found to be a junior synonym of the labrid †Trigonodon jugleri 
(Schultz and Bellwood 2004). This might correspond to another occurrence of 
Labridae in Greece, but it is so far poorly substantiated. Labrids appear in the 
Eocene of Italy (Bannikov and Carnevale 2010). Mostly disarticulated (e.g., oral or 
pharyngeal teeth), but also articulated remains are common in Neogene deposits 
around the world (e.g., Algeria, Italy, France, Portugal, Poland, Austria, Nigeria, the 
United States, and New Zealand; summarized in Bellwood et al. 2019).

Acanthuriformes sensu Betancur-R et al. 2017
Acanthuridae Bleeker, 1859

Type Genus Acanthurus Forskål, 1775.

Distribution In Greece, this taxon is known from the Tortonian of Makrilia 
Formation, in the vicinity of Ierapetra, Crete (Gaudant 2004), and the Tortonian of 
Gavdos (Gaudant et  al. 2005). Outside Greece, articulated acanthurid fossils are 
known from the Paleogene of Europe (e.g., Italy, Switzerland, Russia) (Tyler and 
Bannikov 2000; Tyler and Micklich 2011), while their Miocene occurrences (e.g., 
Austria and Croatia) usually correspond to isolated teeth (Schultz 2003; Tripalo 
et al. 2016). Nowadays, the family is absent from the Mediterranean, but is other-
wise characterized by circumtropical distribution (Froese and Pauly 2019).

Comments The Gavdos specimen is probably a juvenile (Gaudant et al. 2005).

Tetraodontiformes Berg, 1937
Monacanthidae Nardo, 1842

Type Genus Monacanthus Oken, 1817.

†Frigocanthus Sorbini and Tyler, 2004

Type Species †Frigocanthus stroppanobili Sorbini and Tyler, 2004.

Included Taxa †Frigocanthus margaritatus Sorbini and Tyler, 2004.

Distribution In Greece, †F. margaritatus is known from the Pliocene of Heraklion 
Basin (Gaudant 2001; Sorbini and Tyler 2004), whereas †F. stroppanobili from the 
middle-late Pliocene of Chania, Crete (Sorbini and Tyler 2004). Outside Greece, 
this taxon is known from the Pliocene and Pleistocene of Italy (Sorbini and 
Tyler 2004).

Caproiformes sensu Rosen, 1984
Caproidae Lowe, 1843

Type Genus Capros Lacepède, 1802.
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Capros Lacepède, 1802

Type Species Capros (= Zeus) aper (Linnaeus, 1758).

Distribution In Greece, this genus is known only from the Tortonian of Makrilia 
Formation, in the vicinity of Ierapetra (Gaudant 2004). Outside Greece, fossil spe-
cies of the genus have been recognized in the Oligocene of the Carpathians, the 
Caucasus, Germany, and France (Baciu et al. 2005b; Přikryl et al. 2016c), and the 
late Miocene of Italy and Algeria (Baciu et al. 2005a). The living species C. aper is 
known from the Pliocene–Pleistocene of Italy (Landini and Sorbini 2005a).

6  Conclusions and Avenues for Future Research

Over a century and a half of exploration and sporadic scientific research on the acti-
nopterygian fossil record of Greece has led to the discovery of numerous fossil sites, 
and laid the foundations for further work on the regional fossil record of the clade. 
Actinopterygian fossils in Greece have a patchy record that spans over 180 million 
years, from the Toarcian (Lower Jurassic) to the Quaternary, with the vast majority 
of known occurrences concentrated in the late Neogene (late Miocene–Pliocene) 
and being of clear marine affinities (summarized in the Appendix). Little informa-
tion is available for older, or freshwater and brackish localities. The pre- Neogene 
fossil record of Greece merits further scientific attention and exploration, especially 
given the huge record of sedimentary rocks and complex geological history of 
Greece. Deposits predating the Jurassic have not yet, to the author’s knowledge, 
been investigated extensively for potential paleoichthyological content (excluding 
conodonts), and like in the case of chondrichthyans (Argyriou et al. 2017), actinop-
terygian fossils are anticipated in Paleozoic–early Mesozoic deposits.

Historically, alpine sedimentary formations of Greece (e.g., the “External 
Hellenides”), which record a major part of the Mesozoic and early Cenozoic, have 
been considered to be of principally tectonostratigraphic importance to the geologi-
cal and paleontological community, and have remained outside the interest of verte-
brate paleontologists. Yet, preliminary investigations have indicated the yet untapped 
paleoichthyological potential of such deposits. The presumably rich Toarcian bone-
beds of Ionian Unit exposures in Lefkada have been totally neglected since their 
first discovery (Kottek 1964), despite their potential informativeness on early teleost 
diversification. Moreover, understudied fish assemblages from the late Cretaceous–
Paleogene of Pindos Unit can shed light on the evolution and biogeography of 
Tethyan faunas (Koch and Nikolaus 1969; Cavin et al. 2012; Argyriou and Davesne 
2021; pers. obs. on the  K/Pg of Eurytania, Northern–Central Peloponnese and 
Gavdos) during this critical time interval of global marine restructuring, which is 
otherwise poorly documented in the global fossil record. Further research should be 
directed toward freshwater and brackish faunas, which are so far known from 
Miocene or younger deposits (e.g., Miocene of Kymi Euboea: de Waldheim 1838, 
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1850; Unger 1867; Miocene of Chios: Reichenbacher and Böhme 2004), and their 
insights into the evolution of modern European freshwater ichthyofaunas and their 
biogeographical and paleohydrological inferences.

Late Miocene–Pliocene fossiliferous localities and horizons, especially the ones 
in Crete and Gavdos, host diverse actinopterygian assemblages of often exquisite 
preservation quality (Gaudant et al. 1994, 1997a, 2005, 2006; Gaudant 2001, 2004). 
Numerous families and genera have already been recognized in these assemblages, 
largely on the basis of broad morphological and meristic similarities with late 
Miocene taxa from Italy and Algeria (e.g., Arambourg 1925, 1927; Gaudant 2008b). 
Previous works, however, have treated these assemblages from an alpha-taxonomic 
point of view, and provided some limited information on their paleoenvironmental 
significance. Additional taxonomic diversity, including new species, remains to be 
identified in these sites, pending detailed anatomical descriptions (Přikryl and 
Carnevale 2017), and is a prerequisite for further systematic and biogeographic 
work. The importance of following this line of research cannot be overstressed, 
especially when taking into account the scarcity of information for this part of (Neo)
Tethys, in comparison to what is now the Western and Central Mediterranean (e.g., 
Arambourg 1925, 1927; Landini and Sorbini 2005a; Carnevale 2007; Gaudant 
2008a, b). Research on Greek fossils is anticipated to unveil further clues for tracing 
the gradual emergence of the modern endemic and Atlantic hallmark of 
Mediterranean marine faunas from the tropical, Indopacific-like faunas of the 
Miocene, and the role of major events, such as the Messinian Salinity Crisis and 
Pleistocene cooling(s) in this process (Gaudant et  al. 1994, 1997a, 2005, 2006; 
Gaudant 2001, 2002, 2004; Landini and Sorbini 2005a, b).

This work collates available information on actinopterygian fossils and their spa-
tiotemporal distribution in Greece, as well as their potential significance. It is hoped 
to form a stimulating basis for further paleoichthyological research in the country. 
As a concluding remark, properly curated paleoichthyological collections of Greek 
fish fossils are crucial for invigorating paleoichthyology in the country, and, given 
funding and staff limitations, Greek institutions and museums are encouraged to 
work toward this goal.
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 Appendix

Tables with a detail list of the occurrences of ray-finned fishes in Greece.

Table 2 List of Greek localities with known occurrences of non-teleostean actinopterygians 
(†Pycnodontidae), and stem (†Ichthyodectoidei, †Leptolepididae) and early diverging crown 
teleosts (†Osmeroididae) in chronological order

LocalitiesPBDB No Age Taxon

Gavdos207367 Late Maastrichtian †Ichthyodectoidei indet.1

Unspecified localities near Karpenisi Late Maastrichtian †Osmeroididae
†Osmeroides sp.2,**

Lindos, Rhodes207610 ?Cenomanian †Pycnodontidae
†Coelodus sp.3–5

Anavryssada Toarcian †Leptolepididae indet.6, *

*Taxonomy revised, or updated in this study
**Poorly documented occurrence, not treated further in this chapter
1Cavin et al. (2012), 2Koch and Nikolaus (1969), 3Melentis (1967a), 4Melentis (1967b), 5Schultz 
et al. (1997), 6Kottek (1964)

Table 1 List of Greek localities with known occurrences of ray-finned fishes have not yet been 
studied and/or identified to lower taxonomic levels

LocalitiesPBDB No Age (MN) Taxon

Marathousa 1199937–40 Middle Pleistocene Teleostei indet.1

‘Unit e’, Pigadia Basin Middle Pleistocene Teleostei indet. (cf. 
Ostariophysi)2

Gryllos-Mesovouni Plio–Pleistocene Teleostei indet.3

Vatera207301 Plio–Pleistocene Teleostei indet.4

Northern Milos Plio–Pleistocene Teleostei indet.5

Faros, Aegina ? Zanclean Teleostei indet.6

Temple of Aphrodite, Aegina ? Zanclean Teleostei indet.6

Florina/Ptolemais Messinian–Zanclean Teleostei indet.7

Neo Khorio207611 Messinian Teleostei indet.8

Keri, Zakynthos Tortonian Teleostei indet.9

Kefalonia ? Late Miocene Teleostei indet.*

Nenita beds, Chios207609 Early Miocene (MN5) Teleostei indet.10, i

Near Megalopoli Late Maastrichtian Teleostei indet.**

MN Mammal Neogene Zone
*Pers. obs. and comm. with S. Roussiakis
**Pers.obs. and comm. with E. Koskeridou, G. Theodorou, and K. Trikolas
iFamilies recognized on the basis of otoliths and/or ichthyoliths, treated by Agiadi (this volume)
1Panagopoulou et al. (2018), 2Bellas et al. (1998), 3Kamperis (1987), 4Drinia et al. (2002), 5Calvo 
et al. (2012), 6Leivaditis (1974), 7Hordijk and de Bruijn (2009), 8Freuenthal (1969), 9Dermitzakis 
(1979), 10Reichenbacher and Böhme (2004)

T. Argyriou



127

Table 3 List of Greek localities with known occurrences of otocephalan ray-finned fishes: families 
Clupeidae and Cyprinidae

LocalitiesPBDB No Age Taxon

Stavromenos162721 Piacenzian Clupeidae
Alosa sp.1

Sardina sp.1,
Spratelloides sp.1,

Roufas207304 Piacenzian Clupeidae
Alosa sp.1

Sardina sp.1,
Armissos207303 Piacenzian Clupeidae

Alosa cf. A. elongata1,2

Sardina cf. S. pilchardus1,2,
Spratelloides cf. S. 
gracilis1,2,

Voutes207357 Piacenzian Clupeidae
Alosa sp.2,
? Sardina sp.2,
Spratelloides gracilis2,

Gournes207359 Piacenzian Clupeidae
Alosa sp.2,
? Sardina sp.2,
Spratelloides gracilis2

Aghios Thomas, Aegina207360 Zanclean Upper part of section:
Clupeidae
Spratelloides gracilis3

Middle part of section:
Clupeidae indet.,*

Mesagros – Alones road:
Clupeidae
Spratelloides cf. S. gracilis4

Kalamaki Pliocene Clupeidae
Spratelloides gracilis5

Strymonas Pliocene Clupeidae
? Alosa tanaica6,*

Aidonochori Late Miocene Clupeidae indet.7
Metochia C207361 Messinian Clupeidae

Alosa sp.8

Akropotamos Messinian Clupeidae
†Alosa crassa9,*

Ano Metochi 331928 Messinian Cyprinidae indet.10

Mires207364 Messinian Clupeidae
†Alosa crassa11,*
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LocalitiesPBDB No Age Taxon

Unknown Cretan locality, possibly near 
Rethymnon

?Messinian Clupeidae
†Alosa crassa12,13

Karave60775 Tortonian Clupeidae
†Alosa crassa14,*

Chapel Aghia Paraskevi207356 Tortonian Clupeidae
Alosa sp.15,
†Alosa cf. A. crassa15,*,
Spratelloides sp.15

Type strata of Makrilia Fm., 4 km to the North 
of Chapel Aghia Paraskevi

Tortonian Clupeidae indet.16

Lapsarna186558 Burdigalian Cyprinidae
Barbus sp.17,
Cyprinion sp.17,
†Palaeoleuciscus sp.17

Aghioi Theodori or Myriki207612 Danian Clupeidae indet.18,**

Unspecified localities near Karpenisi Late 
Maastrichtian

Clupeomorpha incertae 
sedis
†Scombroclupea sp.18,**

*Taxonomy revised, or updated in this study
**Poorly documented occurrence, not treated further in this chapter
1Gaudant (2001), 2Gaudant et al. (1994), 3Gaudant et al. (2010b), 4Argyriou and Theodorou (2011), 
5Gaudant and Symeonidis (1995), 6Weiler (1943), 7Kevrekidis (2016), 8Gaudant et  al. (2006), 
9Dermitzakis et al. (1986), 10Georgalis et al. (2017), 11Gaudant et al. (1997a), 12Gaudant (1980), 
13Gaudant (2014b), 14Gaudant et al. (2005), 15Gaudant (2004), 16Bürgin (1994), 17Vasileiadou et al. 
(2017), 18Koch and Nikolaus (1969)

Table 4 List of Greek localities with known occurrences of aulopiform ray-finned fishes: families 
†Dercetidae, †Enchodontidae, and Paralepididae

LocalitiesPBDB No Age Taxon

Metochia C207361 Messinian Paralepididae
†Paralepis albyi1

Gavdos207367 Late Maastrichtian †Enchodontidae
†Enchodus cf. †E. dirus2,

Aghia Trias–Domiani Road207613 Late Maastrichtian †Dercetidae
†Dercetidae indet.3,*

†Enchodontidae
? †Enchodus indet.3,
†Ichthyotringidae**

†Ichthyotringa sp. 3,*,**

Unspecified localities near Karpenissi207615 Late Maastrichtian †Enchodontidae
†Eurypholis indet.3,**

*Taxonomy revised, or updated in this study
**Poorly documented occurrence, not treated further in this chapter
1Gaudant et al. (2006), 2Cavin et al. (2012), 3Koch and Nikolaus (1969)
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Table 5 List of Greek localities with known occurrences of stomiatiform ray-finned fishes: 
families Gonostomatidae and Sternoptychidae

LocalitiesPBDB No Age Taxon

Armissos207303 Piacenzian Sternoptychidae
Maurolicus cf. M. muelleri1

Aegina Island Zanclean Sternoptychidae
Argyropelecus sp.2

Metochia C207361 Messinian Sternoptychidae
Maurolicus muelleri3

Tsangaraki207364 Messinian Sternoptychidae
Maurolicus muelleri4

Mires207364 Messinian Maurolicus muelleri4

Chapel Aghia Paraskevi207356 Tortonian Gonostomatidae
†Cyclothone gaudanti5–6,
Sternoptychidae
Maurolicus muelleri5

400 m from Chapel Aghia Paraskevi207355 Tortonian Gonostomatidae
†Cyclothone gaudanti5–6,
Sternoptychidae
Maurolicus muelleri5

1Gaudant (2001), 2Argyriou and Theodorou (2011), 3Gaudant et al. (2006), 4Gaudant et al. (1997a), 
5Gaudant (2004), 6Přikryl and Carnevale (2017)

Table 6 List of Greek localities with known occurrences of myctophiform ray-finned fishes: 
family Myctophidae

LocalitiesPBDB No Age Taxon

Armissos207303 Piacenzian Myctophidae indet.1

Metochia C207361 Messinian †“Myctophum” dorsale2,
†“Myctophum” licatae2

Tsangaraki207364 Messinian †“Myctophum” licatae3

Mires207364 Messinian †“Myctophum” licatae3,
†“Myctophum” dorsale3

Psalida207365 Messinian †“Myctophum” licatae3,
†“Myctophum” dorsale3

‘Unit b’, Pigadia Basin Messinian Myctophidae indet.4

Metochia B185752 Tortonian †“Myctophum” licatae5

Karave60775 Tortonian †“Myctophum” licatae5

Chapel Aghia Paraskevi207356 Tortonian †“Myctophum” licatae6

400 m from Chapel Aghia Paraskevi207355 Tortonian †“Myctophum” sp.6,
†“Myctophum” licatae6

Type strata of Makrilia Fm., 4 km to the North 
of Chapel Aghia Paraskevi

Tortonian Myctophidae indet.7

1Gaudant (2001), 2Gaudant et al. (2006), 3Gaudant et al. (1997a), 4Bellas et al. (1998) 5Gaudant 
et al. (2005), 6Gaudant (2004), 7Bürgin (1994)
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Table 7 List of Greek localities with known occurrences of gadiform ray-finned fishes: families 
Gadidae, Moridae, and Bregmacerotidae

LocalitiesPBDB No Age Taxon

Stavromenos162721 Piacenzian Bregmacerotidae
Bregmaceros sp.1,2

Roufas207304 Piacenzian Bregmacerotidae
Bregmaceros cf. †B. albyi1

Armissos207303 Piacenzian Bregmacerotidae
Bregmaceros cf. †B. albyi1,3

Gadidae
Micromesistius sp.1,
Moridae
Gadella sp.1,

Voutes207357 Piacenzian Bregmacerotidae
†Bregmaceros albyi3

Prassas207358 Piacenzian Bregmacerotidae
†Bregmaceros albyi3

Gournes207359 Piacenzian Bregmacerotidae
†Bregmaceros albyi3

Aghios Thomas, Aegina207360 Zanclean Middle part of section:
Bregmacerotidae
Bregmaceros cf. †B. albyi4

Mesagros – Alones Road:Bregmacerotidae
Bregmaceros cf. †B. albyi4

Kalamaki Pliocene Moridae
? Gadella sp.6

Metochia C207361 Messinian Bregmacerotidae
†Bregmaceros albyi7

Mires207364 Messinian Bregmacerotidae
†Bregmaceros albyi8

Psalida207365 Messinian Bregmacerotidae
†Bregmaceros albyi8

‘Unit b’, Pigadia Basin Messinian †Bregmaceros albyi9

Metochia B185752 Tortonian Bregmacerotidae
†Bregmaceros albyi10,

Chapel Aghia Paraskevi207356 Tortonian Bregmacerotidae
†Bregmaceros albyi11

400 m from Chapel Aghia 
Paraskevi207355

Tortonian Bregmacerotidae
†Bregmaceros albyi11

Type strata of Makrilia Fm., 4 
km to the North of Chapel 
Aghia Paraskevi

Tortonian †Bregmaceros albyi.12

1Gaudant (2001), 2Symeonidis and Schultz (1973), 3Gaudant et  al. (1994), 4Argyriou and 
Theodorou (2011), 5Weiler (1943), 6Gaudant and Symeonidis (1995), 7Gaudant et  al. (2006), 
8Gaudant et  al. (1997a),  9Bellas et  al. (1998), 10Gaudant et  al. (2005), 11Gaudant (2004), 
12Bürgin (1994)
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Table 8 List of Greek localities with known occurrences of acanthomorph ray-finned fishes: 
families listed alphabetically Acanthuridae, Atherinidae, Belonidae, Blenniidae, Bothidae, 
Caproidae, Carangidae, Centriscidae, Centropotamidae, Cyprinodontidae, Dactylopteridae, 
Gobiidae, Labridae, Monacanthidae, Scombridae, Serranidae, Sparidae, Syngnathidae, and 
Trichiuridae. Additional families (Ambassidae, Moronidae, Moronidae, and Percichthyidae) are 
indicatively listed as problematic occurrences in the Miocene of Kymi, but are not further treated

LocalitiesPBDB No Age Taxon

Frangokastello207302 middle–late Pliocene Monacanthidae
†Frigocanthus stroppanobili1

Stavromenos162721 late Pliocene Trichiuridae
Lepidopus sp.2

Roufas207304 Piacenzian Trichiuridae
Lepidopus cf. caudatus2

Armissos207303 Piacenzian Belonidae
Belone sp.2,
? Scomberesox sp.2,
Carangidae
Caranx sp.2,
Trachurus sp.2,
Centriscidae
Aeoliscus cf. A. strigatus2–3,
Dactylopteridae
Dactylopterus sp.2,
Labridae indet.2

Monacanthidae
†Frigocanthus margaritatus1,2

Percomorpha indet.2,*,
Scombridae
Scomberomorus sp.2,
Scomber sp.2,
Serranidae
Serranus sp.2,
Sparidae
Boops sp.2,4,
Syngnathidae
Syngnathus cf. †S. albyi2–3,
Trichiuridae
Lepidopus sp.2,4,

Voutes207357 Piacenzian Belonidae
Belone sp.4,
Syngnathidae
Syngnathus sp.4,
Trichiuridae
Lepidopus sp.4

Prassas207358 Piacenzian Blenniidae
Salaria cf. S. pavo4,*,
Percomorpha indet.4,*

Sparidae
Boops cf. B. boops4,
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LocalitiesPBDB No Age Taxon

Gournes207359 Piacenzian Gobiidae
Gobius s.l. sp.4

Sparidae,
Boops cf. B. boops4,

Aghia Marina Aegina Piacenzian? ?Labridae*,**

?†Trigonodon cf. jugleri5,*, **

Aghios Thomas, 
Aegina207360

Zanclean Upper part of section:
Serranidae indet.6

Mesagros – Alones Road:
Percomorpha indet.*

Syngnathidae
Syngnathus cf. S. acus7,
Percomorpha indet*.

Kalamaki Pliocene Atherinidae
Atherinidae indet.8

Carangidae
Trachurus sp.8,
Gobiidae
Gobius s.l. sp.8,
Percomorpha indet.8,*

Metochia C207361 Messinian Centriscidae
? Aeoliscus sp.9,*

Syngnathidae
Syngnathus cf. †S. albyi9

Trichiuridae
Lepidopus sp.9,

Voukolies207362 Messinian Cyprinodontidae
†A. crassicaudus10,*

Kaleryiana207363 Messinian Cyprinodontidae
†A. crassicaudus10

Tsangaraki207364 Messinian Syngnathidae
†Syngnathus albyi11

Mires207364 Messinian Pleuronectiformes indet.11,*

Syngnathidae
†Syngnathus albyi11,
Trichiuridae
Lepidopus sp.11,

Psalida207365 Messinian Percomorpha indet.11,*

‘Unit b’, Pigadia Basin Messinian Dentex sp.12

Pagellus sp.12 
Metochia B185752 Tortonian Syngnathidae

Syngnathus cf. †S. albyi13

Trichiuridae
Lepidopus sp. 13

Karave60775 Tortonian Acanthuridae indet.13
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LocalitiesPBDB No Age Taxon

Chapel Aghia 
Paraskevi207356

Tortonian Acanthuridae indet.14,
Bothidae
Arnoglossus sp.14,
Caproidae
Capros sp.14,
Carangidae
†Alectis psarianosi14,15,
Trachurus sp.13,
Percomorpha indet.14,*,
Syngnathidae
Syngnathus cf. †S. albyi14,16

Trichiuridae
Lepidopus sp.14,15

Type strata of Makrilia 
Fm., 4 km to the North 
of Chapel Aghia 
Paraskevi

Tortonian Lepidopus sp.17

Unknown localities 
near Kymi

? early Miocene ? Ambassidae indet.18,19,*,**,
Centropomidae
cf. Latinae indet.20,21,*

? Gobiidae
? Periophtalmus sp.22,**,
? Moronidae indet.23,*,**

? Scombridae indet.,18,19**,
? Percichthyidae indet.22,**

*Taxonomy revised, or updated in this study
**Poorly documented occurrence, not treated further in this chapter
1Sorbini and Tyler (2004), 2Gaudant (2001), 3Bachmayer et  al. (1984), 4Gaudant et  al. (1994), 
5Leivaditis (1974), 6Gaudant et  al. (2010b), 7Argyriou and Theodorou (2011), 8Gaudant and 
Symeonidis (1995), 9Gaudant et al. (2006), 10Gaudant (2014b), 11Gaudant et al. (1997a), 12Bellas 
et al. (1998), 13Gaudant et al. (2005), 14Gaudant (2004), 15Symeonidis (1969), 16Bachmayer and 
Symeonidis (1978), 17Bürgin (1994), 18Valenciennes (1861), 19Gaudry (1862), 20de Waldheim (1838), 
21de Waldheim (1850), 22Unger (1867), 23Woodward (1901)
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The Fossil Otolith Record of Fishes 
(Vertebrata: Teleostei) in Greece

Konstantina Agiadi

1  Introduction

The study of otoliths has contributed significantly to the knowledge of the Cenozoic 
fossil fish record of Greece. Otoliths are the aragonitic, incrementally growing 
structures found in the inner ear of teleost fishes, which facilitate sound and balance 
perception (Schulz-Mirbach et al. 2018). There are three sets of otoliths in each fish: 
the sagittae, lapilli, and asterisci. The sagitta is the otolith used in most applications. 
Henceforth, the term “otolith” will refer only to sagittal otoliths. The main diagnos-
tic features of otoliths are the overall shape, the thickness, and the morphology of 
the inner face (Fig. 1).

The species-specific morphology and high frequency of otoliths in marine and 
lake sediments renders them invaluable to the identification of past fish faunas (Nolf 
1985). Due to their small size and robust structure, as well as the fact that their pres-
ervation seems to be independent of that of the fish skeletons, they can be obtained 
through sampling of sedimentary sequences in regular intervals (Agiadi et al. 2018). 
Therefore, they are useful for investigating the evolution of fish faunas through 
time. Moreover, they are reliable paleobathymetric and paleoecologic indicators 
(Nolf and Brzobohatý 1994a; Girone 2000; Agiadi et al. 2010, 2011), as well as 
good recorders of paleoceanographic and paleoclimatic parameters (Ivany et  al. 
2000; Andrus et al. 2002). Since fish inhabit the entire water column, the otoliths 
found within marine sediments reflect the paleoceanographic conditions in the sur-
face, intermediate, as well as the deep water levels and the bottom of the sea. Thus, 
otoliths provide information on the temperature, salinity, bathymetry, substratum, 
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water oxygenation, productivity, temperature gradient, oceanic circulation, terrige-
nous input, and other parameters. Moreover, otoliths are formed by the accretion of 
concentric layers of proteins and aragonite crystallites throughout the fish’s life 
duration (Degens et al. 1969; Campana 1999). Taking advantage of that, numerous 
biogeochemical proxies based on fish otoliths have been developed and applied to 
great success (Thorrold et al. 1997; Ghosh et al. 2007).

The studies of fish otoliths and skeletal parts complement each other. Indeed, 
there are significant differences between the two records. Comparing the otolith- 
based with the skeletal-based records of the Messinian of Italy, Girone et al. (2010) 
observed that the skeletal-based record was much richer than the otolith-based 
record, mainly due to the greater number of studies on the subject, but there were 
notable taxonomic discrepancies between the two records, in both the species and 
genus level. Similarly, Agiadi et al. (2018) reviewed the Pliocene–Pleistocene fish 
records in Greece obtained through both approaches and made two surprising obser-
vations. First, the otolith-based record is much richer than the skeletal one. At least 
to some extent, this is due to lack of research effort targeting fish skeletal remains. 
Nevertheless, individual studies on fish otoliths yielded greater numbers of species 
than studies on skeletal material. Moreover, only three fish species had been identi-
fied through both otoliths and skeletal parts, suggesting that the two approaches are 
suitable for identifying different fish species. For example, the skeleton-based 
record is rich in Clupeidae remains, which are not as often found in otolith assem-
blages, possibly because their otoliths are small and fragile. It may be that the dif-
ferent taphonomic and preservation requirements favor different taxonomic groups. 
Therefore, in order to study the paleobiogeographic evolution of the fish fauna in a 
basin, it is important to combine results from both approaches. Whereas preserved 

Fig. 1 Morphological nomenclature applied for the description and systematic taxonomy of fossil 
fish otoliths (modified from Nolf 1985). On the left is a schematic representation of the 
Acanthopterygian type of otolith, while on the right the Paracanthopterygian type. 1 Sulcus, 2 
Colliculum, 3 Cauda, 4 Ostium, 5 Dorsal rim, 6 Posterior rim, 7 Ventral rim, 8 Ventral fissure/fur-
row, 9 Crista superior, 10 Crista inferior, 11 Antirostrum, 12 Excissura, 13 Rostrum. Both sketches 
correspond to a left otolith
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skeletons provide data on the morphology and ecology of fish, otoliths give a more 
complete picture of the assemblage.

2  Historical Overview

The landmark handbooks by Nolf (1985, 2013) provide overviews of the fish otolith 
record worldwide, and they are not repeated here. Notably, the systematic study of 
fish otoliths is a recent development, and indeed the fossil otolith record is far from 
complete. The first reference of fossil otoliths from the Greek realm is that of 
Marcopoulou-Diacantoni and Kagiouzis (2001), reporting on few otoliths in the 
marine Pliocene deposits south of Rethymnon (Crete Island). Keupp and Bellas 
(2002) also reported some findings from the Tortonian of Chania Prefecture. 
Reichenbacher and Boehme (2004) presented some otoliths of lake fish from the 
southeastern part of Chios Island. Next, Tsaparas and Marcopoulou-Diacantoni 
(2005) reported on otoliths from the Tortonian–Messinian marine sediments on 
Gavdos Island. The first extensive studies on fossil fish otoliths from Greece were 
those on the marine Pleistocene of Zakynthos and Kephallonia Islands (Agiadi et al. 
2010, 2011), including the first paleoecologic and paleobathymetric analysis of oto-
lith assemblages in Greece. Since then, many other major studies have followed. 
The Zanclean marine fish otoliths of Crete were reported on by Agiadi et al. (2013a) 
and used for estimating the paleodepth in the same area (Agiadi et al. 2013b). The 
Messinian marine fish otolith assemblages of the Ionian realm were presented in the 
study by Karakitsios et al. (2017). Lake fish otoliths were reported by Vasileiadou 
et al. (2017) from the Burdigalian of Lesvos Island. Next, the Tortonian–Messinian 
marine fish record from Crete Island was presented (Agiadi et al. 2017; Moissette 
et al. 2018). After that, the Pleistocene marine fish assemblages of the southeastern 
Aegean Sea were presented and analyzed in the recent studies on Rhodes Island 
(Agiadi et al. 2018, 2019). Finally, the early Zanclean shallow-water marine fish 
assemblages of southwest Peloponnese were presented by Agiadi et al. (2020).

3  Methodological Particularities in the Study of Fossil 
Fish Otoliths

A main issue in the study of the evolution of fish faunas is stratigraphic continuity 
and control. As a standard, fish otolith studies require large bulk sediment samples. 
In older studies (Anfossi and Mosna 1972; Aruta and Greco 1980), researchers 
approached the sampling procedure with the notion of horizon sampling. They gen-
erally took bulk sediment samples from horizons or beds that provided macroscopic 
evidence of fish otolith presence. As a result, these studies produced sporadic fish 
distributions and stratigraphic continuity was lost. In more recent studies (Nolf and 

The Fossil Otolith Record of Fishes (Vertebrata: Teleostei) in Greece



146

Fig. 2 Map of the occurrences of fossil otoliths of fishes from Greece. See Appendix for further 
information and text for details. Pleistocene: 1, Tsampika, Rhodes Island; 2, Kallithea beach, 
Rhodes Island; 3, Lardos, Rhodes Island; 4, Sgourou, Rhodes Island; 5, Haraki, Rhodes Island; 6, 
Pefka, Rhodes Island; 7, Kallithea road, Rhodes Island; 8, Gerakas, Zakynthos Island; 9, Akrotiri, 
Kephallonia Island; 10, Cape Vagia, Rhodes Island; 11, Lindos, Rhodes Island; 12, Kritika North, 
Rhodes Island; 13, Faliraki South, Rhodes Island; 14, Faliraki North, Rhodes Island; Pliocene: 15, 
Amnissos, Heraklion, Crete; 16, Gournes, Heraklion, Crete; 17, Prassies, Rethymnon, Crete; 18, 
Voutes, Heraklion, Crete; 19, Agia Triada, SW Peloponnese; Miocene: 20, Kalamaki, Zakynthos 
Island; 21, Kapariana, Heraklion, Crete; 22, Potamida, Chania, Crete; 23, Faneromeni, Heraklion, 
Crete; 24, Agios Ioannis, Gavdos Island; 25, Potamos, Gavdos Island; 26, Lapsarna, Lesvos Island; 
27, Nenita, Chios Island. See Appendix for more information. Image exported from Google Earth 
Pro © 2019, map data from US Dept. of State Geographer, SIO, NOAA, U.S.  Navy, NGA, 
GEBCO, image from Landsat/Copernicus. Scale bar equals 80 km, North faces upward
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Cappetta 1988; Girone and Varola 2001; Girone 2003), researchers have realized 
this drawback, and sampling is now made in a more organized manner, taking mul-
tiple large bulk sediment samples along biostratigraphically dated outcrops at regu-
lar intervals. This new approach enables direct correlation of the otolith study results 
with those from other studies on the same outcrops and allows reconstructing the 
evolution of the fish fauna through time in the specific study area.

4  Distribution

Teleost fish today occupy almost all water bodies on Earth and express a wide and 
diverse variety of adaptations, even to extreme environments. Therefore, it is 
expected that fish remains, and more specifically otolith remains, may be found in 
marine sediments from very different marine and freshwater paleoenvironmental 
settings. The Appendix contains the current state of knowledge regarding the distri-
bution of fossil fish otoliths in the deposits of the Greek realm (Fig. 2). Thus far, the 
marine fish otolith record includes findings only from the late Cenozoic, namely the 
Tortonian–Messinian of Crete (Agiadi et al. 2017; Moissette et al. 2018) and Gavdos 
(Tsaparas and Marcopoulou-Diacantoni 2005), the Messinian of Zakynthos 
(Karakitsios et al. 2017), the Pliocene of Crete (Agiadi et al. 2013a, b; Marcopoulou- 
Diacantoni and Kagiouzis 2001) and Peloponnese (Agiadi et  al. 2020), and the 
Pleistocene of Rhodes (Agiadi et al. 2018, 2019; Cornée et al. 2019), Zakynthos, 
and Kephallonia (Agiadi et  al. 2010, 2011). Freshwater fish have been reported 
based on their otoliths from the Burdigalian of Lesvos (Vasileiadou et al. 2017) and 
the Burdigalian–Langhian of Chios (Reichenbacher and Boehme 2004).

5  Systematic Paleontology

Despite the recent development of the systematic study of fossil otoliths, at least 
122 species, 95 genera, and 49 teleost fish families have been recognized in Greece. 
In this chapter, all valid taxa reported in Greece are mentioned, along with their 
distribution in the fossil record focusing on the Mediterranean and the Paratethys. 
Moreover, species of particular paleontological or paleobiogeographic interest are 
given special attention. For specimens that are unidentifiable to the species and/or 
genus level, only their record in Greece is mentioned. Type material and locality are 
mentioned only when they refer to otoliths. The classification scheme adopted is 
that for fish by Nelson et al. (2016). The names of fossil taxa are preceded by † 
(Patterson and Rosen 1977).

Teleostei Müller, 1845
Albuliformes Greenwood, 1977
Albulidae Bleeker, 1859
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Type Genus Albula Scopoli, 1777.

Included Taxa The genus Albula, which has ten species, and the genus Pterothrissus 
with two species are the only living representatives of this family (Nelson et al. 2016).

Pterothrissus Hilgendorf, 1877

Type Species Pterothrissus gissu Hilgendorf, 1877.

†Pterothrissus compactus Schwarzhans, 1981

Type Material Schwarzhans 1981, left otolith SMF P. 6239 (holotype) (Fig. 9 in 
Schwarzhans 1981) and four paratypes SMF P. 6240–6244 (only three figured in 
Figs. 10, 11, and 12 by Schwarzhans 1981).

Type Locality Le Puget sur Argens (South France), Zanclean.

Distribution In Greece, this extinct otolith-based species is only known from the 
Zanclean of Peloponnese (Fig. 3; Agiadi et al. 2020). Moreover, it has been reported 
from the Zanclean of southeast France (Schwarzhans 1981, 1986), northern Italy 
(Nolf and Cavallo 1995), and Portugal (Nolf 2013).

Remarks The otoliths of this species have medium thickness and a rectangular 
inner face. The sulcus is clearly divided into an oval-shaped ostium placed in the 
anterodorsal region of the inner face, and a long a rather thin cauda.

Congidae Kaup, 1856

Type Genus  Conger Bosc, 1817.

Included Taxa The family Congidae contains 194 extant species (Nelson et  al. 
2016). In the Greek fossil otolith record, Congidae is represented by: Conger con-
ger (Linnaeus, 1758); Gnathophis mystax (Delaroche, 1809); †Pseudophichthys 
escavaratierensis (Nolf and Cappetta, 1988); Pseudophichthys splendens (Lea, 
1913); †Rhynchoconger pantanellii (Bassoli, 1906).

Fig. 3 Scanning electron 
microscopic image of a 
typical otolith of 
Pterotrissus compactus, 
from the Zanclean of Agia 
Triada (Agiadi et al. 2020). 
Scale bar equals 1 mm
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Distribution The extant species Conger conger, Gnathophis mystax, and 
Pseudophichthys splendens have all been reported from the Pleistocene of Rhodes 
(Agiadi et al. 2018; Fig. 4). In addition, Conger conger and Gnathophis mystax are 
known from the Zanclean of Peloponnese (Agiadi et  al. 2020), whereas 
Pseudophichthys splendens was found in the Zanclean of Crete, along with 
†Pseudophichthys escavaratierensis (Agiadi et al. 2013a). Finally, the Mediterranean 
endemic species †Rhynchoconger pantanellii has been reported from the Tortonian–
Zanclean of Crete (Agiadi et al. 2013a, 2017; Moissette et al. 2018). Outside Greece, 
C. conger has been reported from the Pleistocene of Italy; G. mystax from the 
Zanclean of Italy; P. splendens from the Messinian and Piacenzian of Italy; †P. esca-
varatierensis from the Zanclean of Italy and France (Nolf and Cappetta 1988; Nolf 
and Cavallo 1995; Nolf and Girone 2006); and †Rhynchoconger pantanellii from 
the Oligocene of Hungary (D. Nolf and Brzobohatý 1994b), the late Miocene of 
Austria (Nolf and Brzobohatý 2009), the Tortonian and the Zanclean of Italy 
(Anfossi et al. 1982; Schwarzhans 1979; Lin et al. 2015), and the Zanclean of Spain 
(Nolf et al. 1998).

Remarks Congidae otoliths are convex in both their inner and outer face, and their 
sulcus is elongated, undivided, and opens toward the dorsal rim.

Engraulidae Gill, 1861

Type Genus Engraulis Cuvier, 1816.

Included Taxa Overall, there are 146 living species belonging to this family 
(Nelson et al. 2016). Only the European anchovy Engraulis encrasicolus (Linnaeus, 
1758) has been found in the Greek fossil otolith record.

Distribution Engraulis encrasicolus has been recorded in the Middle–Upper 
Pleistocene of Rhodes (Agiadi et al. 2018; Fig. 5) and in the Pliocene and Pleistocene 
of Italy (Landini and Sorbini 2005; Girone et al. 2006; Girone 2007).

Fig. 4 Scanning electron microscopic images of typical otoliths of Congidae from Greece. a 
Conger conger (scale bar equals 200 μm), and b Gnathophis mystax (scale bar equals 500 μm). 
Both come from the Middle Pleistocene of Rhodes Island (Agiadi et al. 2018)
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Remarks The otoliths of E. encrasicolus are elongated, short, thin, and rather frag-
ile. The sulcus is thin and elongated, and their rostrum is very long.

Clupeidae Cuvier, 1816

Type Genus Clupea Linnaeus, 1758.

Included Taxa There are 218 extant species in this family (Nelson et al. 2016). In 
the Greek fossil otolith record, there are only Sardina pilchardus (Walbaum, 1792), 
Sardinella maderensis (Lowe, 1838), and Spratelloides Bleeker, 1851.

Distribution Sardina pilchardus (Fig. 6) has been reported from the Gelasian of 
Rhodes (Agiadi et al. 2019); the Messinian and the Piacenzian of Crete (Gaudant 
et al. 1994; Gaudant 2001, 2002); and the Messinian, the Piacenzian, and the Early- 
Middle Pleistocene of northern Italy (Girone et al. 2006; Girone 2007; Girone et al. 
2010). Sardinella maderensis has been reported from the Zanclean of northeast 
Spain (Nolf et al. 1998) and northern Italy (Nolf and Girone 2006), and the Calabrian 
of Rhodes (Agiadi et al. 2018). Spratelloides species are known from the Messinian 
and the Pliocene of northern Italy (Landini and Sorbini 1993; Carnevale et al. 2006); 
the Tortonian–Piacenzian of Crete (Gaudant 1993; Gaudant et al. 1994; Gaudant 
2001, 2004); and the Zanclean of Peloponnese (Agiadi et al. 2020).

Fig. 5 Scanning electron 
microscopic image of a 
typical otolith of Engraulis 
encrasicolus, from the 
Middle–Upper Pleistocene 
of Rhodes (Agiadi et al. 
2018). Scale bar equals 
500 μm

Fig. 6 Scanning electron 
microscopic image of a 
typical otolith of Sardina 
pilchardus, from the 
Zanclean of Agia Triada, 
Peloponnesus (Agiadi et al. 
2020). Scale bar equals 
200 μm
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Remarks Clupeidae otoliths are also elongated, short and thin, like those of 
Engraulidae. However, their main body (excluding the long rostrum) is more rect-
angular, and they are generally a bit higher.

Argentinidae Bonaparte, 1846

Type Genus Argentina Linnaeus, 1758.

Included Taxa Argentinidae include 27 extant species (Nelson et al. 2016). Only 
Argentina sphyraena (Linnaeus, 1758) has been found in the Greek fossil oto-
lith record.

Distribution This species has been found in the Middle Pleistocene of Rhodes 
(Agiadi et  al. 2018; Fig.  7). Previously, it was reported from the Messinian and 
Early Pleistocene of northern Italy (Girone et al. 2006, 2010).

Remarks The otoliths of this family are thin, with an approximately triangular 
inner face and a long rostrum. The posterior side is very high, and the sulcus is 
elongated and divided.

Microstomatidae Bleeker, 1859

Type Genus Microstoma Cuvier, 1816.

Included Taxa Twenty modern species are placed in this family (Nelson et  al. 
2016). Only Nansenia groenlandica (Reinhardt, 1840) appears in the fossil otolith 
record of Greece.

Fig. 7 Scanning electron 
microscopic image of a 
typical otolith of Argentina 
sphyraena, from the 
Middle Pleistocene of 
Rhodes Island (Agiadi 
et al. 2018). Scale bar 
equals 1 mm
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Distribution This species has been found in the Gelasian–Calabrian of Kephallonia 
and Zakynthos (Agiadi et al. 2010, 2011), and the Early–Middle Pleistocene of Italy 
(Girone 2003; Girone et al. 2006), denoting cold intervals.

Remarks The otoliths of this family are elongated with a very long rostrum and a 
rather rounded posterior side.

Sternoptychidae Duméril, 1805

Type Genus Sternoptyx Hermann, 1781.

Included Taxa This family includes 73 modern species (Nelson et al. 2016). The 
Greek fossil otolith record includes Maurolicus muelleri (Gmelin, 1789) and 
Polyipnus polli Schultz, 1961.

Distribution Maurolicus muelleri has been reported from the pre-evaporitic 
Messinian of Zakynthos (Karakitsios et al. 2017), the Pliocene of Crete (Gaudant 
2001; Agiadi et  al. 2013a), and the Gelasian–Middle Pleistocene of Rhodes 
(Agiadi et  al. 2018; Fig.  8a), Kephallonia, and Zakynthos (Agiadi et  al. 2010, 
2011). Outside of Greece, this species is common in the Messinian–Pleistocene of 
Italy (Nolf and Cavallo 1995; Girone and Varola 2001; Girone 2003; Nolf and 
Girone 2006; Girone 2007; Girone et  al. 2010) and south France (Nolf and 
Cappetta 1988), and the Messinian of Crete and Cyprus (Gaudant 2002). Polyipnus 

Fig. 8 Scanning electron microscopic images of typical otoliths of Sternoptychidae from Greece. 
a Maurolicus muelleri, and b Polyipnus polli. Both come from the Middle Pleistocene of Rhodes 
Island (Agiadi et al. 2018). Scale bars equal 200 μm
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polli is known from the Middle Pleistocene of Rhodes (Agiadi et al. 2018; Fig. 8b) 
and Italy (Girone and Varola 2001).

Remarks The otoliths of the species belonging to this family are triangular or 
more circular and quite high.

Phosichthyidae Weitzman, 1974

Type Genus Phosichthys Hutton, 1872.

Included Taxa There are 24 modern species in this family (Nelson et al. 2016). 
Vinciguerria attenuata (Cocco, 1838), Vinciguerria lucetia (Garman, 1899), and 
Vinciguerria poweriae (Cocco, 1838) are the species found in the fossil otolith 
record of Greece.

Distribution Vinciguerria cf. V. attenuata was identified in the Middle Pleistocene 
sediments of Rhodes (Agiadi et  al. 2018), whereas V. attenuata was previously 
known from the Pleistocene of Italy (Girone et al. 2006). Vinciguerria cf. V. lucetia 
was reported from the Pleistocene of Kephallonia (Agiadi et al. 2010). Previously, 
V. lucetia was known from the Miocene of south France (Steurbaut 1979). Vin. 
poweriae is a common species also in the Pliocene of Crete (Agiadi et al. 2013a) 
and the Pleistocene of Rhodes (Agiadi et al. 2018), but also found in the Pliocene 
and Pleistocene of Italy (Girone 2000, 2003; Girone et al. 2006; Nolf and Girone 
2006; Girone 2007) and south France (Nolf and Cappetta 1988).

Remarks The otoliths of Phosichthyidae are very small, thin, and fragile. They have 
a long and thin rostrum and an elongated, very thin sulcus. The posterior side is high.

Stomiidae Bleeker, 1859

Type Genus Stomias Cuvier, 1816.

Included Taxa There are 286 modern species in this family (Nelson et al. 2016). 
Only Chauliodus sloani Bloch and Schneider, 1801 is found in the Greek fossil 
otolith record.

Distribution This species has been reported from the Gelasian–Calabrian of 
Zakynthos (Agiadi et al. 2010, 2011) and the Early Pleistocene of Italy (Girone 2003).

Remarks Stomiidae otoliths are very small and round in shape with a very thin, 
but deep sulcus.

Chlorophthalmidae Garman, 1899

Type Genus Chlorophthalmus Bonaparte, 1840.

Included Taxa This family includes 17 modern species (Nelson et al., 2016).
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Chlorophthalmus Bonaparte, 1840

Type Species Chlorophthalmus agassizi Bonaparte, 1840.

Chlorophthalmus agassizi Bonaparte, 1840

Distribution This species is abundant in the deep eastern Ionian Sea today, and it 
is only known as a fossil from Greek localities. Chlorophthalmus cf. C. agassizi was 
first found in the Middle Pleistocene of Kephallonia (Agiadi et  al. 2010). Later, 
Chlorophthalmus agassizi was discovered in the Zanclean sediments of Crete 
(Agiadi et al. 2013a) and the Gelasian–Calabrian of Rhodes (Agiadi et al. 2018).

Remarks The otoliths of this species are elongate with an equally elongated and 
wide sulcus.

Scopelarchidae Alcock, 1896

Type Genus Scopelarchus Alcock, 1896.

Included Taxa This family includes 18 modern species (Froese and Pauly, 2019).

Distribution Scopelarchus analis has been found in the Calabrian of Kephallonia 
(Agiadi et al. 2010) and Rhodes (Agiadi et al. 2018; Fig. 9). In addition, it is known 
from the pre-evaporitic Messinian and the Pleistocene of Italy (Girone et  al. 
2006, 2010).

Remarks The otoliths of Scopelarchidae are rectangular in shape, with a central 
and divided sulcus with two rounded colliculi, and an anteroventral extension.

Fig. 9 Scanning electron 
microscopic image of a 
typical otolith of 
Scopelarchus analis, from 
the Middle Pleistocene of 
Rhodes Island (Agiadi 
et al. 2018). Scale bar 
equals 1 mm
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Myctophidae Gill, 1893

Type Genus  Myctophum Rafinesque, 1810.

Included Taxa Benthosema glaciale (Reinhardt, 1837); Benthosema suborbitale 
(Gilbert, 1913); †Bolinichthys italicus (Anfossi and Mosna, 1971); Ceratoscopelus 
maderensis (Lowe, 1839); †Diaphus acutirostrum (Holec, 1975); Diaphus adeno-
mus Gilbert, 1905; †Diaphus befralai Brzobohatý and Nolf, 2000; †Diaphus caval-
lonis Brzobohatý and Nolf, 2000; Diaphus holti Tåning, 1918; †Diaphus 
pedemontanus (Robba, 1970); Diaphus rafinesquii (Cocco, 1838); †Diaphus rubus 
(Girone et al., 2010); Diaphus splendidus (Brauer, 1904); Diaphus taaningi Norman, 
1930; Electrona risso (Cocco, 1829); Hygophum benoiti (Cocco, 1838); Hygophum 
hygomii (Lütken, 1892); Lampadena dea Fraser-Brunner, 1949; Lampanyctus croc-
odilus (Risso, 1810); †Lampanyctus latesulcatus (Nolf and Steurbaut, 1983); 
Lobianchia dofleini (Zugmayer, 1911); †Myctophum coppa (Girone et al., 2010); 
†Myctophum fitchi (Schwarzhans, 1979); Myctophum punctatum Rafinesque, 1810; 
Notoscopelus elongatus (Costa, 1844); Notoscopelus resplendens (Richardson, 
1845); Protomyctophum arcticum (Lütken, 1892); †Scopelopsis pliocenicus 
(Anfossi and Mosna, 1976); Symbolophorus veranyi (Moreau, 1888). Overall, 
today, this family has 248 species (Froese and Pauly, 2019).

Distribution Fish otoliths from species belonging to this family are, by far, the 
most common in the Cenozoic marine record of the Mediterranean and worldwide 
(Schwarzhans and Aguilera 2013). Several authors (Brzobohatý  and Nolf 1996, 
2000; Girone and Nolf 2002; Girone et al. 2010) have presented thorough revisions 
of the European record of Myctophidae. These mesopelagic fish are the dominant 
family in deep pelagic environments today, and have been reported in Greece from 
the Tortonian until the Middle Pleistocene (Fig. 10). Particularly interesting is the 
record of some of these species in response to major paleoclimatic shifts. Such is the 
case for Benthosema glaciale and Protomyctophum arcticum, whose abundance and 
presence, respectively, seem to reflect the glacial intervals in the Pleistocene (Agiadi 
et al. 2018). Moreover, there is a notable change from the large, robust otoliths of 
the Tortonian and the Zanclean, such as those of Diaphus adenomus, Diaphus 
splendidus, and †Diaphus cavallonis, to the smaller and more refined forms of the 
Pleistocene, including Diaphus taaningi, Diaphus rafinesquii, and Diaphus holti. In 
addition, the endemic species †Diaphus rubus and †Myctophum coppa evolve dur-
ing the Messinian in the Mediterranean (Girone et al. 2010) and are also recorded in 
the pre-evaporitic Messinian of Zakynthos (Karakitsios et  al. 2017) and Crete 
(Moissette et al. 2018).

Remarks Myctophid otoliths are oval or square in shape, with a wide, divided 
sulcus, and clearly defined rostrum, antirostrum, and excissura. The otoliths of sev-
eral species in this family, when not eroded, show denticles on their ventral rim. In 
addition, a unique characteristic of this family is the collicular crest underlying the 
caudal colliculum.
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Macrouridae Bonaparte, 1831

Type Genus Macrourus Bloch, 1786.

Included Taxa †Bathygadus novus (Bassoli, 1906); Coelorinchus Giorna, 1809; 
Trachyrincus scabrus (Rafinesque, 1810). This family contains 406 modern species 
(Froese and Pauly 2019).

Distribution The deepwater species †B. novus has been identified in the late 
Eocene, the Tortonian, and the Zanclean of Italy (Nolf and Steurbaut 1983, 2004; 
Nolf and Girone 2006; Lin et al. 2015), in the Eocene of south France (Lin et al. 

Fig. 10 Scanning electron microscopic images of typical otoliths of Myctophidae from Greece. a 
Benthosema glaciale, b Benthosema suborbitale, c Ceratoscopelus maderensis, d Diaphus caval-
lonis, e Diaphus holti, f Diaphus rafinesquii, g Hygophum benoiti, h Notoscopelus elongatus, and 
i Protomyctophum arcticum. a, c, and e–i are from the Middle Pleistocene of Rhodes Island 
(Agiadi et al. 2018), b and d are from the Tortonian of Potamida, Crete Island (Agiadi et al. 2017). 
Scale bars: 500 μm for a–e and h–i, 1 mm for f, 200 μm for g
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2017c), and in the Oligocene and Miocene of central Paratethys (Brzobohatý 1995). 
The only record of this species in Greece is from the Tortonian–Messinian of Crete 
(Agiadi et al. 2017). Coelorinchus spp. are common in the deepwater Mediterranean 
record, and a thorough review was provided by Nolf and Girone (2000). In Greece, 
specimens unidentifiable to the species level have only been reported from the 
Middle Pleistocene of Rhodes (Agiadi et al. 2018). The modern species Trachyrincus 
scabrus was identified in the Tortonian–Messinian of Crete (Agiadi et al. 2017), as 
well as in the Tortonian, the Piacenzian, and the Pleistocene of Italy (Girone et al. 
2006; Girone 2007; Lin et al. 2015).

Remarks Macrourid otoliths are usually large and have a rather irregular shape, 
where the anterior side is higher. The sulcus is central, extending posterodorsally, 
and divided.

Moridae Moreau, 1881

Type Genus Mora Risso, 1827.

Included Taxa Laemonema Günther, 1862; Physiculus huloti Poll, 1953. There 
are 108 species in this family today (Froese and Pauly 2019).

Distribution Specimens attributed to Laemonema, but unidentifiable to the species 
level, have been found in the Zanclean of Crete (Agiadi et al. 2013a) and the Early- 
Middle Pleistocene of Kephallonia (Agiadi et al. 2010) and Rhodes (Agiadi et al. 
2018). Outside Greece, Laemonema species have been reported from the Messinian, 
the Piacenzian, and the Pleistocene of Italy (Girone et al. 2006; Girone 2007; Girone 
et  al. 2010). Physiculus aff. P. huloti was found in the Messinian of Zakynthos 
(Karakitsios et  al. 2017), in the Tortonian, Messinian and Zanclean of Italy 
(Steurbaut 1979; Nolf and Steurbaut 1983; Nolf and Girone 2006; Girone et  al. 
2010), in the Pliocene of Spain (Nolf and Martinell 1980), in the Chattian–Langhian 
of France (Nolf and Brzobohatý 2002), and in the middle Miocene of Czech 
Republic (Brzobohatý et al. 2007).

Remarks The otoliths of Moridae are very different from those of other families. 
They are elongate and very thick. They do not have a rostrum. The cauda opens 
posteriorly, and there is a ridge-like, sharp caudal colliculum (Schwarzhans 2019).

Bregmacerotidae Gill, 1872

Type Genus Bregmaceros Thompson, 1840.

Included Taxa This family contains 14 modern species (Froese and Pauly 2019).

Bregmaceros Thompson, 1840

Type Species Bregmaceros mcclellandi Thompson, 1840.
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†Bregmaceros albyi Sauvage, 1880

Distribution †Bregmaceros albyi is a very common species in the Neogene fish 
skeletal record across the Mediterranean and one of the few fossil species that has 
been also found as skeletons with otoliths in situ. The otoliths of this species are also 
rather common, often forming monospecific or oligospecific assemblages in the 
Miocene. Otoliths of †Bregmaceros albyi have been found in the Messinian–
Piacenzian of Crete (Marcopoulou-Diacantoni and Kagiouzis 2001; Agiadi et  al. 
2013a; Moissette et al. 2018) and the Zanclean of Peloponnese (Agiadi et al. 2020). 
Otoliths of Bregmaceros, unidentifiable to the species level, have also been found in 
the Tortonian of Crete (Moissette et  al. 2018), in the Gelasian–Calabrian of 
Zakynthos (Agiadi et al. 2010), and in the Upper Pleistocene of Rhodes (Cornée 
et al. 2019).

Remarks The otoliths of Bregmacerotidae are star-like in shape and very thin with 
a central and divided sulcus (Fig. 11).

Gadidae Rafinesque, 1810

Type Genus Gadus Linnaeus, 1758.

Included Taxa Gadiculus argenteus Guichenot, 1850; †Paratrisopterus labiatus 
(Schubert, 1905); Gadiculus thori Schmidt, 1913; Micromesistius poutassou (Risso, 
1827); Gaidropsarus Rafinesque, 1810; Phycis blennoides (Brünnich, 1768). 
Gadidae contain 23 modern species (Froese and Pauly, 2019).

Fig. 11 Scanning electron 
microscopic image of a 
typical otolith of 
Bregmaceros albyi, from 
the Messinian of 
Faneromeni, Crete Island 
(Moissette et al. 2018). 
Scale bar equals 200 μm
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Distribution Gadiculus argenteus is an extant species that is known from the 
Mediterranean area already from the middle Miocene (Steurbaut 1979; Nolf and 
Brzobohatý 2002; Girone et al. 2006, 2010). In Greece, Gadiculus argenteus has 
been reported from the Messinian of Zakynthos (Karakitsios et al. 2017) and the 
Gelasian–Upper Pleistocene of Kephallonia, Zakynthos (Agiadi et al. 2010, 2011), 
and Rhodes (Agiadi et al. 2018). † Paratrisopterus labiatus was a very common 
species in the Pliocene Mediterranean. Outside Greece, it is known from the 
Messinian–Gelasian of Italy, the Pliocene of South France, the Zanclean of Spain, 
and already from the middle Miocene of the Paratethys, the North Sea Basin, and 
the Portuguese coast (Nolf and Martinell 1980; Nolf and Cappetta 1988; Nolf and 
Cavallo 1995; Nolf et al. 1998; Nolf and Girone 2006; Girone et al. 2006; Girone 
2007; Girone et  al. 2010; Schwarzhans et  al. 2017). However, its eastern 
Mediterranean distribution was more expanded, with known records in the 
Tortonian–Piacenzian of Crete (Gaudant 2001; Agiadi et al. 2013a; Moissette et al. 
2018), the Messinian and the Gelasian of Zakynthos (Agiadi et  al. 2010, 2011; 
Karakitsios et al. 2017), the Gelasian of Kephallonia (Agiadi et al. 2010, 2011), and 
the Gelasian–Calabrian of Rhodes (Agiadi et al. 2018). Gadiculus thori is an extant 
species inhabiting the North Atlantic today, which has only been found only in the 
Upper Pleistocene of Rhodes (Agiadi et  al. 2018) and in the Gelasian–Middle 
Pleistocene Italy (Girone et al. 2006). The extant species Micromesistius poutassou 
is found today in the Mediterranean and has been reported as a fossil from the 
Zanclean–Middle Pleistocene of Italy (Girone et al. 2006). Its otoliths were found 
in the Gelasian–Upper Pleistocene of Rhodes (Agiadi et  al. 2018). Specimens 
attributed to Gaidropsarus have been reported from the Gelasian–Calabrian of 
Rhodes and Kephallonia (Agiadi et al. 2010, 2011, 2018). Gaidropsarus otoliths 
have also been found in the Pleistocene of Italy (Girone et al. 2006). Finally, Phycis 
blennoides has been reported from the Gelasian and the Upper Pleistocene of 
Rhodes (Agiadi et al. 2018). Previously, it was reported from the Tortonian, and the 
Pliocene–Pleistocene of Italy (Nolf and Steurbaut 1983; Girone 2003; Girone et al. 
2006; Girone 2007), and already from the middle Miocene of the Paratethys 
(Brzobohatý et al. 2007).

Remarks The otoliths of Gadidae are rectangular-to-irregular in shape, some more 
elongated than others, with a central, wide, and divided sulcus (Fig. 12).

Carapidae Poey, 1867

Type Genus Carapus Rafinesque, 1810.

Included Taxa This family contains 36 modern species (Froese and Pauly 2019), 
of which only Carapus acus (Brünnich, 1768) and Echiodon dentatus (Cuvier, 
1829) have been found in the Greek fossil record.

Distribution Carapus acus has been reported in Greece from the Zanclean of 
Peloponnese (Agiadi et al. 2020), and the Gelasian–Calabrian of Rhodes (Agiadi 
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et al. 2018). It is also known from the Pliocene–Pleistocene of Italy (Girone et al. 
2006). Echiodon dentatus is known from the Pliocene of Crete (Agiadi et al. 2013a) 
and the Gelasian–Calabrian of Rhodes (Agiadi et al. 2018). In addition, it has been 
found in the Early–Middle Pleistocene of Italy (Nolf and Girone 2000; Girone and 
Varola 2001).

Remarks The otoliths of Carapidae are thick, oval in shape with a central, closed, 
and undivided sulcus.

Ophidiidae Rafinesque, 1810

Type Genus  Ophidion Linnaeus, 1758.

Included Taxa Hoplobrotula Gill, 1863; Monomitopus magnus Carter and Cohen, 
1985; Monomitopus metriostoma (Vaillant, 1888); Ophidion barbatum Linnaeus, 
1758. This family includes 258 modern species (Froese and Pauly 2019).

Distribution Otoliths unidentifiable to the species level that were attributed to 
Hoplobrotula as well as specimens identified as Monomitopus aff. M. magnus were 
found in the Tortonian–Messinian sediments of Crete (Agiadi et  al. 2017). 
Monomitopus metriostoma has only been reported from the Calabrian of Rhodes 
(Agiadi et al. 2018). As for Hoplobrotula, several different species assigned to this 

Fig. 12 Scanning electron microscopic images of typical otoliths of Gadidae from Greece. a 
Gadiculus argenteus, b Gadiculus thori, c Gaidropsarus sp., d Phycis blennoides, all from the 
Middle Pleistocene of Rhodes Island (Agiadi et al. 2018). Scale bars: 1 mm for a–b, 200 μm for c, 
500 μm for d
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genus have been found already from the early Oligocene, the Burdigalian, and the 
Tortonian–Zanclean of Italy (Robba 1970; Nolf and Cavallo 1995; Nolf and 
Brzobohatý 2004; Nolf and Steurbaut 2004; Nolf and Girone 2006; Girone et al. 
2010; Lin et al. 2015), as well as from the Priabonian of northern Italy and South 
France (Girone and Nolf 2009). Ophidion barbatum has been reported from the 
Zanclean of Peloponnese (Agiadi et al. 2020) and the Gelasian–Calabrian of Rhodes 
(Agiadi et  al. 2018). Elsewhere in the Mediterranean, it has been found in the 
Pleistocene of Italy (Girone and Varola 2001; Girone et al. 2006).

Remarks Detailed descriptions of Ophidiiforms’ peculiar otoliths may be found in 
Schwarzhans and Aguilera (2016). These otoliths are thick and massive with an oval 
or rectangular, elongate shape. Their sulcus is elongate, wide, and divided.

Bythitidae Gill, 1861

Type Genus Bythites Reinhardt, 1835.

Included Taxa Bellotia apoda Giglioli, 1883; Grammonus ater (Risso, 1810); 
†Grammonus bassolii (Nolf, 1980). This family includes 198 modern species 
(Froese and Pauly 2019).

Nomenclatural and Taxonomical History Grammonus ater (Risso, 1810) was 
originally assigned as Oligopus ater Risso, 1810.

Distribution Bellotia cf. B. apoda has been found in the Gelasian–Calabrian of 
Zakynthos (Agiadi et  al. 2010, 2011) and the Pleistocene of Italy (Girone et  al. 
2006). Grammonus ater is an extant species that has been reported from the 
Zanclean–Piacenzian of Crete (Agiadi et  al. 2013a; Fig.  13a) and the Gelasian–
Upper Pleistocene of Rhodes (Agiadi et al. 2018). Outside Greece, it has also been 
found in the Pleistocene of Italy (Girone and Varola 2001; Girone et  al. 2006). 
†Grammonus bassolii was found in the Tortonian–Messinian of Crete (Agiadi et al. 
2017) and the Zanclean of Peloponnese (Agiadi et al. 2020; Fig. 13b). It was also 
found in the Tortonian of Italy (Lin et al. 2015; Lin et al. 2017a).

Fig. 13 Scanning electron microscopic images of typical otoliths of Bythitidae from Greece. a 
Grammonus ater from the Zanclean of Voutes, Crete Island (Agiadi et al. 2013b), and b Grammonus 
bassolii from the Zanclean of Agia Triada, Peloponnesus (Agiadi et  al. 2020). Scale bars 
equal 500 μm
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Remarks These otoliths are oval, elongate, and thick. Their inner face is convex as 
is their outer face. The sulcus is off-centered and may or may not be divided.

Gobiidae Cuvier, 1816

Type Genus Gobius Linnaeus, 1758.

Included Taxa Aphia minuta (Risso, 1810); Callogobius Bleeker, 1874; 
Chromogobius zebratus (Kolombatovic, 1891); Deltentosteus quadrimaculatus 
(Valenciennes, 1837); †Gobius bicornutus (Lin et al., 2015); †Gobius brioche (Lin 
et  al., 2015); Gobius bucchichi Steindachner, 1870; Gobius cobitis Pallas, 1814; 
Gobius couchi Miller and El-Tawil, 1974; Gobius geniporus Valenciennes, 1837; 
Gobius niger Linnaeus, 1758; Gobius paganellus Linnaeus, 1758; Gobius vittatus 
Vinciguerra, 1883; Lesueurigobius friesii (Malm, 1874); Lesueurigobius sanzi (de 
Buen, 1918); Lesueurigobius suerii (Risso, 1810); Mesogobius Bleeker, 1874; 
Pomatoschistus marmoratus (Risso, 1810); Thorogobius Miller, 1969. Overall, this 
family today includes 1850 species (Froese and Pauly 2019).

Distribution Gobiidae is the most abundant and diverse family in sediments 
deposited in continental shelfs worldwide today, but also in the Neogene (Appendix, 
Fig.  14). In Greece, the Tortonian record of Crete includes Deltentosteus aff. 
D. quadrimaculatus, Lesueurigobius aff. L. friesii, and Pomatoschistus sp. (Agiadi 
et al. 2017; Moissette et al. 2018). In the Messinian, some new endemic species 
appear (Moissette et al. 2018), specifically †Gobius bicornutus and †Gobius bri-
oche from Crete, which have also been reported from the Tortonian of Italy (Lin 
et  al. 2015; Lin et  al. 2017a), as well as Mesogobius sp., which was previously 
found in the pre-evaporitic Messinian of Italy (Girone et al. 2010). Aphia minuta, 
Callogobius sp., Chromogobius zebratus, Deltentosteus quadrimaculatus, Gobius 
bucchichi, Gobius cobitis, Gobius cf. G. couchi, Gobius cf. G. geniporus, Gobius 
niger, Gobius paganellus, Lesueurigobius friesii, Lesueurigobius sanzi, 
Lesueurigobius suerii, Pomatoschistus marmoratus, and Thorogobius sp. have been 
found in the Pliocene (Agiadi et al. 2013a, 2020). The Pleistocene record includes 
Aphia minuta, Chromogobius zebratus, Deltentosteus quadrimaculatus, Gobius 
cobitis, Gobius geniporus, Gobius niger, Gobius paganellus, Gobius vittatus, 
Lesueurigobius friesii, Lesueurigobius sanzi, Lesueurigobius suerii, and 
Pomatoschistus sp. (Agiadi et al. 2018, 2019).

Remarks Gobies have very particular otoliths. They are square, rectangular, or 
rounded, and very robust. The sulcus is central or off-central, usually well divided 
and closed.

Pomacentridae Bonaparte, 1832

Type Genus Pomacentrus Lacepède, 1802.
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Included Taxa From the 405 species recorded in this family, which are all extant 
(Froese and Pauly 2019), only Chromis chromis (Linnaeus, 1758) has been found in 
Greece as a fossil.

Distribution Chromis chromis has only been found in the Gelasian–Upper 
Pleistocene of Rhodes (Agiadi et al. 2018, 2019).

Remarks These otoliths are fusiform in shape with a clear rostrum, and a sulcus 
divided in a triangular ostium and a long cauda that is slightly bent toward the pos-
terior end.

Blenniidae Rafinesque, 1810

Type Genus Blennius Linnaeus, 1758.

Fig. 14 Scanning electron microscopic images of typical otoliths of Gobiidae from Greece. a 
Deltentosteus quadrimaculatus, b Gobius paganellus, c Aphia minuta, d Lesueurigobius friesii, e 
Pomatoschistus marmoratus. a and c are from the Middle Pleistocene of Rhodes Island (Agiadi 
et al. 2018), b is from the Gelasian of Rhodes Island (Agiadi et al. 2019), d is from the Zanclean 
of Voutes, Crete Island (Agiadi et  al. 2013b), and e is from the Zanclean of Agia Triada, 
Peloponnesus (Agiadi et al. 2020). Scale bars equal 500 μm for a, b, and d, and 200 μm for c and e
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Included Taxa This family has 401 modern species (Froese and Pauly 2019). Only 
Blennius ocellaris Linnaeus, 1758 has been reported in Greece as a fossil.

Distribution Blennius ocellaris has been reported from the Tortonian–Messinian 
of Crete (Agiadi et  al. 2017), the Zanclean of Peloponnese (Agiadi et  al. 2020; 
Fig. 15), the Upper Pleistocene of Rhodes (Agiadi et al. 2018), but also from the 
Early–Middle Pleistocene of Italy (Girone and Varola 2001; Girone et al. 2006).

Remarks Blenniid otoliths are somewhat triangular in shape with the larger being 
the ventral side and a clear sulcus and excissura.

Atherinidae Risso, 1827

Type Genus  Atherina Linnaeus, 1758.

Included Taxa Only Atherina boyeri Risso, 1810 has been found as a fossil in 
Greece among the 71 modern species (Froese and Pauly 2019).

Distribution This extant species is known from the Zanclean of Crete (Agiadi 
et al. 2013a, Fig. 16) and the Gelasian–Upper Pleistocene of Rhodes (Agiadi et al. 
2018). It has also been reported from the Messinian as well as the Pleistocene of 
Italy (Gaudant 2002; Girone et al. 2006, 2010).

Remarks The otoliths of Atherinidae are oval in shape with a clear small, round 
ostium, opening on the anterior side, and a long but thin cauda.

Carangidae Rafinesque, 1815

Type Genus  Caranx Lacepède, 1801.

Included Taxa Among the 146 modern species (Froese and Pauly 2019) known in 
this family, only Trachurus mediterraneus (Steindachner, 1868) and Trachurus tra-
churus (Linnaeus, 1758) have been found in the fossil record of Greece.

Fig. 15 Scanning electron 
microscopic image of a 
typical otolith of Blennius 
ocellaris, from the 
Zanclean of Agia Triada, 
Peloponnesus (Agiadi et al. 
2020). Scale bar equals 
100 μm
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Distribution Trachurus mediterraneus and T. trachurus have both been reported 
from the Gelasian of Rhodes (Agiadi et  al. 2019). Trachurus trachurus is also 
known from the Messinian of Italy (Gaudant 2002; Girone et al. 2010). Both species 
are known from the Pleistocene of Italy (Girone 2005; Girone et al. 2006).

Remarks These otoliths are rectangular elongated with a long protruding rostrum. 
The ventral side is almost flat. The sulcus is long and wide and opens with a trian-
gular ostium.

Citharidae Günther, 1864

Type Genus  Citharus Artedi, 1793.

Included Taxa There are six modern species in this family (Froese and Pauly 
2019), but only Citharus linguatula (Linnaeus, 1758) has been found in Greece as 
a fossil.

Distribution In Greece, this species is known only from the Zanclean of Crete 
(Agiadi et al. 2013a). However, it has also been reported from the Tortonian and the 
Zanclean of Italy (Lin et  al. 2015; Nolf and Girone 2006), and the middle–late 
Miocene of South France (Nolf and Brzobohatý 2002) and the Paratethys (Nolf and 
Brzobohatý 2009).

Remarks These otoliths are oval or fusiform in shape. The sulcus is open and 
divided.

Scophthalmidae Chabanaud, 1933

Type Genus  Scophthalmus Rafinesque, 1810.

Fig. 16 Scanning electron 
microscopic image of a 
typical otolith of Atherina 
boyeri, from the Zanclean 
of Voutes, Crete Island 
(Agiadi et al. 2013b). Scale 
bar equals 500 μm
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Included Taxa This family contains nine modern species (Froese and Pauly 2019).

Scophthalmus Rafinesque, 1810

Type Species  Scophthalmus rhombus (Linnaeus, 1758).

Scophthalmus rhombus (Linnaeus, 1758)

Distribution The only known record of this species as a fossil is from the Zanclean 
of Peloponnese (Agiadi et al. 2020, Fig. 17).

Remarks These otoliths are round approximately with a rather irregular rim and 
an open, divided, and shallow sulcus.

Bothidae Smitt, 1892

Type Genus  Bothus Rafinesque, 1810.

Included Taxa This family includes 164 modern species (Froese and Pauly 2019). 
Only †Arnoglossus kokeni (Bassoli, 1906) and Arnoglossus laterna (Walbaum, 
1792) have been found as fossils in Greece.

Distribution †Arnoglossus kokeni is an extinct Mediterranean species that has 
been reported from the Zanclean of Crete (Agiadi et  al. 2013a, Fig.  18a) and 
Peloponnese (Agiadi et al. 2020), as well as from the Gelasian–Calabrian of Rhodes 
(Agiadi et  al. 2018). It has also been found in the Tortonian–Zanclean and the 
Early–Middle Pleistocene of Italy (Nolf and Cavallo 1995; Schwarzhans 1999; 
Girone 2000; Nolf and Girone 2000; Girone and Varola 2001; Nolf and Girone 
2006; Girone et al. 2010; Lin et al. 2015; Lin et al. 2017a), and the Pliocene of 
South France (Nolf and Cappetta 1988) and Spain (Nolf and Martinell 1980). 
Arnoglossus laterna is known from the Zanclean of Peloponnese (Agiadi et  al. 

Fig. 17 Scanning electron 
microscopic image of a 
typical otolith of 
Scophthalmus rhombus, 
from the Zanclean of Agia 
Triada, Peloponnesus 
(Agiadi et al. 2020). Scale 
bar equals 200 μm
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2020; Fig. 18b) and the Gelasian of Rhodes (Agiadi et al. 2019). This species has 
previously been reported from the Messinian–Pleistocene of Italy (Landini and 
Varola 1983; Landini and Menesini 1986; Schwarzhans 1979; Gaudant 2002; 
Girone et al. 2010).

Remarks These otoliths are small, mostly round or oval, but sometimes more 
square, with a small, thin, open, rectangular, and divided sulcus.

Soleidae Bonaparte, 1832

Type Genus  Solea Quensel, 1806.

Included Taxa Soleidae contain 180 modern species (Froese and Pauly 2019), 
from which only Buglossidium luteum (Risso, 1810) and Microchirus variegatus 
(Donovan, 1808) are found in the Greek fossil record.

Distribution Both these species have only been reported from the Zanclean of 
Peloponnese (Agiadi et  al. 2020), and previously reported from the Zanclean of 
Italy (Nolf and Girone 2006). Moreover, Microchirus variegatus is known from the 
Tortonian of Italy as well (Lin et al. 2015; Lin et al. 2017a).

Remarks The otoliths of soleids are small and round with a small, thin sulcus.

Cynoglossidae Jordan, 1888

Type Genus  Cynoglossus Hamilton, 1822.

Included Taxa This family contains 145 modern species (Froese and Pauly 2019).

Fig. 18 Scanning electron microscopic images of typical otoliths of Bothidae from Greece. a 
Arnoglossus kokeni and b Arnoglossus laterna, both from the Zanclean of Agia Triada, 
Peloponnesus (Agiadi et al. 2020). Scale bars equal 500 μm for a and 200 μm for b
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Cynoglossus Hamilton, 1822

Type Species Cynoglossus lingua Hamilton, 1822.

†Cynoglossus obliqueventralis Schwarzhans, 1999

Type Material SMF P 9327 (holotype) Fig. 905 in Schwarzhans (1999).

Type Locality Oued Beth, NW Morocco; Lower Pliocene.

Distribution This species has been found in the Zanclean of Peloponnese (Agiadi 
et al. 2020) and Italy (Nolf and Girone 2006).

Remarks Cynoglossidae have otoliths that are irregular in shape and the sulcus 
somewhat follows the general shape of the otolith. Although the sulcus is open, the 
caudal part is much larger than the ostium part, but a clear division is not visible 
usually.

Trichiuridae Rafinesque, 1810

Type Genus  Trichiurus Linnaeus, 1758.

Included Taxa This family includes 45 modern species (Froese and Pauly 2019). 
Aphanopus carbo Lowe, 1839 and Lepidopus caudatus (Euphrasen, 1788) have 
been found as fossils in Greece.

Distribution Aphanopus carbo is an extant species that is also known from the 
Tortonian of Italy (Lin et al. 2017a). Aphanopus aff. A. carbo has been reported 
from the Gelasian–Middle Pleistocene of Zakynthos, Kephallonia (Agiadi et  al. 
2010, 2011), and Italy (Girone et al. 2006). Otoliths of Lepidopus caudatus have 
been reported from the pre-evaporitic Messinian of Zakynthos (Karakitsios et al. 
2017) and Italy (Girone et al. 2010). Lepidopus cf. L. caudatus was mentioned in 
the Tortonian of Italy (Lin et al. 2015).

Remarks Trichiuridae otoliths are elongated, clearly rounded with a long sulcus.

Trachinidae Rafinesque, 1815

Type Genus  Trachinus Linnaeus, 1758.

Included Taxa Only Trachinus draco Linnaeus, 1758 has been found as fossil in 
Greece, among the nine modern species forming this family (Froese and Pauly 2019).

Distribution In Greece, this species has only been reported from the Gelasian of 
Rhodes (Agiadi et al. 2019). Elsewhere, it is known from the Tortonian–Zanclean of 
Italy (Nolf and Girone 2006; Girone et al. 2010; Lin et al. 2015; Lin et al. 2017a).
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Remarks These otoliths are fusiform with a long but very thin sulcus opening in a 
pointy small rostrum. The excissura is visible.

Acropomatidae Gill, 1893

Type Genus  Acropoma Temminck and Schlegel, 1843.

Included Taxa Acropomatidae include 37 modern species (Froese and Pauly 2019).

Verilus Poey, 1860

Type Species Verilus sordidus Poey, 1860.

†Verilus mutinensis (Bassoli, 1906)

Nomenclatural and Taxonomical History †Parascombrops mutinensis in Bassoli 
1906 (new species); Verilus mutinensis in Schwarzhans and Prokofiev 2017 (new 
combination).

Distribution This is a very common species in the Neogene Mediterranean otolith 
record. In Greece, it has been reported from the Pliocene of Crete (Agiadi et al. 
2013a) and Peloponnese (Agiadi et al. 2020), and the Pleistocene of Rhodes (Agiadi 
et  al. 2018) and Kephallonia (Agiadi et  al. 2010, 2011). Previously, it has been 
found in the Pliocene of Italy, South France, and Spain (Anfossi and Mosna 1979; 
Schwarzhans 1979; Nolf and Martinell 1980; Anfossi et al. 1982; Nolf and Cappetta 
1988; Nolf and Cavallo 1995; Nolf et al. 1998; Nolf and Girone 2006; Girone 2007). 
In Italy, it has also been reported from the pre-evaporitic Messinian and the 
Pleistocene (Girone et al. 2006, 2010).

Remarks These otoliths are elongated oval with a wide sulcus that is clearly 
divided into a long, thick cauda and an oval ostium that opens toward the anterodor-
sal side.

Epigonidae Poey, 1861

Type Genus  Epigonus Rafinesque, 1810.

Included Taxa Epigonidae includes 45 modern species (Froese and Pauly 2019). 
Only Epigonus denticulatus Dieuzeide, 1950 has been found as a fossil in Greece.

Distribution Epigonus aff. E. denticulatus has been found in the Zanclean of Crete 
(Agiadi et al. 2013a) and in the Tortonian and Zanclean of Italy (Nolf and Girone 
2006; Lin et al. 2015).

Remarks These otoliths are oval to fusiform in shape, rather thick and robust. 
Their sulcus is open, divided into an elongated thick cauda and a large oval ostium. 
The characteristic of this family is that there is a clear break at the point where the 
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ostium is divided from the cauda, and the ostium extends further toward the ven-
tral margin.

Mullidae Rafinesque, 1815

Type Genus  Mullus Linnaeus, 1758.

Included Taxa This family includes 88 modern species (Froese and Pauly 2019). 
Only Mullus barbatus Linnaeus, 1758 and Mullus surmuletus Linnaeus, 1758 have 
been found in Greece as fossils.

Distribution Both these species have only been found in the Gelasian of Rhodes 
(Agiadi et al. 2019). Outside Greece, Mullus barbatus has been reported from the 
Pleistocene of Italy (Girone et al. 2006), whereas M. surmuletus is known from the 
early–middle Miocene of Spain (Hoedemakers and Batllori 2004).

Remarks These otoliths are irregular in shape, but the ventral rim is characteris-
tically flat. There is a clear large opening in the anterior rim, where the sul-
cus begins.

Haemulidae Gill, 1885

Type Genus Haemulon Cuvier, 1829.

Included Taxa This family includes 134 modern species (Froese and Pauly 2019). 
Only Pomadasys incisus (Bowdich, 1825) has been found so far as a fossil in Greece.

Distribution This species has been found in the Zanclean of Peloponnese (Agiadi 
et al. 2020). It has also been reported from the Tortonian and the Zanclean of Italy 
(Nolf and Girone 2006; Lin et al. 2015; Lin et al. 2017a).

Remarks These otoliths are fusiform in shape. The sulcus is open, divided into a 
long cauda that bends ventrally at the posterior end, and an oval ostium.

Cepolidae Rafinesque, 1810

Type Genus  Cepola Linnaeus, 1764.

Included Taxa This family includes 45 modern species (Froese and Pauly 2019). 
Only Cepola macrophthalma (Linnaeus, 1758) has been found in Greece as a fossil.

Distribution This species has been reported from the Zanclean of Crete (Agiadi 
et  al. 2013a, Fig. 19) and Peloponnese (Agiadi et  al. 2020), as well as from the 
Pleistocene of Rhodes (Agiadi et al. 2018, 2019). Elsewhere, it is known from the 
Tortonian of Italy (Lin et al. 2015; Lin et al. 2017a).
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Remarks The otoliths of this family are fusiform with a sulcus that is divided into 
two almost equal parts.

Sparidae Rafinesque, 1810

Type Genus  Sparus Linnaeus, 1758.

Included Taxa Boops boops (Linnaeus, 1758); Dentex dentex (Linnaeus, 1758); 
Dentex gibbosus (Rafinesque, 1810); Dentex macrophthalmus (Bloch, 1791); 
Dentex maroccanus Valenciennes, 1830; Diplodus annularis (Linnaeus, 1758); 
Oblada melanura (Linnaeus, 1758); Pagellus acarne (Risso, 1827); Pagellus boga-
raveo (Brünnich, 1768); Pagellus erythrinus (Linnaeus, 1758); Pagrus pagrus 
(Linnaeus, 1758); Spicara smaris (Linnaeus, 1758); Spicara maena (Linnaeus, 
1758). Overall, this family includes 159 modern species (Froese and Pauly 2019).

Distribution These are typical fish found in the continental shelf throughout the 
Quaternary (Fig.  20). Only Pagellus cf. P. acarne has been reported from the 
Tortonian–Messinian of Crete (Agiadi et al. 2017). The Zanclean of Greece con-
tains Boops boops, Dentex gibbosus, Dentex macrophthalmus, Dentex maroccanus, 
Diplodus annularis, Oblada melanura, Pagellus acarne, Pagellus bogaraveo, 
Pagellus erythrinus, and Spicara maena (Agiadi et  al. 2013a, 2020). In the 
Pleistocene, the record includes Boops boops, Dentex dentex, Dentex gibbosus, 
Dentex macrophthalmus, Dentex maroccanus, Diplodus cf. D. annularis, Oblada 
melanura, Pagellus bogaraveo, Pagellus erythrinus, Pagrus pagrus, and Spicara 
smaris (Agiadi et al. 2018, 2019). Dentex macrophthalmus, Dentex aff. D. maroc-
canus, and Pagellus acarne are also known from the Tortonian of Italy (Lin et al. 
2015). Dentex aff. D. macrophthalmus and Dentex aff. D. maroccanus have been 
reported from the pre-evaporitic Messinian of Italy (Girone et  al. 2010). The 
Zanclean of Italy also includes Boops boops, Dentex macrophthalmus, Dentex aff. 
D. maroccanus, Diplodus annularis, Oblada melanura, Pagellus acarne, Pagellus 
aff. P. bogaraveo, and Pagellus erythrinus (Nolf and Girone 2006), whereas only 
Dentex maroccanus, Pagellus erythrinus, and Spicara smaris are mentioned in the 
Pleistocene (Girone et al. 2006).

Fig. 19 Scanning electron 
microscopic image of a 
typical otolith of Cepola 
macrophthalma, from the 
Zanclean of Voutes, Crete 
Island (Agiadi et al. 
2013b). Scale bar equals 
500 μm

The Fossil Otolith Record of Fishes (Vertebrata: Teleostei) in Greece



172

Remarks Sparidae otoliths are fusiform with a divided sulcus into an oval or trian-
gular ostium and an elongate cauda that is bent ventrally at the posterior end.

6  Concluding Remarks

Otoliths present an invaluable tool for reconstructing Cenozoic fish faunas. 
Undoubtedly, the fossil otolith record of Greece is far from complete, and many 
areas remain untouched by researchers. First, research on the freshwater fish fau-
nas of the past has been extremely limited, and, in fact, there are no significant 
studies published yet from any locality in Greece. On the other hand, regarding 
the marine record, this so far holds no data for the earlier part of the Cenozoic, 
specifically before the Tortonian. In addition, there is a gap of knowledge regard-
ing the Piacenzian record, which may be due to lack of studies on deposits cover-
ing this stage, as well as taphonomic biases. In fact, the Piacenzian marine fish 

Fig. 20 Scanning electron microscopic images of typical otoliths of Bothidae from Greece. a 
Boops boops, b Dentex maroccanus, c Oblada melanura, and d Pagellus acarne. a, b, and d are 
from the Zanclean of Agia Triada, Peloponnesus (Agiadi et  al. 2020), whereas c is from the 
Zanclean of Voutes, Crete Island (Agiadi et al. 2013b). Scale bars equal 500 μm for a, b, and d, and 
1 mm for c

K. Agiadi



173

faunas of Crete have been studied based on skeletal remains recovered from sev-
eral localities (Gaudant et al. 1994; Gaudant 2001), which, however, did not yield 
many otoliths. Therefore, it is necessary to stress here that it is necessary to study 
both otoliths and skeletons, if we are to obtain a full picture and study the evolu-
tion of the teleost fish fauna. In addition, it is vital that we aim to recover fish 
skeletons with otoliths in situ (e.g., Gierl et al. 2013; Schwarzhans and Carnevale 
2017), because this is the only way to reconcile otolith-based with skeleton-based 
identifications of extinct species.

Moreover, bridging the Middle Pleistocene fossil record with the biological 
data on the modern marine fish fauna of the Mediterranean Sea remains problem-
atic. Indeed, with few exceptions (Cornée et  al. 2019), it is difficult to obtain 
information on the Upper Pleistocene, since such deposits are scarce on land. On 
the other hand, the archaeological record may hold material and data on the 
Holocene record (Vika and Theodoropoulou 2012), but otoliths from archaeologi-
cal excavations, although they should exist, have not been reported yet. An alter-
native approach would be to recover otoliths from surficial sea bottom sediments 
(Schwarzhans 2013; Lin et al. 2017b; Lin et al. 2018; Agiadi and Albano 2020; 
Albano et al. 2020), but this has not been attempted in Greece yet. Future works 
should focus on such approaches in order to gain a more complete record of the 
teleost fish fauna of the Greek seas.
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 Appendix

List of the Greek localities containing otolith fossils of fishes (Teleostei). Locality numbers refer 

to the collection numbers of the PaleoBiology Database (PBDB)

LocalityPBDB

Age  
(MN; GPTS in Ma) Taxon

Tsampika, Rhodes Island207572 Late Pleistocene, 
Ionian 
(0.256–0.126)

Bregmaceros sp.1,*

Kallithea beach, Rhodes Island207570 Late Pleistocene, 
Ionian (0.8–0.7)

Engraulis encrasicolus2,
Vinciguerria poweriae2,
Ceratoscopelus 
maderensis2,
Hygophum benoiti2,

Myctophum punctatum2, Aphia minuta2, Gadiculus argenteus2, Atherina boyeri2, Cepola 
macrophthalma2, Deltentosteus quadrimaculatus2, Gobius cf. paganellus2, Lesueurigobius 
suerii2
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LocalityPBDB

Age  
(MN; GPTS in Ma) Taxon

Lardos, Rhodes Island207568 Late Pleistocene, 
Ionian (0.8–0.7)

Engraulis encrasicolus2,
Clupeidae2,
Gonostoma sp.2,

Maurolicus muelleri2, Vinciguerria cf. attenuata2, Benthosema glaciale2, Ceratoscopelus 
maderensis2, Diaphus holti2, Diaphus rafinesquii2, Diaphus taaningi2, Electrona risso2, 
Hygophum benoiti2, Hygophum hygomii2, Lampanyctus crocodilus2, Lobianchia dofleini2, 
Myctophum punctatum2, Notoscopelus elongatus2, Protomyctophum arcticum2, Scopelopsis 
pliocenicus2, Aphia minuta2, Conger conger2, Gnathophis mystax2, Argentina sphyraena2, 
Polyipnus polli2, Trachurus sp.2, Coelorinchus sp.2, Spicara smaris2, Gaidropsarus sp.2, Phycis 
blennoides2, Gadiculus argenteus2, Gadiculus thori2, Micromesistius poutassou2, Grammonus 
ater2, Atherina boyeri2, Scorpaena sp.2, Dentex sp.2, Pagellus erythrinus2, Oblada melanura2, 
Cepola macrophthalma2, Chromis chromis2, Blennius ocellaris2, Cottidae indet.2, Deltentosteus 
quadrimaculatus2, Gobius niger2, Lesueurigobius friesii2, Lesueurigobius suerii2, 
Pomatoschistus sp.2

Sgourou, Rhodes Island207573 Middle Pleistocene, 
Calabrian (1.8–1.0)

Hygophum benoiti*,
Notoscopelus elongatus*

Haraki, Rhodes Island207574 Middle Pleistocene, 
Calabrian (1.8–1.0)

Notoscopelus elongatus*

Pefka, Rhodes Island207575 Middle Pleistocene, 
Calabrian (1.8–1.0)

Benthosema glaciale*,
Diaphus sp.*,
Hygophum benoiti*,
Myctophum punctatum*,
Notoscopelus elongatus*

Kallithea road, Rhodes Island207571 Middle Pleistocene, 
Gelasian–Calabrian 
(1.8–1.0)

Clupeidae indet.2,
Maurolicus muelleri2,
Benthosema glaciale2,
Benthosema 
suborbitale2,

Ceratoscopelus maderensis2, Diaphus holti2, Diaphus rafinesquii2, Diaphus taaningi2, Electrona 
risso2, Hygophum benoiti2, Hygophum hygomii2, Lampadena sp.2, Lampanyctus crocodilus2, 
Lobianchia dofleini2, Myctophum punctatum2, Notoscopelus elongatus2, Scopelopsis 
pliocenicus2, Aphia minuta2, Conger conger2, Pseudophichthys splendens2, Polyipnus polli2, 
Chlorophthalmus agassizi2, Laemonema sp.2, Trachurus sp.2, Spicara smaris2, Gaidropsarus 
sp.2, Gadiculus argenteus2, Micromesistius poutassou2, Ophidion barbatum2, Monomitopus 
metriostoma2, Grammonus ater2, Echiodon dentatus2, Dentex dentex2, Dentex gibbosus2, 
Diplodus cf. annularis2, Oblada melanura2, Pagellus bogaraveo2, Pagellus erythrinus2, Pagrus 
pagrus2, Cepola macrophthalma2, Chromis chromis2, Deltentosteus quadrimaculatus2, Gobius 
niger2, Gobius paganellus2, Lesueurigobius friesii2, Lesueurigobius sanzi2, Lesueurigobius 
suerii2, Pomatoschistus sp.2, Arnoglossus sp.2

Gerakas, Zakynthos Island207576 Middle Pleistocene, 
Gelasian–Calabrian 
(1.95–0.97)

Nansenia 
groenlandica3–4,
Maurolicus muelleri3–4,
Vinciguerria 
poweriae3–4,
Chauliodus aff. sloani3–4,
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LocalityPBDB

Age  
(MN; GPTS in Ma) Taxon

Benthosema glaciale3–4, Electrona risso3–4, Hygophum benoiti3–4, Hygophum hygomii3–4, 
Myctophum punctatum3–4, Symbolophorus aff. veranyi3–4, Ceratoscopelus maderensis3–4, 
Ceratoscopelus sp.13–4, Diaphus holti3–4, Diaphus rafinesquii3–4, Diaphus taaningi3–4, Diaphus 
sp.13–4, Diaphus sp.23–4, Lobianchia dofleini3–4, Notoscopelus elongatus3–4, Scopelopsis 
pliocenicus3–4, Bregmaceros sp.3–4, Lampanyctus crocodilus3–4, Gadiculus argenteus3–4, 
Trachurus sp.3–4, Bellotia cf. apoda3–4, Deltentosteus aff. quadrimaculatus3–4, Lesueurigobius 
sp.3–4, Aphanopus aff. carbo3–4

Akrotiri, Kephallonia Island207577 Early–Middle 
Pleistocene, 
Gelasian–Ionian 
(1.96–0.61)

Nettastomatidae3–4,
Nansenia 
groenlandica3–4,
Alepocephalus sp.3–4,
Gonostoma sp.3–4,

Maurolicus muelleri3–4, Vinciguerria cf. lucetia3–4, Vinciguerria poweriae3–4, Chlorophthalmus 
cf. agassizi3–4, Scopelarchus analis3–4, Benthosema glaciale3–4, Ceratoscopelus maderensis3–4, 
Ceratoscopelus sp.13–4, Diaphus holti3–4, Diaphus rafinesquii3–4, Diaphus taaningi3–4, Diaphus 
sp.13–4, Diaphus sp.33–4, Electrona risso3–4, Hygophum benoiti3–4, Hygophum hygomii3–4, 
Lampanyctus crocodilus3–4, Lobianchia dofleini3–4, Myctophum punctatum3–4, Notoscopelus 
elongatus3–4, Scopelopsis pliocenicus3–4, Gaidropsarus sp.3–4, Gadiculus argenteus3–4, 
Paratrisopterus labiatus3–4, Trachurus sp.3–4, Sparidae indet.3–4, Laemonema sp.3–4, Verilus 
mutinensis = Parascombrops mutinensis3–4, Deltentosteus quadrimaculatus3–4, Lesueurigobius 
sp.3–4, Aphanopus aff. carbo3–4

Cape Vagia, Rhodes Island207569 Early–Middle 
Pleistocene, 
Gelasian– 
Calabrian (2.0–1.0)

Engraulis encrasicolus2,
Sardinella maderensis2,
Maurolicus muelleri2,
Nettastomatidae indet.2,

Scopelarchus analis2, Benthosema glaciale2, Ceratoscopelus maderensis2, Diaphus holti2, 
Diaphus rafinesquii2, Diaphus taaningi2, Hygophum benoiti2, Lampanyctus crocodilus2, 
Lobianchia dofleini2, Notoscopelus elongatus2, Aphia minuta2, Pseudophichthys splendens2, 
Gaidropsarus sp.2, Gadiculus argenteus2, Paratrisopterus labiatus2, Micromesistius poutassou2, 
Ophidion barbatum2, Monomitopus metriostoma2, Grammonus ater2, Carapus acus2, Atherina 
boyeri2, Verilus mutinensis2, Dentex sp.2, Oblada melanura2, Cepola macrophthalma2, 
Deltentosteus quadrimaculatus2, Gobius cf. paganellus2, Lesueurigobius friesii2, Lesueurigobius 
suerii2, Pomatoschistus sp.2, Arnoglossus kokeni2

Lindos, Rhodes Island2075778 Early–Middle 
Pleistocene, 
Gelasian–Ionian 
(2.09–0.467)

Vinciguerria poweriae*,
Benthosema glaciale*,
Ceratoscopelus 
maderensis*,
Ceratoscopelus sp.1*,

Diaphus rafinesquii*, Diaphus taanigni*, Electrona risso*, Hygophum benoiti*, Hygophym 
hygomii*, Lampadena dea*, Lampanyctus crocodilus*, Lobianchia dofleini*, Myctophum 
punctatum*, Notoscopelus resplendens*, Notoscopelus elongatus*, Scopelopsis pliocenicus*

Kritika North, Rhodes Island207579 Early Pleistocene, 
Gelasian (2.58–1.8)

Sardina pilchardus5,
Conger conger5,
Gnathophis mystax5,
Hygophum hygomii5,
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LocalityPBDB

Age  
(MN; GPTS in Ma) Taxon

Diaphus sp.5, Ophidion barbatum5, Carapus acus5, Trachurus trachurus5, Trachurus 
mediterraneus5, Aphanius sp.5, Haemulidae indet.5, Boops boops5, Dentex macrophthalmus5, 
Spicara smaris5, Sparidae indet.5, Chromis chromis5, Cepola macrophthalma5, Trachinus draco5, 
Aphia minuta5, Deltentosteus quadrimaculatus5, Gobius paganellus5, Gobius vittatus5, Gobius 
sp.5, Lesueurigobius friesii5, Lesueurigobius sanzi5, Gobiidae indet.5, Arnoglossus laterna5

Faliraki South, Rhodes Island207580 Early Pleistocene, 
Gelasian (2.58–1.8)

Engraulis encrasicolus5,
Conger conger5,
Ceratoscopelus 
maderensis5,
Diaphus sp.5,

Ophidion barbatum5, Carapus acus5, Grammonus ater5, Trachurus mediterraneus5, Atherina 
sp.5, Phycis blennoides5, Haemulidae indet.5, Apogon sp.5, Dentex maroccanus5, Pagellus 
bogaraveo5, Spicara smaris5, Sparidae indet.5, Mullus barbatus5, Mullus surmuletus5, Chromis 
chromis5, Cepola macrophthalma5, Chromogobius zebratus5, Deltentosteus quadrimaculatus5, 
Gobius cobitis5, Gobius geniporus5, Gobius paganellus5, Gobius vittatus5, Gobius sp.5, 
Lesueurigobius friesii5, Lesueurigobius suerii5, Gobiidae indet.5

Faliraki North, Rhodes Island207581 Early Pleistocene, 
Gelasian (2.58–1.8)

Ceratoscopelus 
maderensis5,
Trachurus 
mediterraneus5,
Atherina sp.5,
Phycidae indet.5,
Spicara smaris5,
Aphia minuta5,
Gobius paganellus5,
Gobius vittatus5,
Gobius sp.5,
Lesueurigobius friesii5,
Gobiidae indet.5,

Amnissos, Heraklion, Crete207303 Late Pliocene, 
Piacenzian 
(3.6–3.0)

Notoscopelus 
resplendens*,
Bregmaceros albyi*,
Lesueurigobius suerii*

Gournes, Heraklion, Crete207359 Late Pliocene, 
Piacenzian 
(3.6–3.0)

Diaphus cavallonis*,
Notoscopelus 
resplendens*,
Bregmaceros albyi*,
Grammonus ater*,
Paratrisopterus 
labiatus*,
Verilus mutinensis*,
Callogobius sp.*,
Deltentosteus 
quadrimaculatus*,
Gobius paganellus*,
Lesueurigobius friesii*,
Lesueurigobius suerii*
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LocalityPBDB

Age  
(MN; GPTS in Ma) Taxon

Prassies, Rethymnon, Crete207582 Early Pliocene, 
Zanclean (3.8–3.6)

Ceratoscopelus 
maderensis6,*,
Bregmaceros albyi6,*

Voutes, Heraklion, Crete207357 Early Pliocene, 
Zanclean (3.8–3.6)

Maurolicus muelleri7,*,
Vinciguerria poweriae7,*,
Ceratoscopelus 
maderensis7,*,

Diaphus aff. adenomus7,*, Diaphus cavallonis7,*, Diaphus holti7,*, Diaphus rafinesquii7,*, 
Diaphus aff. splendidus7,*, Diaphus taaningi7,*, Hygophum benoiti7,*, Hygophum hygomii7,*, 
Lobianchia dofleini7,*, Myctophum fitchi7,*, Notoscopelus resplendens7,*, Scopelopsis 
pliocenicus7,*, Bregmaceros albyi7,*, Pseudophichthys escavaratierensis7,*, Pseudophichthys 
splendens7,*, Rhynchoconger pantanellii7,*, Chlorophthalmus agassizi7,*, Laemonema sp.7,*, 
Paratrisopterus labiatus7,*, Grammonus ater7,*, Echiodon dentatus7,*, Atherina boyeri7,*, Apogon 
sp.7,*, Epigonus aff. denticulatus7,*, Verilus mutinensis7,*, Oblada melanura7,*, Pagellus 
bogaraveo7,*, Pagellus erythrinus7,*, Cepola macrophthalma7,*, Aphia minuta7,*, Deltentosteus 
aff. quadrimaculatus7,*, Gobius niger7,*, Gobius cf. paganellus 7,*, Gobius sp.17,*, Lesueurigobius 
friesii7,*, Lesueurigobius sanzi7,*, Lesueurigobius suerii7,*, “Gobidarum” sp.17,*, Citharus 
linguatula7,*, Arnoglossus kokeni7,*

Agia Triada, SW Peloponnese207769 Early Pliocene, 
Zanclean (5.08–
3.81; MPL2 and 
MPL3)

Pterothrissus 
compactus8,
Conger conger8,
Gnathophis mystax8,
Spratelloides sp.8,

Ceratoscopelus maderensis8, Diaphus rafinesqui8, Diaphus splendidus8, Diaphus sp.8, Electrona 
risso8, Hygophum hygomii8, Notoscopelus resplendens8, Bregmaceros albyi8, Carapus acus8, 
Ophidion barbatum8, Grammonus bassoli8, Apogon sp.8, Aphia minuta8, Chromogobius 
zebratus8, Deltentosteus quadrimaculatus8, Gobius bucchichi8, Gobius cobitis8, Gobius cf. 
couchi8, Gobius cf. geniporus8, Gobius cf. paganellus8, Gobius? sp. 18, Gobius? sp. 28, Gobius? 
sp. 38, Gobius sp.8, Lesueurigobius friesii8, Lesueurigobius sanzi8, Lesueurigobius suerii8, 
Lesueurigobius sp.8, Pomatoschistus marmoratus8, Thorogobius sp.8, Ambassidae indet.8, 
Blennius ocellaris8, Citharidae indet.8, Scophthalmus rhombus8, Arnoglossus kokeni8, 
Arnoglossus laterna8, Arnoglossus cf. laterna8, Arnoglossus sp.8, Achirus sp.8, Buglossidium 
luteum8, Microchirus variegatus8, Cynoglossus obliqueventralis8, Verilus mutinensis8, Mullidae 
indet.8, Percidae indet.8, Pomadasys incisus8, Cepola macrophthalma8, Boops boops8, Dentex 
gibbosus8, Dentex macrophthalmus8, Dentex maroccanus8, Diplodus annularis8, Oblada 
melanura8, Pagellus acarne8, Pagellus bogaraveo8, Pagellus erythrinus8, Spicara maena8

Kalamaki, Zakynthos Island207583 Late Miocene, 
Messinian 
(6.5–5.97)

Maurolicus muelleri9,
Vinciguerria poweriae9,
Ceratoscopelus 
maderensis9,
Diaphus cavallonis9,

Diaphus cf. pedemontanus9, Diaphus rafinesquii9, Diaphus rubus9, Diaphus taaningi9, 
Myctophum coppa9, Physiculus aff. huloti9, Gadiculus argenteus9, Paratrisopterus labiatus9, 
Lepidopus caudatus9, Buglossidium sp.9
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LocalityPBDB

Age  
(MN; GPTS in Ma) Taxon

Kapariana, Heraklion, Crete207592 Late Miocene, 
Messinian 
(6.83–6.5)

Bolinichthys italicus10,*,
Ceratoscopelus 
maderensis10,*,
Diaphus acutirostrum10,*,
Diaphus rubus10,*,
Lampanyctus 
latesulcatus10,*,
Lobianchia dofleini10,*,
Myctophum coppa10,*,
Bregmaceros albyi10,*

Potamida, Chania, Crete207584–91 Late Miocene, 
Tortonian–
Messinian 
(7.51–6.66)

Pseudophichthys sp.11,
Rhynchoconger 
pantanellii11,
Benthosema 
suborbitale11,
Ceratoscopelus 
maderensis11,

Diaphus aff. acutirostrum11, Diaphus befralai11, Diaphus cavallonis11, Diaphus rafinesquii11, 
Diaphus rubus11, Diaphus aff. splendidus11, Hygophum hygomii11, Lampadena dea11, 
Lampanyctus latesulcatus11, Lobianchia dofleini11, Myctophum coppa11, Myctophum fitchi11, 
Myctophum punctatum11, Notoscopelus elongatus11, Scopelopsis pliocenicus11, Trachyrinchus 
scabrus11, Bathygadus novus11, Paratrisopterus labiatus11, Echiodon sp.11, Hoplobrotula sp.11, 
Monomitopus aff. magnus11, Grammonus bassolii11, Atherina sp.11, Scopelogadus sp.11, 
Hoplostethus sp.11, Pagellus cf. acarne11, Blennius ocellaris11, Deltentosteus aff. 
quadrimaculatus11, Lesueurigobius aff. friesii11, Pomatoschistus sp.11, Gobius brioche11, 
Mesogobius sp.11

Faneromeni, Heraklion, Crete207593 Late Miocene, 
Tortonian–
Messinian 
(7.58–6.83)

Rhynchoconger 
pantanellii10,*,
Ceratoscopelus 
maderensis10,*,
Diaphus acutirostrum10,*,
Diaphus cavallonis10,*,
Diaphus rafinesquii10,*,
Diaphus splendidus10,*,
Hygophum hygomii10,*,
Lobianchia dofleini10,*,
Myctophum fitchi10,*,
Bregmaceros sp.10,*,
Gobius bicornuta10,*,
Lesueurigobius sp.10,*

Agios Ioannis, Gavdos Island60746 Late Miocene, 
Tortonian 
(11.6–9.77)

Diaphus cavallonis12,*, 
(formerly misidentified 
as Diaphus dumerili 
(Bleeker, 1856)
Diaphus holti12,*,
Notoscopelus 
resplendens12,*
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LocalityPBDB

Age  
(MN; GPTS in Ma) Taxon

Potamos, Gavdos Island207594 Late Miocene, 
Tortonian 
(11.6–9.77)

Diaphus cavallonis12,*,
Diaphus holti12,*,
Notoscopelus 
resplendens12,*

Lapsarna, Lesvos Island186558 Early Miocene, 
Burdigalian 
(18.4–15.67)

Barbus sp.13,
Palaeoleuciscus sp.13

Nenita, Chios Island207609 Early Miocene, 
Burdigalian–
Langhian 
(20.44–13.82)

Aphanius sp.14,
Prolebias sp.14,
Barbus sp.14,
Palaeocarassius sp.14,
Phoxinellus sp.14,
Esox sp.14,
Morone sp.14

GPTS Geomagnetic Polarity Time Scale
aThis study
1Cornée et al. 2019, 2Agiadi et al. 2018, 3Agiadi et al. 2010, 4Agiadi et al. 2011, 5Agiadi et al. 2020, 
6Marcopoulou–Diacantoni and Kagiouzis 2001, 7Agiadi et  al. 2013b, 8Agiadi et  al. 2019, 
9Karakitsios et al. 2017, 10Moissette et al. 2018, 11Agiadi et al. 2017, 12Tsaparas and Marcopoulou–
Diacantoni 2005, 13Vasileiadou et al. 2017, 14Reichenbacher & Boehme 2004
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1  Introduction

Extant amphibians form an extremely diverse group that is currently represented by 
more than 8000 living species of gymnophionans or caecilians (214 species), uro-
delans or caudates (742 species of newts and salamanders), and anurans or salien-
tians (7164 species of frogs and toads) (Frost 2020). The separation of these groups 
goes back at least to the earliest Mesozoic since a stem frog, Triadobatrachus 
massinoti (Piveteau, 1936), has been found in Early Triassic rocks of Madagascar 
(Ascarrunz et al. 2016).

Europe hosts only about 30 urodelans and 40 anurans (as well as two invasive 
alien species) but not gymnophionans (Sillero et al. 2014). Of these, 8 urodelans and 
18 anurans currently inhabit Greece (Frost 2020). Even if apparently gymnophion-
ans never occurred in Greece (and the whole Europe; see Estes 1981), the Greek 
fossil record testifies for a past diversity higher than the current as shown in the 
following sections.
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2  Historical Overview

The study of Greek fossil amphibians is a rather recently developed field. The oldest 
paper dealing with this subject seems to be the one published in 1975 by Schneider, 
who studied a Pleistocene herpetofauna from the island of Chios. In the following 
years, Kotsakis dedicated a paper to the amphibians and reptiles of the Bate Cave in 
Crete (1977) and another one to the presence of Discoglossus in Crete (1982). Other 
papers by the same author (Kotsakis et al. 1979, Kotsakis 1986, 1991) included the 
Greek fossil amphibians in the broader context of vertebrate palaeobiogeography in 
the eastern Mediterranean area. Remarkable is the contribution by Sanchiz (1984), 
who provided a careful description and some figures of the anurans from three 
Greek sites. In the following decades, the fossil amphibians from Greece did not 
became the subject of papers dedicated to them, but were only cursorily mentioned 
in faunal lists, even without precise information on the referred material (Vugt et al. 
2000), or cited in a book on the Pleistocene herpetofaunas of Europe (Holman 
1998), or listed in the volume dedicated to the fossil frogs and toads of the world, 
the Handbuch der Palaoherpetologie, a work of reference published by Sanchiz in 
1998. In the last few years, a few papers have been published on the herpetofaunas, 
and therefore also on the amphibians, of several Greek localities (Georgalis et al. 
2016, 2019a, b; Vasileiadou et  al. 2017; Loréal et  al. 2020); generally thanks to 
abundant, mostly unstudied remains stored in the collections of Utrecht University 
(the Netherlands).

3  Phylogenetic Relationships

Despite some past issues related to the monophyly of the extant clades of amphibi-
ans (Cannatella 2007), their phylogenetic relationships were recently confirmed 
thanks to the genetic analysis of a broad sample of species (Pyron and Wiens 2011): 
gymnophionans have a basal position in the tree of life of extant amphibians, and 
both urodelans and anurans are derived and sister taxa. Because none of the very 
primitive (stem) amphibian taxa have been described on the basis of Greek remains, 
and none of the materials found in Greece has been analysed in a phylogenetic con-
text, the Greek fossil record does not provide significant information to the knowl-
edge of the phylogenetic relationships of the amphibians, but, conversely is quite 
interesting in terms of palaeobiogeography.

4  Distribution

The knowledge of the Greek amphibians is based on materials coming from very 
few localities whose age does not extend in the deep past beyond the early Miocene 
(see Fig. 1 and Appendix). Remarkable is the presence of several taxa of urodelans 
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in the single locality of Maramena, which, as far amphibians and reptiles are con-
cerned, is by far the most informative locality of Greece and the richest herpeto-
fauna of its age in the whole Europe (Georgalis et al. 2019b). The cryptobranchid 
remains from Maramena represent the first finding in the Balkans and significantly 
enlarge the range of this group of giant salamanders that are now extirpated in 

Fig. 1 Map of the occurrences of fossil amphibians from Greece. See Tables 1 and 2 for further 
information and text for details. Holocene: 1, Nichoria; Holocene/Pleistocene: 2, Kalamakia, 3, 
Vraona Cave; Pleistocene: 4, Pili B, 5, Liko Cave, 6, Bate Cave, 7–10, Choremi localities, 11, 
Latomi 1, 12, Sitia 1, 13, Laghada, 14, Kaiafas; 15, Mavro Mouri IV Cave, 16, Arnissa, 17–21, 
Tourkovounia localities; Pliocene: 22–27, Vorio localities, 28, Notio 1, 29, Tomea Eksi 3, 30, 
Kardia, 31, Spilia; Pliocene/Miocene: 32, Maramena; Pliocene–Miocene: 33, Rema Aslan 1, 34, 
Varkiza localities; Miocene: 35, Rema Marmara 2, 36–37, Tomea Eksi localities, 38, Komanos 
localities, 39, Monasteri, 40, Ano Metochi, 41, Pikermi 4, 42, Biodrak C, 43, Lefkon, 44, Plakias, 
45, Aliveri, 46, Karydia, 47, Lapsarna. See Appendix for more information. Image exported from 
Google Earth Pro © 2019, map data from US Dept. of State Geographer, SIO, NOAA, US Navy, 
NGA, GEBCO, image from Landsat/Copernicus. Scale bar equals 80 km. North faces upward
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Europe. Another extinct genus of urodelans found in Greece is Mioproteus; how-
ever, this identification should only be considered as tentative  (Vasileiadou et al. 
2017). The presence of Salamandrina and Ommatotriton at Maramena significantly 
extends the range of these two genera that are currently extirpated from Greece and 
the Balkans (Valakos et al. 2008; Sillero et al. 2014; Georgalis et al. 2019b; Macaluso 
et al. 2021). Newts of the genus Lissotriton have been also identified in Maramena; 
interestingly, in this latter locality, there have been described two species of this 
genus. The extant Salamandra, a common and widespread faunal element of the 
Greek current herpetofauna, has also been identified in Maramena. The most wide-
spread, abundant and common fossil frog in Greek localities is by far Latonia, being 
recorded already in early Miocene localities (Georgalis et al. 2019a), with the genus 
persisting also across the latest Miocene/earliest Pliocene boundary, as it is testified 
by its presence in Maramena and the Ptolemais area (Georgalis et al. 2019b; Loréal 
et al. 2020). The extant genera Hyla and Pelophylax are known also from Maramena, 
whereas Rana is known from the Ptolemais area, attesting the presence of these 
three, now widespread in Greece, lineages already since the late Neogene of the 
region. If confirmed, the putative presence of Discoglossus in Crete (Kotsakis 1982) 
could be particularly interesting because this genus is currently absent on the island 
(but see below for an alternative identification).

5  Systematic Paleontology

Amphibia Linnaeus, 1758
Urodela Duméril, 1806

Remarks The earliest records of urodelans in Greece are of early Miocene age (see 
Appendix, Table S1). This material originates from the localities of Lapsarna 
(Lesvos) and Karydia (Eastern Macedonia and Thrace). Among them, the Lapsarna 
record has been identified to the genus level (Mioproteus), whereas the Karydia one 
cannot be more precisely determined (Vasileiadou et  al. 2017; Georgalis et  al. 
2019a). Nevertheless, even if represented solely by an isolated tibia (Fig. 2a), the 
Karydia record reveals a wider distribution for Greek urodelans during the early 
Neogene.

Proteidae Gray, 1825
Mioproteus Estes and Darevsky, 1977

Type Species Mioproteus caucasicus Estes and Darevsky, 1977.

?Mioproteus sp.

Remarks The tentative identification of Mioproteus in the early Miocene of the 
Lesvos Petrified forest is based on eight incomplete trunk vertebrae whose elonga-
tion recalls the general shape of Mioproteus vertebrae (Vasileiadou et  al. 2017). 
However, the vertebrae from Lesvos do not preserve the robust posterior basapoph-
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yses that characterize Mioproteus, and therefore, further material is needed to sup-
port this identification. Proteids currently inhabit a small area of southern Europe 
(not in Greece) with a single species, Proteus anguinus Laurenti, 1768, that lives in 
subterranean waters (Sillero et al. 2014; Speybroeck et al. 2016). The extinct genus 
Mioproteus had a much broader range including northern Caucasus and Kazakhstan 
(in Europe: Austria, Czech Republic, France, Germany, Hungary, Moldova, Poland, 
Romania and Ukraine) and probably a different ecology as shown by other extant 
proteids (Venczel and Codrea 2019).

Cryptobranchidae Fitzinger, 1826
Cryptobranchidae indet.

Remarks One incomplete atlas (Fig. 2b; and possibly a second, fragmentary one) 
from the late Miocene/early Pliocene of Maramena has been referred to an undeter-
mined cryptobranchid because of the relatively large size and its general morphol-
ogy (Georgalis et al. 2019b). Cryptobranchid salamanders are not present anymore 
in Europe, but from the late Oligocene to the Miocene, they were present in the 
central parts of the continent (Böhme et al. 2012). Renown is the famous case of the 
1 meter long fossil from southern Germany, called Homo diluvii testis and consid-
ered to be a man witness of the Deluge, but that later turned out to be the skeleton 
of an extinct giant cryptobranchid salamander, named Andrias scheuchzeri (Holl, 
1831) (Scheuchzer 1726; Holl 1831). The finding from Maramena represents the 
sole known fossil record of this clade in the Mediterranean region and its southern-
most distribution. Whether the Maramena material pertains to the extant genus 
Andrias Tschudi, 1837, which was abundant in the Neogene of Central Europe and 
has currently modern representatives living in Eastern Asia, can only be verified by 
the discovery of more complete material.

Fig. 2 Selected fossils of Urodela from Greece. a Left tibia (AMPG KR3 037) of Urodela indet. 
From the early Miocene of Karydia, in dorsal view. b Atlas of Cryptobranchidae (UU MAA 7441) 
from the latest Miocene/earliest Pliocene of Maramena, in anterior view. Scale bar equals 2 mm
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Salamandridae Goldfuss, 1820
Salamandrina Fitzinger, 1826

Type Species Salamandra perspicillata Savi, 1821.

Salamandrina sp.

Remarks Two tiny urodelan vertebrae characterized, among others, by a sort of 
zygosphene and by a forked neural spine, testify for the presence of a spectacled 
salamander Salamandrina in the late Miocene/early Pliocene of Maramena 
(Georgalis et  al. 2019b; Fig.  3a). This genus is currently endemic of the Italian 
Peninsula (Sillero et al. 2014), but the fossil records testify for a former broader 
range extending at least from Spain to Hungary, and including also Sardinia (Italy) 
and Germany (Macaluso et al. 2021). The record from Maramena represents the 
easternmost occurrence of the genus.

Lissotriton Bell, 1839

Type Species Salamandra punctata Latreille, 1800.

Lissotriton vulgaris (Linnaeus, 1758)
Lissotriton sp. (Lissotriton vulgaris group) and Lissotriton sp.

Remarks The identification of this genus at Maramena is based on very few verte-
brae some of which could belong to the Lissotriton vulgaris group because of their 
relatively large size, the presence of small subcentral foramina, and the high neural 
spine and neural arch (Georgalis et  al. 2019b; Fig.  3b). Besides this form, in 
Maramena, there was identified also a second species of the genus that had some 
overall resemblance with the extinct Lissotriton rohrsi (Herre, 1955) from the 
Miocene of Central Europe (Herre 1955; Ivanov 2008). The newts of the Lissotriton 
vulgaris group have a broad range in Europe that includes also Greece (Valakos 
et al. 2008; Sillero et al. 2014; Speybroeck et al. 2016).

Ommatotriton Gray, 1850

Type Species Triton vittatus Gray in Jenyns, 1835.

Ommatotriton sp.

Remarks The genus Ommatotriton is represented at Maramena by vertebral and 
appendicular remains (Georgalis et  al. 2019b; Fig.  3c). The vertebrae are 
 characterized by a triangular ventral lamina, two medium-sized subcentral foram-
ina, a low and bifurcated neural arch, and a low neural spine which is slightly higher 
than the neural arch. The femur morphology resembles that of Ommatotriton, in 
terms of general shape and size, as well as the size and dimensions of the trochan-
teric crest and intertrochanteric groove and therefore tentatively referred to this 
taxon. The presence of Ommatotriton in Greece is quite relevant due to the fact that 
this newt is currently distributed in the Middle East, eastern Anatolia and the 
Caucasus (van Riemsdijk et al. 2017). At the same time, being the first reliable find 
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of Ommatotriton in the fossil record, it extends this lineage back to the latest 
Miocene/earliest Pliocene (Georgalis et al. 2019b).

Salamandra Garsault, 1764

Type Species Salamandra terrestris Bonnaterre, 1789.

Salamandra sp.

Remarks Twelve trunk and six caudal vertebrae, once again from Maramena, tes-
tify for the presence of an unknown member of the genus Salamandra (Georgalis 
et al. 2019b; Fig. 4). The referral of the material to this genus is based on the dorso-
ventrally flattened centrum, and low neural spine and neural arch. It is not possible 
to distinguish this material from both extant and fossil specimens of the recent spe-
cies Salamandra salamandra (Linnaeus, 1758), as well as from the extinct taxon 
Salamandra sansaniensis Lartet, 1851. Currently, six extant species of the genus 
Salamandra are known in Europe, Northwest Africa and Middle East (Sparreboom 
2014), and their comparative osteology is nearly totally unexplored (see Villa et al. 
2014), a fact that hinders the identification of isolated vertebra fossils at specific 
rank.

Anura Fischer, 1813
Alytidae Fitzinger, 1843
Latonia Meyer, 1843

Type Species Latonia seyfriedi Meyer, 1843.

Latonia gigantea (Lartet, 1851)
Latonia cf. gigantea and Latonia sp.

Fig. 3 Selected specimens of trunk vertebrae of salamanders from the latest Miocene/earliest 
Pliocene of Maramena, all in anterior view. a Salamandrina sp. (UU MAA 7483), b Lissotriton sp. 
(UU MAA 7517), and c Ommatotriton sp. (UU MAA 7489). Scale bars equal 1 mm

The Fossil Record of Amphibians (Amphibia: Urodela and Anura) in Greece



192

Remarks Anuran remains referred to Latonia have been described or at least listed 
for a number of Greek localities whose age ranges from the early Miocene to the 
early Pliocene (Fig.  5a–d). They have been formally described from the early 
Miocene of Aliveri (Georgalis et al. 2019a) and Karydia (Georgalis et al. 2019a), as 
well as the latest Miocene/earliest Pliocene of Maramena (Georgalis et al. 2019b) 
and the Ptolemais area (Loréal et al. 2020). Nevertheless, a number of as yet unpub-
lished reports of the presence of this genus in various Greek localities was listed by 
Sanchiz (1998): Biodrak C, Lefkon, Ano Metochi, Monasteri, Pikermi 4, Rema 
Marmara 2, Rema Aslan 1, and Spilia. A fragmentary vertebra and a partial tibio-
fibula from the earliest late Miocene (early Tortonian, MN9) of Plakias in Crete 
have been tentatively referred to alytids (as cf. Alytidae indet.; Georgalis et al. 2016) 
and could well belong to Latonia, pending the retrieval of more informative remains 
in the same locality.

The identification of fossils of this frog is relatively easy, being their morphology 
very similar to that of the only extant species, Latonia nigriventer (Mendelssohn 
and Steinitz 1943), that now lives only in a small area in Israel (Biton et al. 2013). 
Fossil specimens of extinct species of Latonia are, however, much larger in size than 
those of the extant L. nigriventer and can have a much more marked cranial orna-
mentation. The material from Maramena is particularly abundant, but because of the 
absence of dermal ornamentation on the maxillae and since the comparative diagno-
sis of the several species of Latonia is hindered by the fact that some of them are 
currently represented only by specimens preserved on slabs, whereas others solely 
by disarticulated elements, the fossil material has been referred only at genus level.

To the contrary, the remains, likewise abundant, from Karydia have been tenta-
tively referred to non-adult specimens of Latonia gigantea (as Latonia cf. gigantea) 
because the general morphology of the frontoparietal is comparable with early onto-
genetic stages of that species (Georgalis et al. 2019a; Fig. 5e). The Karydia speci-
mens remain so far the only Latonia material from Greece that can be (at least 
tentatively) referred to the species level (Georgalis et al. 2019b).

Latonia is known to have achieved a rather broad geographic distribution across 
various late Palaeogene, Neogene and early Quaternary localities of Europe and 
Anatolia (Roček 1994, 2013; Vasilyan et al. 2014; Villa et al. 2019; Syromyatnikova 
et  al. 2019a, 2019b) being its last occurrence datum in Europe from the Early 

Fig. 4 A trunk vertebra of 
Salamandra sp. (UU MAA 
7495) from the latest 
Miocene/earliest Pliocene 
of Maramena, in lateral 
view. Scale bar equals 
2 mm
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Pleistocene of Pietrafitta in central Italy (Sorbelli et al. in press). Noteworthy is that 
according to Syromyatnikova et al. (2019b), L. gigantea could be a junior synonym 
of L. seyfriedi.

Discoglossus Otth, 1837
Discoglossus sp.

Type Species Discoglossus pictus Otth, 1837.

Remarks Kotsakis (1982) reported the presence of Discoglossus in the Early 
Pleistocene of Sitia (a site located on the road from Sitia to Psilokefalo; Aghios 
Nikolaos, Crete) on the basis of an isolated right humerus characterized, among 
others, by a moderate length (about 15 mm) and a paraventral crest. The record has 
been later cited by several authors (see e.g., Holman 1998; Sanchiz 1998), but since 
Discoglossus does not belong to the extant herpetofauna of the Balkans and Crete 
(Valakos et al. 2008; Sillero et al. 2014) and since another alytid, Latonia (rather 
common in the Greek fossil record, see above), has a humeral morphology that is 
very close to that of Discoglossus, the proper identification of this material should 
be re-evaluated. Worth mentioning is that the moderate size of the humerus is not an 
argument for its taxonomic identification, because, even if some extinct species of 
Latonia were very large in size, the extant L. nigriventer is actually rather small and 
its humerus has a size comparable to that of the humerus from Crete (see Biton et al. 
2013, 2016).

Hylidae Rafinesque, 1815
Hyla Laurenti, 1768

Type Species Hyla viridis Laurenti, 1768.

Hyla sp.

Fig. 5 Selected specimens of Latonia from Greece. a–d Latonia sp. from various localities: a a 
frontoparietal fragment (UU VOR3A 1518), in dorsal view, from the early Pliocene of Vorio 3A 
(scale bar equals 1 mm); b a left maxilla (UU MAA 7227) in medial view from the latest Miocene/
earliest Pliocene of Maramena (scale bar equals 10 mm); c a right humerus (UU MAA 7225) in 
ventral view from the latest Miocene/earliest Pliocene of Maramena (scale bar equals 5 mm); and 
d a right ilium (UU VOR3 1518) in lateral view from the early Pliocene of Vorio 3 (scale bar equals 
1 mm). e A frontoparietal of Latonia cf. gigantea (AMPG KR3 038) from the early Miocene of 
Karydia, in dorsal view (scale bar equals 1 mm)

The Fossil Record of Amphibians (Amphibia: Urodela and Anura) in Greece



194

Remarks Several localities (Ano Metochi, Kaiafas, Maramena, Pikermi, Spilia), 
whose age ranges from late Miocene to Pleistocene, yielded anuran fossils that have 
been referred to tree frogs of the genus Hyla (Sanchiz 1998; Georgalis et al. 2019b; 
Villa et al. 2020). However, actually, only those from Maramena have been fully 
described and figured (Georgalis et al. 2019b), with all the rest of occurrences hav-
ing been simply listed by Sanchiz (1998) in the reference work ‘Handbuch der 
Palaoherpetologie’. The fossils from Maramena comprise an ilium (Fig. 6a) and 10 
humeri that show the typical morphology of the tree frogs. In particular, the ilium 
has a broad preacetabular zone and the humeri have a displaced distal articular sur-
face. Since it is not possible to identify at species level the numerous (> 35; Frost 
2020) extant Hyla species on the basis of their osteology, the fossil remains are 
referred only at genus level, even if it is clear that the morphology of the fossils is 
congruent with the European (and perhaps Asian) species. That is why some remains 
have been originally referred to the group named after Hyla arborea (Linnaeus, 
1758), the species that formerly included several lineages that now have their own 
specific status. Hyla arborea and Hyla orientalis Bedriaga, 1890 are now present in 
Greece (Frost 2020).

Ranidae Batsch, 1796
Pelophylax Fitzinger, 1843

Type Species Rana esculenta Linnaeus, 1758.

Pelophylax bedriagae (Camerano, 1881), Pelophylax cretensis (Beerli, Hotz, 
Tunner, Heppich and Uzzell, 1994) and Pelophylax ridibundus (Pallas, 1771)

Fig. 6 Select specimens of 
Hylidae and Ranidae from 
Greece. a A left ilium of Hyla 
sp. (UU MAA 7118) in lateral 
view from the latest Miocene/
earliest Pliocene of 
Maramena (scale bar equals 
2 mm), b a left ilium of 
Pelophylax sp. (UU MAA 
7232) in lateral view from the 
latest Miocene/earliest 
Pliocene of Maramena (scale 
bar equals 5 mm), and c a left 
humerus of Rana sp. (UU 
NO1 1003) in medial view 
from the early Pliocene of 
Notio 1 (scale bar equals 
1 mm)
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Remarks Green frogs of the genus Pelophylax have a rather uniform skeletal mor-
phology that hinders the identification at species level of their fossils. Their osteol-
ogy, with few exceptions (Böhme 1977; Böhme & Günther 1979; Bailon 1999; 
Blain et  al. 2015), is also poorly known and generally understudied. Therefore, 
some specific identification of green frogs remains coming from Greek sites (see 
Appendix, Table S2) was likely based more (or only) on geographic provenance 
than on morphology. It is the case, for example, of Pelophylax cf. cretensis from 
Sitia 1 and 2 (Crete; Sanchiz 1984, 1998; Holman 1998), as that is the only native 
green frog species of Crete (Sillero et al. 2014). Other remains were referred to both 
Pelophylax ridibundus (in most of the cases as Pelophylax cf. ridibundus) and 
Pelophylax cf. bedriagae (both currently present in Greece; Sillero et al. 2014), but 
all these remains should be re-described and their identification re-evaluated after a 
thorough study of the osteology of all extant species. Continental green frogs 
reported in Table S2 are therefore referred to Pelophylax gr. ridibundus. Remains of 
Pelophylax sp. have also been found in the diverse herpetofauna of Maramena 
(Fig. 6b).

Rana Linnaeus, 1758

Type Species Rana temporaria Linnaeus, 1758.

Rana graeca Boulenger, 1891

Remarks This species, which is currently present in Greece (Sillero et al. 2014), 
has been cited from two localities, the Holocene archaeological site of Nichoria (R. 
graeca; Sloan and Duncan 1978; Sanchiz 1998) and the Pleistocene locality of 
Kaiafas, where the material has been tentatively identified as Rana cf. graeca 
(Holman 1998; Sanchiz 1998). Since the osteology of this species is nearly unknown 
(Picariello et al. 1996) and the identifications of the fossils are not accompanied by 
descriptions and figures, these data should be considered with caution pending fur-
ther confirmation.

Rana dalmatina Fitzinger, 1838

Remarks Rauscher (1995) listed the presence of Rana dalmatina in the late 
Quaternary of Vraona Cave on the basis of two ilia and few other less diagnostic 
elements; however, he provided no figure of this material. Even if the ilium can be 
a diagnostic element for brown frogs (Bailon 1999), this specific identification 
should be confirmed by full description (and desirably a figure). The agile frog is 
currently rare but present in small areas of continental Greece (Sillero et al. 2014).

Rana sp.

Remarks Material that was recently described by Loréal et  al. (2020) from the 
early Pliocene of the area of Ptolemais represents the oldest occurrence of the genus 
Rana in the Greek area (Fig. 6c). Nevertheless, this material is not diagnostic to the 
species level, thus not affording any further insight about its precise affinities. Worth 
mentioning is that Roger & Darlas (2008) listed Rana sp. from the Late Pleistocene 
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layers of the Palaeolithic site of Kalamakia, but, in the total absence of a formal 
description and any figure, it is not clear if they referred the material (not reported 
in detail) to Rana s.s. or to Pelophylax sp.

Pelobatidae Bonaparte, 1850
Pelobates Wagler, 1830

Type Species Bufo fuscus Laurenti, 1768.

Pelobates syriacus Boettger, 1889
Pelobates cf. syriacus and Pelobates sp.

Remarks Pelobates syriacus is the only spadefoot species currently inhabiting 
Greece (Valakos et al. 2008; Sillero et al. 2014). Spadefoot fossil remains have been 
reported for eight sites whose age ranges from the late Miocene to the Late 
Pleistocene (see Appendix, Table S2), and most of them have been tentatively 
referred to this species as Pelobates cf. syriacus (see Schneider 1975; Sanchiz 1984, 
1998; Holman 1998). The descriptions and drawings of Pelobates cf. syriacus from 
Pili 2 (Kos Island) provided by Sanchiz (1984) are the only chance to check the cor-
rectness of the identification of this species based on Greek materials—we agree 
with such taxonomic arrangement, and hence, Kos remains so far the only area in 
Greece that yielded fossil remains of Pelobates with certainty.

Bufonidae Gray, 1825
Bufo Garsault, 1764

Type Species Rana bufo Linnaeus, 1758.

Bufo sp.

Remarks Fossil remains of this species have been so far reported from three Late 
Pleistocene–Holocene localities (Kalamakia, Nichoria, Vraona Cave; Sloan & 
Duncan 1978; Rauscher 1995; Sanchiz 1998). The identification of Bufo at Vraona 
Cave (based on a single tibiofibula) is not supported by a description or a figure and 
therefore should be considered with caution (Rauscher 1995). This species is cur-
rently found throughout the mainland but only on few of the main islands (Valakos 
et al. 2008).

Bufotes Rafinesque, 1815

Type Species Bufo vulgaris Laurenti, 1768.

Bufotes viridis (Laurenti, 1768)

Remarks Green toads are a speciose group of anurans (Frost 2020) whose external 
morphology is rather uniform, and the skeletal morphology, never studied in detail, 
is likely very similar if not identical. Fossil remains of this group of toads are gener-
ally very common in Mediterranean palaeontological and archaeological sites, and 
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they are usually referred to Bufotes viridis (formerly Bufo viridis), even if they do 
not necessarily belong to this species. At the moment, a proper identification of 
osteological (fossil) material should be therefore Bufotes gr. viridis (and this name 
has been applied in Table S2). Greece, which is currently inhabited by Bufotes viri-
dis only (Frost 2020), is not an exception, and green toads have been reported from 
about 10 fossil sites (see Table S2) whose age ranges from the late Miocene to the 
Holocene. The fossil material has been referred to Bufotes viridis (in some cases as 
Bufotes cf. viridis), but it is not unlikely that other cryptic species, extinct or extant, 
could be represented considering that at present at least four species of green toads 
inhabit the Mediterranean area (see Dufresnes et al. 2019) and they are not identifi-
able on the basis of their skeleton.
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 Appendix

List of the Greek localities containing amphibian fossils: urodelans in Table S1 and 
anurans in Table S2. Locality numbers refer to the collection numbers of the 
PaleoBiology Database (PBDB).

Table S1 List of the Greek localities containing urodelan fossils

LocalityPBDB No Age (MN) Taxa

Kaiafas34766 Early Pleistocene Salamandridae indet. 1

Maramena32189 Late Miocene/early Pliocene 
(MN13/14)

Cryptobranchidae indet.2

Salamandrina sp.2

Lissotriton sp. [Lissotriton vulgaris 
group]2

Lissotriton sp.2

Ommatotriton sp.2

Salamandra sp.2

Karydia69435 Early Miocene (MN4a) Urodela indet.3

Lapsarna186558 Early Miocene (?MN3) ?Mioproteus sp.4

MN Mammal Neogene zone
1Villa et al. 2020, 2Georgalis et al. 2019b, 3Georgalis et al. 2019a, 4Vasileiadou et al. 2017
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Table S2 List of the Greek localities containing anuran fossils

LocalityPBDB No Age (MN) Taxa

Nichoria207978 Holocene Rana graeca1–2

Bufo bufo1–2

Kalamakia184245 Late Pleistocene–Holocene Rana sp.3

Bufo bufo3

Vraona Cave183130 Late Pleistocene–Holocene Rana dalmatina4

Bufo bufo4

Bufotes gr. viridis4

Pili B204953 Late Quaternary (probably Late 
Pleistocene)

Pelobates syriacus2,5–6

Pelophylax cf. bedriagae2,5–6

Bufotes gr. viridis2,5–6

Liko Cave B192951 Late Pleistocene Pelophylax gr. P. ridibundus2,7

Bufo sp. or Bufotes sp.2,7

Bate Cave183122 Late Pleistocene Bufotes gr. viridis2,7–11

Choremi 1–4200078–82 Middle Pleistocene Pelophylax gr. ridibundus12

Latomi 1204077 Middle Pleistocene Pelobates sp.2,6–7,10,12–13

Pelophylax cf. 
bedriagae2,6–7,10,12–13

Bufotes gr. viridis2,6–7,10,12–13

Sitia 1202328 Early–Middle Pleistocene Discoglossus sp. (or Latonia 
sp.?) 2,7,9

Pelophylax gr. ridibundus2,7,9

Laghada B205041 Early Pleistocene Rana sp.2,5

Kaiafas34766 Early Pleistocene Hyla gr. arborea2,7,14

Rana cf. graeca2,7

Bufo sp. or Bufotes sp.2,7

Mavro Mouri IV192442 Pleistocene Bufotes gr. viridis2,7,15

Arnissa204957 Pleistocene Pelobates sp.2,7

Pelophylax gr. ridibundus2,7

Bufotes gr. viridis2,7

Tourkovounia 1, 2, 3, 4, 534589, 

34592, 34767

Late Pliocene to Middle 
Pleistocene

Pelobates cf. syriacus2,7

Pelophylax gr. ridibundus2,7

Bufotes gr. viridis2,7

Vorio 8207946 Early Pliocene (MN15) Latonia sp.16

Vorio 4207947 Early Pliocene (MN15) Latonia sp.16

Ranidae indet.16

Anura indet.16

Vorio 3A205086 Early Pliocene (MN15) Latonia sp.16

Rana sp.16

Ranidae indet.16

Anura indet.16

Vorio 3205086 Early Pliocene (MN15) Latonia sp.16

Anura indet.16

Spilia-431907 Early Pliocene (MN15) Hyla sp.2

Pelobates cf. syriacus2

Pelophylax gr. ridibundus2

Bufotes gr. viridis2

(continued)
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Table S2 (continued)

LocalityPBDB No Age (MN) Taxa

Tomea Eksi 3 (= Ptolemais 
3)205088

Early Pliocene (MN15) Latonia sp.16

Ranidae indet.16

Anura indet.16

Spilia31229 Early Pliocene (MN15) Latonia sp.2

Notio 1205081 Early Pliocene (MN15) Latonia sp.16

Rana sp.15

Ranidae indet.16

Anura indet.16

Vorio 2207948 Early Pliocene (MN14) Latonia sp.16

Ranidae indet.16

Anura indet.16

Vorio 1205087 Early Pliocene (MN14) Latonia sp.16

Ranidae indet.16

Kardia35087 Early Pliocene (MN14) Pelophylax gr. ridibundus2

Trilofon Miocene–Pliocene cf. Rana sp.2

Varkiza 1204166 and 2204167 Miocene–Pliocene Bufotes gr. viridis2

Rema Aslan 1205075 Miocene–Pliocene cf. Latonia sp.2

Maramena32189 Late Miocene/early Pliocene 
(MN13/14)

Latonia sp.17

Hyla sp.17

Pelophylax sp.17

Rema Marmara 232190 Late Miocene (MN13) Pelobates sp.2

Latonia sp.2

Tomea Eksi 2205089 Late Miocene (MN13) Latonia sp.16

Rana sp.16

Anura indet.16

Tomea Eksi 1 (= Ptolemais 
1)205090

Late Miocene (MN13) Latonia sp.6

Ranidae indet.16

Anura indet.16

Komanos 1205083–4 Late Miocene (MN13) Latonia sp.16

Monasteri31940 Late Miocene (MN13) Latonia sp.2

Pelobates cf. syriacus2

Ano Metochi31924, 31928 Late Miocene (MN13) Latonia sp.2

Hyla sp.2

Pelobates sp.2

Pelophylax gr. ridibundus2

Bufotes gr. viridis2

Pikermi 4207979 Late Miocene (MN12/13) Latonia sp.2

Hyla sp.2

Biodrak C205342 Late Miocene (MN10) Latonia sp.2

Pelophylax sp. or Rana sp.2

Lefkon31223 Late Miocene (MN10) Latonia sp.2

Pelophylax gr. P. ridibundus2

Plakias183151 Late Miocene (MN9) cf. Alytidae indet.18

Aliveri68032 Early Miocene (MN4a) cf. Latonia sp.19

Karydia69435 Early Miocene (MN4a) Latonia cf. gigantea19

MN Mammal Neogene zone
1Sloan and Duncan 1978, 2Sanchiz 1998, 3Roger and Darlas 2008, 4Rauscher 1995, 5Sanchiz 1984, 
6Kotsakis 1991, 7Holman 1998, 8Kotsakis 1977, 9Kotsakis 1982, 10Kotsakis 1991, 11Kotsakis et al. 
1979, 12Vugt et al. 2000, 13Schneider 1975, 14Villa et al. 2020, 15Caloi et al. 1988, 16Loréal et al. 
2020, 17Georgalis et al. 2019b, 18Georgalis et al. 2016, 19Georgalis et al. 2019a
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(Reptilia: Squamata) in Greece

Georgios L. Georgalis and Massimo Delfino

1  Introduction

Lizards and snakes—together comprising the clade of squamates—represent the 
most diverse clade of reptiles with more than 10,000 extant species (e.g., Uetz and 
Stylianou 2018). They are widely distributed across all tropical and temperate 
regions of the planet, having colonized even deserts and the most remote oceanic 
islands (Pianka and Vitt 2003; Wallach et al. 2014). Squamate fossils are already 
known since the Mesozoic, being diverse throughout the Cenozoic, especially dur-
ing the Palaeogene (Rage 2013). During their long evolutionary history, they have 
achieved a considerably large number of shapes, bauplans, sizes, and functional 
morphologies (Rage 2013). In Greece, the fossil record of squamates is relatively 
scarce, though important taxa have been established from the country as well as 
lineages now extirpated from Europe have been identified in the area.
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2  Historical Overview

Squamates are known from the Greek fossil record already since the second half of 
the nineteenth century. The first scientific publication dealing with fossil squamates 
(and in fact with fossil reptiles in general) from the Greek area was made by Owen 
(1857) who described the gigantic viperid snake Laophis crotaloides Owen, 1857 
from the Neogene of the Thessaloniki area. Other important discoveries subse-
quently took place in the next decades of the nineteenth century. Interestingly, all of 
them consisted of large-sized forms, i.e., varanids and pythonids (Gaudry 1862a, b, 
1862–1867; Römer 1870; Weithofer 1888). Since then, however, and despite the 
importance of these early finds, squamate fossils received only minor attention in 
palaeontological studies from Greece, with only a few published works during the 
twentieth century (Schneider 1975; Kotsakis 1977; Szyndlar and Zerova 1990; 
Szyndlar 1991a, b, 1995; Richter 1995).

The twenty-first century, on the other hand, witnesses a massive wave of descrip-
tions of squamates from many different Neogene and Quaternary localities across 
the country, including new taxa as well as novel occurrences of clades previously 
unrecognized in the area (Conrad et al. 2012; Georgalis et al. 2016a, b, c, 2017a, b, 
2018b, c, 2019a, b; Vasileiadou et al. 2017; Villa et al. 2018, 2020; Georgalis 2019; 
Loréal et al. 2020). Many of these finds were collected by the University of Utrecht 
during the last quarter of the twentieth century, being the by-product of search of 
fossil mammals. In many cases, these new occurrences expand the geographical or 
temporal distribution of several clades, or improve our knowledge on the taxonomy 
and morphology of this diverse group of reptiles.

3  Phylogenetic Relationships

The phylogenetic relationships of many squamate lineages are still at a state of flux, 
mainly due to inconsistent results arising from molecular and morphological stud-
ies, or combination of both (e.g., Vidal and Hedges 2005, 2009; Wiens et al. 2010; 
Gauthier et al. 2012; Pyron et al. 2013). As such, the traditional division of squa-
mates into three suborders (Lacertilia, Serpentes, and Amphisbaenia) (e.g., Estes 
1983) is no longer acceptable. In fact, Lacertilia is currently ubiquitously consid-
ered paraphyletic, while most plylogenetic analyses place snakes (Serpentes) some-
where within anguimorphs (i.e., relatively close to anguids and varanids) and 
amphisbaenians close to lacertids (e.g., Vidal et al. 2005, 2009; Müller et al. 2011; 
Wiens et al. 2012; Pyron et al. 2013).
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4  Distribution

Squamate fossil remains from Greece are known across most of the Neogene and 
Quaternary, spanning several localities in the mainland of the country and the 
islands. The oldest records are from the early Miocene of Thrace, Euboea, and 
Lesvos (Römer 1870; Georgalis et al. 2016b, 2019a; Vasileiadou et al. 2017). After 
that, there is a relative hiatus in the squamate fossil record, as the immediately 
younger remains are of late Miocene age. In fact, the majority of the so far described 
lizard and snake fossils from Greece are of late Miocene age, originating from 
Crete, Central and Western Macedonia, Samos, and Central Greece (Gaudry 1862a, 
b, 1862–1867; Weithofer 1888; Nopcsa 1908; Richter 1995; Szyndlar 1995; Conrad 
et al. 2012; Georgalis et al. 2016c, 2017a, 2018b, 2019b; Villa et al. 2018; Loréal 
et al. 2020). Pliocene records are relatively few, originating from Rhodes, Central 
and Western Macedonia, and Central Greece (Owen 1857; Szyndlar and Zerova 
1990; Szyndlar 1991a, b; Georgalis et al. 2016a, 2018c; Loréal et al. 2020). Finally, 
Quaternary records are also few with a so far relatively limited number of remains 
originating from Chios, Central Greece, Kos, and Crete (Schneider 1975; Kotsakis 
1977; Szyndlar 1991a, b; Georgalis et al. 2017b). All squamate lineages that are 
present in the extant herpetofauna have so far been identified in the fossil record of 
the country, with the exception of gekkotans; these occurrences are summarized in 
Fig. 1 and the Appendix.

5  Systematic Paleontology

Squamata Oppel, 1811b
Iguania Cuvier, 1817
Acrodonta Cope, 1864
Chamaeleonidae Rafinesque, 1825
Chamaeleo Laurenti, 1768

Type Species Chamaeleo parisiensium Laurenti, 1768 (junior synonym of 
Chamaeleo chamaeleon [Linnaeus, 1758]).

Chamaeleo andrusovi Čerňanský, 2010
Chamaeleo cf. andrusovi

Remarks Chamaeleonids are present in the extant herpetofauna of Greece (Valakos 
et  al. 2008); however, the single known fossil occurrence of the group from the 
country has been described from the early Miocene of Aliveri, Euboea (Georgalis 
et al. 2016b). It consists of cranial material with a complex ornamentation and well- 
spaced and complex clusters of tubercles, features which evoked strong resem-
blance with a slightly coeval taxon from Central Europe, that is, Chamaeleo 
andrusovi from the early Miocene (MN4) of Dolnice, Czech Republic, and was 
accordingly tentatively referred to the same species (Georgalis et al. 2016b).
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According to such taxonomic affinities, it is evident that the Aliveri chameleons 
represented a totally distinct lineage than the two species of Chamaeleo that cur-
rently occur in the country (Georgalis et al. 2016b). On the basis of its stratigraphic 
age and its geographic position, it was suggested that the Aliveri finds indicated that 
chameleons probably used the “Gomphotherium-Landbridge” that united Afro- 
Arabia with Eurasia during the early Miocene in order to disperse from Africa to 
Europe through the Balkan area (Georgalis et al. 2016b). It is worth noting that in 
Aliveri, there were found also chamaeleonid tooth-bearing bones, which possessed 

Fig. 1 Map of the occurrences of fossil squamates from Greece. See Appendix for further infor-
mation. 1, Pili B; 2, Gerani Cave; 3, Gerani Cave; 4, Tourkobounia localities; 5, Latomi; 6, Kaiafas; 
7, Spilia-4; 8, Vorio localities; 9, Megalo Emvolon; 10, Maritsa; 11, Maramena; 12, Tomea Eksi 
localities; 13, Komanos; 14, Ano Metochi localities; 15, Pikermi localities; 16, Mytilinii; 17, Ravin 
de la Pluie; 18, Plakias; 19, Aliveri; 20, Karydia; 21, Kymi; 22, Lapsarna. See Appendix for more 
information. Image exported from Google Earth Pro © 2019, map data from the US Department of 
State Geographer, SIO, NOAA, US Navy, NGA, GEBCO, image from Landsat/Copernicus. Scale 
bar equals 80 km, North faces upward
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a characteristic acrodont dentition—though it is probable that they also pertain to 
the same species—they bear no diagnostic feature for species level determination 
and were accordingly treated as indeterminate chamaeleonids (Georgalis 
et al. 2016b).

Agamidae Spix, 1825
Agaminae Spix, 1825

Remarks Agamines are present in the extant herpetofauna of Greece, represented 
solely by Stellagama stellio (Linnaeus, 1758), which currently achieves a rather 
disjunct distribution in continental and insular parts of the country (Valakos et al. 
2008). It is as yet unclear if this disjunct and peculiar distribution of this species in 
the extant herpetofauna of the country is indeed natural or simply the product of 
anthropogenic transportation during Antiquity (Delfino et al. 2008). Nevertheless, 
their single known occurrence in the fossil record of Greece is documented in the 
latest Miocene/earliest Pliocene (MN13/14) of Maramena (Richter 1995; Georgalis 
et al. 2019b). Agamids are characterized by an acrodont dentition on their maxillae 
and dentaries, which however becomes pleurodont in the respective anteriormost 
portions (Delfino et al. 2008). Although represented by relatively abundant cranial 
and postcranial remains, due to our current insufficient knowledge of the skeletal 
anatomy of extant agamids, the material was only identified as indeterminate 
agamines (Georgalis et al. 2019b). The purported presence of an uromastycine aga-
mid, based on non-figured appendicular material from the Pleistocene of Crete 
(Mangili 1980) has been rejected as probably instead pertaining to a large lacertid 
(Georgalis et al. 2016b).

Laterata Vidal and Hedges, 2005
Lacertiformata Vidal and Hedges, 2005
Lacertidae Oppel, 1811b

Remarks Lacertids constitute the most diverse and speciose reptile group in 
Europe (Arnold et al. 2007). The group is particularly diverse in Greece with mul-
tiple species distributed in both mainland and the islands including a large number 
of endemic taxa (Arnold et al. 2007; Bellati et al. 2014). Lacertids are characterized 
by heterodont and pleurodont dentition composed of mono-, bi- and tricuspid teeth 
(Augé 2005; Černanský and Syromyatnikova 2019; Villa and Delfino 2019). Their 
fossil record in Greece is also relatively abundant, at least by fossil squamate stan-
dards; indeed, lacertids are already known since the early Miocene across different 
parts of the country, such as Aliveri (Euboea), Karydia (Thrace), and Lapsarna 
(Lesvos) (Vasileiadou et al. 2017; Georgalis et al. 2019a). They are also found in 
several late Miocene and Pliocene localities across Greece (Georgalis et al. 2019b; 
Georgalis 2019). Their post-Neogene record though is relatively scarce with 
Pleistocene occurrences known from the island of Chios (Schneider 1975), Kaiafas 
in western Peloponnese (at least two morphotypes; Villa et al. 2020), and possibly 
also from Crete (Mangili 1980). Nevertheless and despite this abundance of remains 
and the many distinct genera currently inhabiting the area, all such Greek fossil 
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remains represent indeterminate lacertids and cannot be identified beyond the fam-
ily level. The only potential informative occurrence is a single dentary fragment 
from the latest Miocene/earliest Pliocene of Maramena, whose characteristic sym-
metrical tricuspid tooth morphology is kind of reminiscent of the Central European 
genus Miolacerta Roček, 1984 (Georgalis et al. 2019b). However, still, in that case, 
the material is too limited in order to decipher such generic placement with confi-
dence (Fig. 2).

Podarcis Wagler, 1830

Type Species Seps muralis Laurenti, 1768.

Podarcis erhardii (Bedriaga, 1882)
Podarcis cf. erhardii

Remarks This record was based on material from the Late Pleistocene cave of 
Bate, Crete, identified as such by Kotsakis (1977). However, the anatomy of most 
extant small lacertid species of the Mediterranean is not adequately known (e.g., 
Villa et al. 2017; however, see Villa and Delfino 2019) and therefore, this identifica-
tion likely based more on biogeography than on anatomical features, and should be 
confirmed by further fossil material and a better knowledge of the osteology of 
Cretan Podarcis spp.

Fig. 2 a Chamaeleo cf. andrusovi from Aliveri, UU AL 3501, skull roofing bone in dorsal view, 
b Agaminae indet. from Maramena, UU MAA 7041, right dentary in lateral view, c Lacertidae 
indet. from Maramena, UU MAA 7050, right dentary in medial view, d Lacertidae indet. from 
Notio 1, UU NO1 1037, left dentary in lateral view, e Amphisbaenia indet. from Plakias, UU PL 
733, presacral vertebra in ventral view, f Amphisbaenia indet. from Spilia-4, UU SP4 501, presa-
cral vertebra in ventral view, g aff. Palaeocordylus sp. from Maramena, UU MAA 7047, right 
maxilla in medial view, Scales equal 1 mm
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Amphisbaenia Gray, 1844

Remarks Amphisbaenians are legless squamates that were for long time consid-
ered a distinct suborder within Squamata, besides lizards and snakes (e.g., Estes 
1983). However, recent advances in molecular phylogenies, coupled with advances 
in morphology and the fossil record, denote that they are lizards more closely related 
to lacertids (Müller et al. 2011; Čerňanský et al. 2015). Amphisbaenians have a rela-
tively rich fossil record in Europe, achieving also a high diversity during their 
Cenozoic past (Augé 2012; Folie et al. 2013; Čerňanský et al. 2015), however, their 
extant representatives in the continent are members of a single genus, Blanus 
Wagler, 1830, confined in the two margins of the Mediterranean Sea (Sindaco et al. 
2014). In Greece, amphisbaenians are represented solely by the species Blanus 
strauchi (Bedriaga 1884), distributed in few islands in southeastern Aegean Sea, 
very close to the adjacent Anatolian coast (Valakos et al. 2008; Sindaco et al. 2014). 
Their Greek fossil record is scarce, but nevertheless, signals a much broader geo-
graphic distribution, as amphisbaenian remains are known from the late Miocene 
(MN9) of Plakias, Crete (Georgalis et al. 2016c), and the early Pliocene (MN15) of 
Spilia-4, Central Macedonia (Georgalis et  al. 2018c). Especially for the latter 
record, it is of importance because it represents the youngest record of amphisbae-
nians in continental Eastern Europe (Georgalis et  al. 2018c). Their remains in 
Greece consist so far only of isolated vertebrae. Amphisbaenian vertebrae are char-
acterized by a dorsoventrally compressed centrum with a flat ventral surface and 
roughly parallel lateral margins, massive and rounded synapophyses, absence of 
zygosphene, and a dorsally weakly convex neural arch lacking a neural spine (Estes 
1983; Georgalis et al. 2018c). Although this combination of features allows referral 
of these Greek fossils to this group, amphisbaenian vertebrae are not further infor-
mative for species or even genus level identification (Estes 1983). Nevertheless, it 
seems most probable that these remains pertain to the genus Blanus, especially 
when taking into consideration that the latter genus is known from nearby Anatolia 
since the middle Miocene (Georgalis et al. 2018a).

Scinciformata Vidal and Hedges, 2005
Scincidae Oppel, 1811

Remarks Scincids are currently components of the extant herpetofauna of Greece, 
being represented by four different genera distributed in both continental and insu-
lar environments (Valakos et al. 2008). Nevertheless, their fossil record in the area 
is extremely poor, being so far represented solely by limited cranial material from 
the latest Miocene/earliest Pliocene of Maramena (that was tentatively referred to 
this clade; Georgalis et al. 2019b), the early Pliocene of the Ptolemais area (Loréal 
et al. 2020), and the Early Pleistocene of Kaiafas (Villa et al. 2020). Among these 
three occurrences, only the latter can afford a more precise taxonomic determina-
tion, allowing its attribution to Ophiomorus Duméril and Bibron, 1839; this was the 
first time that this genus was identified in the fossil record globally (Villa et  al. 
2020). The Greek scincids are characterized by pleurodont teeth bearing two paral-
lel cusps and absent or light lingual striae (Villa and Delfino 2019).
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Cordyliformes Fitzinger, 1826
Cordylidae Fitzinger, 1826
Palaeocordylus Roček, 1984

Type Species Palaeocordylus bohemicus Roček, 1984.

aff. Palaeocordylus sp.

Remarks Cordylids are currently distributed solely in sub-Saharan Africa, how-
ever, their Neogene fossil record testifies a much broader geographic range encom-
passing also Central Europe (Roček 1984; Čerňanský 2012). Recently, this European 
distribution was significantly expanded by remains from northern Greece, more 
specifically the nearby localities in Central Macedonia, Ano Metochi-2 and Ano 
Metochi-3 (Georgalis et al. 2017a), and Maramena (Richter 1995; Georgalis et al. 
2019b). This Greek material was initially identified as an indeterminate “scincoid” 
(Richter 1995), later as indeterminate cordylids (Georgalis et al. 2017a), whereas 
more recently, the abundant and better preserved cranial material from Maramena 
afforded a more accurate taxonomic identification (Georgalis et al. 2019b) possess-
ing certain resemblance with the genus Palaeocordylus from the early Miocene of 
the Czech Republic (Roček 1984; Čerňanský 2012). Whether it represents a conge-
neric or distinct form from Palaeocordylus could not be verified on the basis of the 
available Greek material. Interestingly, the Maramena material comprises by far the 
youngest record of cordylids in Europe, denoting their presence in the latest 
Miocene/earliest Pliocene boundary (Georgalis et  al. 2019b). The Greek aff. 
Palaeocordylus sp. is characterized by pleurodont dentition with teeth bearing two 
parallel cusps and a prominent and dense striation on their lingual side (Georgalis 
et al. 2019b).

Anguimorpha Fürbringer, 1900
Anguidae Gray, 1825
Anguinae Gray, 1825

Remarks Anguines are represented in the extant herpetofauna of Greece by two 
genera of legless lizards, that is, Anguis and Pseudopus (Valakos et  al. 2008). 
Nevertheless, their fossil record attests a larger diversity, encompassing, besides 
these two genera, also the currently extinct in Europe, Ophisaurus. In fact, anguines 
are among the most common squamates in the Greek fossil record; besides the three 
above-mentioned genera that are discussed separately below, several other indeter-
minate occurrences based on osteoderms and caudal vertebrae are known from the 
early Miocene of Aliveri and Karydia (Georgalis et al. 2019a), the late Miocene of 
Ravin de la Pluie (Georgalis et al. 2018b), the late Miocene of Pikermi (Georgalis 
2019), the late Miocene of Ano Metochi (Georgalis et al. 2017a), the latest Miocene/
earliest Pliocene of Maramena (Georgalis et al. 2019b), the late Miocene and early 
Pliocene of the Ptolemais area (Loréal et  al. 2020), and the Late Pleistocene of 
Kalamakia Cave (Kolendrianou et al. 2020).
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Anguis Linnaeus, 1758

Type Species Anguis fragilis Linnaeus, 1758.

Remarks Anguis is represented in the extant Greek herpetofauna by three species, 
that is, Anguis cephallonica Werner, 1894, Anguis fragilis Linnaeus, 1758, and 
Anguis graeca Bedriaga, 1881 (Gvoždík et al. 2010). Its sole known fossil records 
from Greece are documented in the latest Miocene/earliest Pliocene of Maramena 
and the early Pliocene of the Ptolemais area, thus extending the presence of the 
genus in the area already by the Neogene (Georgalis et  al. 2019b; Loréal et  al. 
2020). Both these occurrences are known exclusively by vertebral material; verte-
brae of this genus are characterized by a dorsoventrally compressed centrum with 
straight and parallel lateral margins, flat ventral surface, and the absence of precon-
dylar constriction (Klembara 1981; Čerňanský et  al. 2019). Therefore, although 
assignment to the genus level is clear, no further precise referral to the species level 
could be made.

Ophisaurus Daudin, 1803b

Type Species Anguis ventralis Linnaeus, 1766.

Remarks Ophisaurus is a genus of legless lizards, currently distributed in North 
America, Asia, and northern Africa (Čerňanský et al. 2019). In Europe, the genus is 
currently extinct but has an extensive fossil record in the late Palaeogene and espe-
cially the early Neogene (Georgalis et  al. 2017a; Klembara and Rummel 2018), 
surviving in the western parts of the continent even up to the Quaternary (Blain and 
Bailon 2019). Ophisaurus is characterized by conical and slightly posteriorly curved 
teeth and a surangular spine on the dentary (Klembara et al. 2014), while its presa-
cral vertebrae can be distinguished on the basis of its dorsoventrally compressed 
and subtriangular vertebral centrum with concave lateral margins, a flat ventral sur-
face, and the absence of a precondylar constriction (Klembara 1981; Čerňanský 
et al. 2019). In the fossil record of Greece, Ophisaurus represents the most abundant 
anguine, known by both cranial and vertebral material. Its remains having been 
described from the early Miocene (MN4) of Karydia (Georgalis et al. 2019a), the 
late Miocene (MN13) of Ano Metochi (Georgalis et  al. 2017a), and the latest 
Miocene/earliest Pliocene (MN13/14) of Maramena (Georgalis et  al. 2019b). 
Notably, the Maramena material denotes the presence of as many as five different 
morphotypes of Ophisaurus in a single locality (Georgalis et al. 2019b). Whether 
these morphotypes pertain indeed to distinct species or simply represent some kind 
of unknown variation, cannot be assessed with certainty (Georgalis et al. 2019b). In 
any case, the Maramena material represents the youngest occurrence of Ophisaurus 
in Eastern Europe (Georgalis et al. 2019b) (Fig. 3).

Pseudopus Merrem, 1820

Type Species Lacerta apoda Pallas, 1775.
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Remarks Pseudopus apodus is the largest lizard occurring in the extant herpeto-
fauna of Europe (up to 1.4 m according to Valakos et al. 2008). This genus of legless 
lizards is known in the fossil record of Europe already since the late Palaeogene, 
achieving its maximum diversity during the early Neogene, when several distinct 
species are known from different parts of the continent (Klembara et  al. 2010; 
Klembara 2012; Jandzik et al. 2018; Klembara and Rummel 2018). Pseudopus is 

Fig. 3 a Anguis sp. from Notio 1, UU NO1 1026, presacral vertebra in ventral view, b Ophisaurus 
sp. from Ano Metochi, UU AM3 510, left dentary in medial view, c Pseudopus sp. from Maramena, 
UU MAA 7171, right maxilla in medial view, d Anguinae indet. from Aliveri, UU AL 3545, osteo-
derm in dorsal view, e Anguinae indet. from Ano Metochi, UU AM3 516, osteoderm in dorsal 
view, f Anguinae indet. from Maramena, UU MAA 7168, osteoderm in dorsal view, g Varanus sp. 
from Tourkobounia 5, UU TB5 1001, right maxilla in medial view, h Varanus sp. from Ravin de la 
Pluie, LGPUT RPl 297, presacral vertebra in ventral view, i Varanus sp. from Maramena, UU 
MAA 7198, caudal vertebra in ventral view, j holotype of Varanus marathonensis from Pikermi, 
IPUW 1888–001-001. All scale bars equal 1  mm, exc. h which equals 5  mm and j which 
equals 10 mm
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characterized by robust, bulbous, cylindrical, and striated sub-pleurodont teeth on 
its maxillae and dentaries (Klembara et al. 2014), while its presacral vertebrae can 
be distinguished by the dorsoventrally compressed and triangular vertebral cen-
trum, straight lateral margins, a convex ventral surface, and the absence of precon-
dylar constriction (Čerňanský et  al. 2019). In Greece, the genus is known so far 
exclusively from cranial and vertebral material from the latest Miocene/earliest 
Pliocene of Maramena (Georgalis et al. 2019b) plus remains tooth-bearing, verte-
bral, and osteoderm material from the Early Pleistocene of Kaiafas (Villa et  al. 
2020). The Maramena material bears resemblance in certain features with the 
Neogene–Quaternary Pseudopus pannonicus (Kormos, 1911), the largest known 
anguine (Georgalis et al. 2019b). Osteoderm material from the Pleistocene Cave of 
Kalamakia in Peloponnese was referred to Pseudopus apodus by Kolendrianou 
et al. (2020); however, this material does not bear diagnostic features for such spe-
cies or even genus level determination and should be better treated as an indetermi-
nate anguine.

Platynota Duméril and Bibron, 1835
Varanidae Gray, 1827 (sensu Estes et al. 1988)
Varanus Merrem, 1820

Type Species Lacerta varia White, 1790.

Remarks Varanids, commonly known as monitor lizards, are the largest lizards 
inhabiting the planet today (Pianka et al. 2004). Teeth of Varanus are characterized 
by the presence of plicidentine (Kearney and Rieppel 2006). Their vertebrae are 
distinguished by the presence of precondylar constriction, cotyle and condyle mark-
edly depressed dorsoventrally, cotyle facing anteroventrally, and neural arch clearly 
inclined anteriorly with a distinct anterior part (pars tectiformis) (Hoffstetter 1969; 
Bailon and Rage 1994; Delfino et al. 2013).

The earliest occurrence of Varanus in Greece is documented in the late Miocene 
(MN10) locality of Ravin de la Pluie, near Thessaloniki, Central Macedonia 
(Georgalis et al. 2018b). This material was based on isolated vertebrae and appen-
dicular elements and therefore could not be identified to the species level; neverthe-
less though, the appendicular remains from Ravin de la Pluie lead to the assumption 
that Miocene varanids from Europe possessed comparatively short and robustly 
built limbs (Georgalis et  al. 2018b). Other Neogene indeterminate remains of 
Varanus have been described from the late Miocene of Pikermi (Gaudry 1862a, b, 
1862–1867; Georgalis 2019) and the latest Miocene/earliest Pliocene of Maramena 
(Georgalis et al. 2019b). Interestingly, the isolated varanid teeth from Maramena are 
characterized by four different types of serration—this limited material is, however, 
not sufficient for assuming if these different types of serration correspond indeed to 
different species of Varanus or simply to some kind of intraspecific variation or even 
taphonomic biases (Georgalis et al. 2019b). The youngest occurrence of varanids 
from Greece is documented in the Middle Pleistocene of Tourkobounia 5, near 
Athens, based on cranial material (Georgalis et al. 2017b). This occurrence is also 
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the youngest record of varanids in the whole Europe, marking thus that monitor 
lizards survived in the continent also in the Quaternary only to become ultimately 
extinct rather recently (Georgalis et al. 2017b). In total, three species of Varanus 
have been named from Greece, but only one of them is currently considered valid 
(see the next section).

★Varanus marathonensis Weithofer, 1888
(= ★Varanus amnhophilis Conrad, Balcarcel and Mehling, 2012)

Nomenclatural and Taxonomic History Varanus marathonensis in Weithofer 
1888 (new species); Varanus marathonis in Sickenberg 1971 (incorrect subsequent 
spelling). The validity of Varanus marathonensis has never been questioned and it 
has been considered the senior synonym of Varanus atticus (by Fejervary 1918, 
Kuhn 1939, Villa et al. 2018), Varanus amnhophilis (by Villa et al. 2018), and (par-
tially) of Varanus deserticolus (by Fejervary 1918).

Type Material IPUW 1888-001-001(lectotype by the subsequent designation of 
Villa et al. 2018), left portion of a skull, including the maxilla, the premaxilla, and 
the prefrontal. An additional specimen exists in the type series (thus being a para-
lectotype), that is, a left supraorbital, which is now probably lost.

Type Locality Pikermi, Attica, Central Greece; late Miocene (MN12–13).

Distribution Besides its type locality, this species is known from the late Miocene 
of Mytilinii, Samos, Greece (type material of Varanus amnhophilis Conrad et al. 
2012, and referred material of Villa et al. 2018). Outside Greece, it has also been 
reported from the middle Miocene (MN7/8), Abocador de Can Mata, Catalonia, 
Spain (referred material of Villa et al. 2018), and the late Miocene (MN10) of Cerro 
de los Batallones, Madrid, Spain (referred material of Villa et al. 2018). This species 
could be also potentially present in the early Pliocene (MN15) of Csarnóta 1and the 
late Pliocene (MN16) of Beremend 1, both in Southern Transdanubia, Hungary. 
These potential occurrences are based on the referred material of Fejérváry 1918, 
but the conspecificity of both records with V. marathonensis has been recently 
rejected by Villa et al. (2018).

Remarks The first fossil lizard species named from Greece, Varanus marathonen-
sis, was established by Weithofer (1888) on the basis of cranial material from the 
classical locality of Pikermi, near Athens. After more than one century, the species 
remains still a pivotal taxon for our understanding of the evolution and palaeodiver-
sity of monitor lizards. Varanus marathonensis was recently redescribed in much 
detail by Villa et  al. (2018) who also expanded its geographic and stratigraphic 
distribution by referring to the same species material from the middle and late 
Miocene of Spain and the late Miocene of the type locality, Pikermi, as well as 
Samos. The same authors also synonymized with V. marathonensis the species 
Varanus amnhophilis from the late Miocene of Samos (Villa et al. 2018). The latter 
taxon was established by Conrad et al. (2012) on the basis of remains of skull, brain-
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case, mandible, clavicle, and few vertebrae from the Mytillinii Formation in Samos. 
Conrad et al. (2012) considered that V. amnhophilis was distinct enough from other 
varanids and so they erected a new monotypic genus to accommodate it Varaneades. 
On the other hand, Villa et al. (2018), on the basis also of new material from Samos, 
suggested that V. amnhophilis fell within the variability range of the widespread 
V. marathonensis and as such they synonymized both.

Serpentes Linnaeus, 1758
Scolecophidia Duméril and Bibron, 1844

Remarks Scolecophidians, commonly known as worm snakes or blind snakes, are 
the tiniest among snakes. Their vertebrae are characterized by a rather small size, 
absence of neural spine, absence of hypapophysis and haemal keel, synapophyses 
not divided into diapophyses and parapophyses, absence of paracotylar foramina, 
and cotyle and condyle being flattened dorsoventrally (Rage 1984; Szyndlar 1991a). 
They are currently present in Greece, being represented by the typhlopid 
Xerotyphlops vermicularis (Merrem, 1820), this being also the sole extant scoleco-
phidian in Europe. Due to their extremely small vertebrae and fragile skulls, their 
fossils are rather rare (Mead 2013; Georgalis et al. 2017a). Nevertheless, scoleco-
phidians are relatively well recorded as fossils in the Greek area: their earliest 
occurrence is documented in the late Miocene (MN13) of Ano Metochi (Georgalis 
et al. 2017a). Other scolecophidian remains are also known from the latest Miocene/
earliest Pliocene (MN13/14) of Maramena (Georgalis et  al. 2019b), the early 
Pliocene (MN14) of Maritsa, Rhodes (Szyndlar 1991a), the late Pliocene (MN16) 
of Tourkobounia 1, near Athens (Szyndlar 1991a), and the Middle Pleistocene of 
Tourkobounia 2 and 5 (Szyndlar 1991a).

★Varanus atticus Nopcsa, 1908 (nomen dubium)
Besides V. marathonensis, another congeneric species has been established 
from the classical locality of Pikermi. This is Varanus atticus Nopcsa, 1908, 
based on a single large vertebra (MNHN.F.PIK 3715; holotype) that was orig-
inally described several decades earlier by Gaudry (1862a, b, 1862–1867). 
This specimen is of historical importance as it represents the first description 
of fossils pertaining to monitor lizards in Europe, and the second in the world 
(see Georgalis 2019). In any case, vertebrae of varanids do not possess enough 
diagnostic features for species level identification (Georgalis et  al. 2018b; 
Villa et  al. 2018); thus, Varanus atticus is most probably conspecific of 
V. marathonensis (see Villa et al. 2018, for example), but on the current total 
absence of articulated cranial and vertebral material from Pikermi that could 
eventually confirm or dispute such synonymy, it is best considered as a nomen 
dubium, with the material pertaining to an indeterminate species of Varanus 
(Georgalis 2019).

The Fossil Record of Lizards and Snakes (Reptilia: Squamata) in Greece



218

Alethinophidia Nopcsa, 1923
Constrictores Oppel, 1811a (sensu Georgalis and Smith 2020)
Pythonoidea Fitzinger, 1826 (sensu Wallach et al. 2014)
Pythonidae Fitzinger, 1826
Python Daudin, 1803a

Type Species Coluber molurus Linnaeus, 1758.

★Python euboicus Römer, 1870

Nomenclatural and Taxonomic History Python euboicus in Römer 1870 (new 
species); Heteropython euboicus in Rochebrune 1880 (new genus and new combi-
nation); Python euboeicus in  Hoernes 1884 (incorrect subsequent spelling); 
Heteropython enboicus in Palacký 1898 (incorrect subsequent spelling). Taking into 
consideration that the holotype of P. euboicus is lost, Rage (1984) considered that 
the large taxon from Euboea should better be considered to be a nomen dubium, an 
opinion shared also later by others (Szyndlar 1991a; Szyndlar and Rage 2003; 
Wallach et al. 2014).

Type Material University of Wrocław, Poland (holotype), an articulated skeleton 
with portions of mandible, currently lost.

Type Locality Kymi, Euboea Island, Central Greece; MN3/4, Burdigalian, early 
Miocene.

Distribution Known only from the type locality.

Remarks Already since its original description, the holotype and only known 
specimen of Python euboicus was considered as one of the most beautifully pre-
served snake fossils (Römer 1870). Indeed, based on an articulated portion of the 
vertebral column, including several vertebrae and ribs along with a portion of the 
mandible, Python euboicus was astonishingly preserved. Rochebrune (1880) 
erected the monotypic genus Heteropython in order to accommodate this species, as 
he felt that it was distinct enough from Python. Taking into consideration that the 
holotype of P. euboicus is lost, Rage (1984) considered that the large taxon from 
Euboea should better be considered to be a nomen dubium, an opinion shared also 
later by others (Szyndlar 1991a; Szyndlar and Rage 2003; Wallach et al. 2014). Our 
recent investigation at the collections of the University of Wrocław found no trace 
of this specimen (GLG). Therefore, unfortunately, what only remains of this enig-
matic species is the original lithograph and the description in Römer’s (1870) paper. 
Nevertheless, even from only the lithograph it is clear that the holotype bears the 
typical characteristic of the genus Python such as the large vertebral size, the wider 
than long centrum, and the shallow interzygapophyseal constriction (Szyndlar and 
Rage 2003). Vertebrae that approach the morphology of P. euboicus have been 
recently described from the middle Miocene of Anatolia (Georgalis et al. 2020).
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Booidea Gray, 1825 (sensu Pyron et al. 2014)
Erycidae Bonaparte, 1831 (sensu Pyron et al. 2014)

Remarks Besides, the Pliocene and Quaternary remains that can be confidently 
assigned to the genus Eryx (see the next section), Georgalis (2019) described a tiny 
trunk vertebra from the late Miocene of Pikermi, Attica, which he tentatively 
referred to erycids. Nevertheless, unlike most other snakes, the most definite diag-
nostic part in the erycid skeleton lies in the caudal vertebrae, which are character-
ized by the presence of distinctive and complex processes (Hoffstetter and Rage 
1972; Rage 1984; Szyndlar 1991a). As such, on the absence of any caudal vertebrae 
from Pikermi, no certainty about the erycid affinities of this specimen can be pro-
vided. Nevertheless, if indeed an erycid, the Pikermi vertebra would represent the 
oldest record of that lineage not only from Greece but also from the whole Eastern 
Mediterranean (Georgalis 2019).

Eryx Daudin, 1803b

Type Species Boa turcica Olivier, 1801, junior synonym of Eryx jaculus 
(Linnaeus, 1758).

Eryx jaculus (Linnaeus, 1758)

Remarks Commonly called the Sand Boa, Eryx jaculus occurs also today in the 
extant herpetofauna of Greece (Valakos et al. 2008). The species is also known in 
Quaternary deposits from two Aegean islands, that is, Latomi, Chios (Schneider 
1975), and Pili B, Kos (Szyndlar 1991a).

cf. Eryx sp.

Remarks An early Pliocene record from Maritsa, Rhodes was described and 
referred to cf. Eryx by Szyndlar (1991a). It is probable that this material represents 
Eryx jaculus or some closely related form—if so, it would extend the fossil record 
of this species back to the Neogene.

Caenophidia Hoffstetter, 1939
Colubroidea Oppel, 1811b (sensu Zaher et al. 2009)
Colubridae Oppel, 1811b

Remarks The division of colubrids into “colubrines” and natricines on the basis of 
their absence or presence respectively of hypapophyses throughout the vertebral 
column is somewhat arbitrary and certainly does not reflect modern approaches in 
snake systematics using molecular data (e.g., Lawson et al. 2005; Vidal et al. 2007). 
Nevertheless, its prevailing usage in palaeontological studies (e.g., Rage 1984; 
Szyndlar 1991a, b, 1995, 2005, 2012), which anyway cannot afford such molecular 
data, incline us to follow this taxonomic scheme. We made nevertheless an excep-
tion for Malpolon, which is placed in psammophiids, a lineage that current molecu-
lar studies place very close to elapids instead of colubrids (e.g., Kelly et al. 2008).

The Fossil Record of Lizards and Snakes (Reptilia: Squamata) in Greece



220

Whatever their exact interrelationships may have been, colubrids are documented 
in the Greek area already since the early Miocene (MN4), known almost simultane-
ously from Aliveri, Euboea, and Karydia, Thrace (Georgalis et al. 2019a). Notably, 
the colubrids from Karydia and Aliveri are characterized by a peculiar structure that 
was termed as paracentral ridge (Georgalis et al. 2019a). It was suggested that this 
early Miocene form that was present in both Karydia and Aliveri probably repre-
sented a new taxon, however, on the basis of such fragmentary material, it is not 
further possible to assess its exact taxonomic affinities (Fig. 4).

“Colubrinae” Oppel, 1811b (sensu Szyndlar 1991a)
Dolichophis Gistel, 1868

Type Species Coluber caspius Gmelin, 1789.

Remarks Dolichophis is represented in the extant herpetofauna of Greece by two 
species, Dolichophis caspius and Dolichophis jugularis (Linnaeus, 1758). Vertebral 
material from the late Miocene (MN13) of Ano Metochi referred to cf. Dolichophis, 
tentatively suggests that this lineage existed in the area already by that time 
(Georgalis et al. 2017a).

Elaphe Fitzinger in Wagler, 1833

Type Species Elaphe parreyssii Fitzinger in Wagler, 1833 (= Elaphe sauromates 
[Pallas, 1814]).

Fig. 4 a Scolecophidia indet. from Maramena, UU MAA 7374, trunk vertebra in right lateral 
view, b Periergophis micros from Maramena, UU MAA 7615, holotype posterior trunk vertebra in 
right lateral view, c “Colubrinae” indet. from Ano Metochi, UU AM3 529, trunk vertebra in dorsal 
view, d Natrix sp. from Maramena, UU MAA 7699, trunk vertebra in ventral view, e Natrix sp. 
from Ano Metochi, UU AM2 515, trunk vertebra in right lateral view, f Naja cf. romani from Ravin 
de la Pluie, LGPUT RPl 301, trunk vertebra in left lateral view, g “Oriental viper” from Maramena, 
UU MAA 7281, fang in anterior view, h Laophis crotaloides from Megalo Emvolon, UU KB 3, 
trunk vertebra in ventral view. Scale bars equal 1 mm, exc. g which equals 5 mm and h which 
equals 10 mm
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Remarks Elaphe quatuorlineata (Lacépède, 1789) is distributed throughout most 
of continental Greece as well as numerous Aegean and Ionian islands, whereas 
E. sauromates occurs only in the northeastern portion of the country (Wallach et al. 
2014). Material from the Middle Pleistocene of Tourkobounia 2 has been referred to 
E. quatuorlineata (Szyndlar 1991a).

Hierophis Fitzinger in Bonaparte, 183

Type Species Coluber viridiflavus Lacépède, 1789.

Hierophis gemonensis (Laurenti, 1768)
Hierophis cf. gemonensis

Remarks Hierophis is present in the extant herpetofauna of Greece, being repre-
sented by the species Hierophis gemonensis distributed across much of the conti-
nental area plus several islands, and Hierophis viridiflavus confined to Gyaros 
island, probably the product of human transportation during Antiquity (Valakos 
et al. 2008). Material from the Late Pleistocene of Bate Cave, Crete has been tenta-
tively referred to Hierophis cf. gemonensis by Kotsakis (1977).

Hierophis hungaricus (Bolkay, 1913)
Hierophis cf. hungaricus

Remarks Vertebral material from the latest Miocene/earliest Pliocene (MN13/14) 
of Maramena that was originally described as an indeterminate “colubrine” by 
Szyndlar (1995) was subsequently suggested to bear resemblance with the late 
Miocene Hungarian taxon H. hungaricus (Venczel 1998; Szyndlar 2005) and it was 
recently formally reassigned to Hierophis cf. hungaricus by Georgalis et al. (2019b).

Paraxenophis Georgalis, Villa, Ivanov, Vasilyan, and Delfino, 2019b

Type Species Paraxenophis spanios Georgalis et al., 2019b.

★Paraxenophis spanios Georgalis, Villa, Ivanov, Vasilyan, and Delfino, 2019b

Type Material UU MAA 7645 (holotype), a mid-trunk vertebra; UU MAA 7536 
(paratype), a posterior trunk vertebra; UU MAA 7533 (paratype), a posterior trunk 
vertebra.

Type Locality M1 site, Maramena, Central Macedonia; MN13/14, latest Miocene/
earliest Pliocene.

Distribution Known only from the type locality.

Remarks This recently established species is based on several isolated vertebrae 
pertaining to different portions of the skeleton (Georgalis et al. 2019b). Paraxenophis 
spanios was differentiated from other snakes by a series of features, the most pecu-
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liar and characteristic of which was the presence of distinct lateral notches on either 
side of its haemal keel (Georgalis et al. 2019b). Its exact affinities with other colu-
broid taxa cannot be resolved with certainty. Paraxenophis spanios is so far known 
exclusively from its type locality, Maramena (Georgalis et al. 2019b).

Periergophis Georgalis, Villa, Ivanov, Vasilyan, and Delfino, 2019b

Type Species Periergophis micros Georgalis et al. 2019b.

★Periergophis micros Georgalis, Villa, Ivanov, Vasilyan, and Delfino, 2019b

Type Material UU MAA 7615 (holotype), a posterior trunk vertebra; UU MAA 
7551 (paratype), an anterior trunk vertebra; UU MAA 7614 (paratype), a mid-trunk 
vertebra; UU MAA 7618 (paratype), a cloacal vertebra; UU MAA 7636 (paratype), 
a caudal vertebra.

Type Locality M1 site, Maramena, Central Macedonia, Greece; MN13/14, latest 
Miocene/earliest Pliocene.

Distribution Known exclusively from M1 and M3 sites, Maramena (Georgalis 
et al. 2019b).

Remarks Periergophis micros is a tiny and rather bizarre snake that was recently 
established on abundant isolated vertebrae from two different sites within Maramena 
(Georgalis et al. 2019b). The large number of available vertebrae from Maramena 
along with the fact that they are known from practically every portion of the col-
umn, renders its intracolumnar variation as relatively well understood (Georgalis 
et al. 2019b). Periergophis micros was diagnosed on the basis of a number of char-
acters, among which a unique autapomorphy: the presence of distinct tubercles in 
the haemal keel of posterior mid- and especially posterior trunk vertebrae (haemal 
keel tubercles) and in the haemapophyses of caudal vertebrae (haemapophyseal 
tubercles) (Georgalis et al. 2019b). These bizarre structures (haemal keel tubercles 
and haemapophyseal tubercles) were newly introduced terms for accommodating 
these anatomical novelties, and they are unknown in any other snake, extinct or 
extant (Georgalis et al. 2019b). The exact phylogenetic affinities of Periergophis 
micros with other colubroid taxa remain unresolved. Taking into consideration its 
peculiar vertebral anatomy along with its age, it could be probable that P. micros 
was perhaps the product of a potential dispersal from Africa to southeastern Europe 
that was facilitated by the Messinian Salinity Crisis.

Natricinae Bonaparte, 1838

Remarks Apart from finds that are referred to the genus Natrix (see the next sec-
tion), natricines are represented in several fossil localities in Greece (Appendix), but 
many of these records cannot be assigned to the genus level. However, these records 
help establishing the temporal distribution of this clade in Greece, known probably 
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already since the early Miocene of Lapsarna, Lesvos (Vasileiadou et al. 2017) and 
continuing to the late Miocene of Plakias, Crete (Georgalis et al. 2016c), the latest 
Miocene/earliest Pliocene of Maramena (Georgalis et al. 2019b), the late Miocene 
and early Pliocene of the Ptolemais area (Loréal et  al. 2020), and the Middle 
Pleistocene of Latomi, Chios (Schneider 1975).

Natrix Laurenti, 1768

Type Species Coluber natrix Linnaeus, 1758.

Remarks The genus Natrix is an abundant and ubiquitous element of the extant 
Greek herpetofauna, being represented by two species, that is, Natrix natrix and 
Natrix tessellata (Laurenti, 1768) (Valakos et al. 2008). The earliest occurrence of 
Natrix in the Greek fossil record is documented in the late Miocene (MN13) of Ano 
Metochi (Georgalis et al. 2017a). Other remains of the genus are known from the 
latest Miocene/earliest Pliocene of Maramena (Georgalis et  al. 2019b), the early 
Pliocene of the Ptolemais area (Loréal et al. 2020), and the Early Pleistocene of 
Gerani cave in Crete (Szyndlar 1991b).

Natrix tessellata (Laurenti, 1768)
Natrix cf. tessellata

Remarks Natricine remains from the Early Pleistocene of Gerani cave in Crete 
have been tentatively referred to the extant species Natrix tessellata (as N. cf. tessel-
lata by Szyndlar 1991b), which still occurs in the island. Such taxonomic referral 
demonstrates that this form was already present in the area already since the begin-
ning of the Quaternary.

Natrix rudabanyaensis Szyndlar, 2005
Natrix cf. rudabanyaensis

Remarks The abundant Maramena material denoted the presence of two distinct 
congeneric forms  of Natrix, one of which shows resemblance with the Central 
European species Natrix rudabanyaensis (Georgalis et al. 2019b).

Elapoidea Vidal, Delmas, David, Cruaud, Couloux, and Hedges, 2007
Elapidae Boié, 1827
Micrurus Wagler, 1824 

Type Species Micrurus spixii Wagler, 1824.

Remarks Coral snakes pertaining to the genus Micrurus have currently a distribu-
tion confined to the Neotropics (Wallach et  al. 2014). Nevertheless, their fossil 
record denotes that during the Neogene, the genus was present also in Europe (Rage 
and Holman 1984). Their vertebrae are characterized by relatively small dimen-
sions, elongated centrum, short hypapophysis directed more posteriorly than ven-
trally, hypapophyses present throughout the trunk region, and low neural spine 
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(Rage and Holman 1984; Ivanov and Böhme 2011). The single probable known 
occurrence of Micrurus in Greece is based on an incomplete trunk vertebra from 
Maramena (Georgalis et al. 2019b), identified as cf. Micrurus sp. If correct, this 
would represent both the easternmost European record of the genus but also its 
youngest occurrence from the whole continent (Georgalis et al. 2019b).

Naja Laurenti, 1768

Type Species Coluber naja Linnaeus, 1758.

Remarks Cobras of the extant genus Naja were widespread in Neogene ecosys-
tems across many parts of Europe (Szyndlar and Rage 1990; Szyndlar and Zerova 
1990; Georgalis et al. 2018b). Vertebrae of Naja are characterized by being rela-
tively heavily built, the continuous presence of hypapophyses throughout the trunk 
region, a depressed neural arch, well-developed subcentral ridges, and short condy-
lar neck (Rage 1984; Szyndlar 1991b). In Greece, except for Naja cf. romani from 
Ravin de la Pluie (see the next section), all other occurrences of Naja cannot be 
identified beyond the generic level. These include remains of the latest Miocene/
earliest Pliocene (MN13/14) of Maramena (Georgalis et  al. 2019b) and the late 
Pliocene (MN16) of Tourkobounia 1, Attica (Szyndlar and Zerova 1990). An even 
younger, purported occurrence of a cobra from the Middle Pleistocene of Latomi, 
Chios (Schneider 1975) was subsequently rejected (Szyndlar 1991b; Georgalis 
et al. 2018b). It seems thus that cobras became extinct from the area sometime prior 
to the onset of the Quaternary.

Naja romani (Hoffstetter, 1939)
Naja cf. romani

Remarks The earliest occurrence of Naja in the Greek fossil record is documented 
in the late Miocene (MN10) of Ravin de la Pluie, near Thessaloniki, which was 
referred to Naja cf. romani (Georgalis et al. 2018b). This is the sole Greek record 
that could be assigned to the species level, as all other sporadic occurrences of Naja 
in the area could be identified solely to the genus level (see the earlier section).

Psammophiidae Bourgeois, 1968
Malpolon Fitzinger, 1826

Type Species Coluber monspessulanus Hermann, 1804.

Remarks Unlike its related elapids, trunk vertebrae of Malpolon do not possess 
hypapophyses throughout the column, but instead, hypapophyses are restricted 
solely in the anterior trunk region (Szyndlar 1991a). Malpolon is present in the 
extant herpetofauna of Greece, being represented by Malpolon insignitus (Geoffroy 
Saint-Hilaire, 1827) (Wallach et  al. 2014). Nevertheless, the fossil record of the 
genus in the area is rather patchy, being so far known exclusively by vertebral mate-
rial from the late Pliocene of Tourkobounia 1, Attica, referred by Szyndlar (1991a) 
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to Malpolon sp. Whether they pertain to the extant species M. insignitus or some 
ancestral form cannot be confirmed, however, that material clearly denotes the pres-
ence of this lineage in the Greek region already by the Neogene.

Viperoidea Oppel, 1811b
Viperidae Oppel, 1811b

Remarks Indeterminate viperids are known already since the early Miocene of 
Aliveri (Georgalis et  al. 2019a), these representing the oldest occurrence of this 
clade in the country. More indeterminate viperids are known from the late Miocene 
of Ano Metochi 3 (Georgalis et  al. 2017a, 2019b). Besides these indeterminate 
finds, more precise determinations have been made with Greek remains pertaining 
to Vipera and the extinct genus Laophis (see the next section).

Laophis Owen, 1857

Type Species Laophis crotaloides Owen, 1857.

★Laophis crotaloides Owen, 1857

Nomenclatural and Taxonomic History Laophis crotaloïdes in Owen 1857 (new 
species); Laophis crotaloides in Rochebrune 1880 (justified emendation). Rage 
(1984) regarded the taxon to be a nomen dubium, a taxonomic opinion that was 
subsequently followed by other workers as well (Szyndlar 1991b; Szyndlar and 
Rage 1999, 2002; Wallach et al. 2014); the validity of this taxon has been reinstated 
by Georgalis et al. (2016a).

Type Material Unknown collection (holotype), 13 trunk vertebrae, now lost 
(Georgalis et al. 2016a).

Type Locality Megalo Emvolon (formerly Karaburun or Karabournou), near 
Thessaloniki, Central Macedonia, Greece; MN15, early Pliocene.

Distribution Known only from the type locality (Georgalis et al. 2016a).

Remarks This is the first fossil reptile described from Greece. Established by the 
prominent British palaeontologist Richard Owen (1857) on the basis of 13 large 
vertebrae in the vicinity of Thessaloniki. Owen (1857) already highlighted its large 
size and recognized Laophis crotaloides as the largest viperid. Nevertheless, even-
tually the material became lost and this hindered significantly the understanding of 
the affinities of this taxon, especially when taking into consideration that the only 
remaining source were the original Owen’s (1857) figures and descriptions. 
Recently, Georgalis et al. (2016a) described a single, incomplete large trunk verte-
bra originating from the type locality Megalo Emvolon. These authors referred this 
vertebra to Laophis crotaloides, and revalidated the species providing an emended 
diagnosis (Georgalis et al. 2016a). Futhermore, Georgalis et al. (2016a) confirmed 
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the gigantic nature of this viperid snake, as the vertebra from Megalo Emvolon has 
a centrum length surpassing the 16 mm.

Vipera Laurenti, 1768

Type Species Coluber aspis Linnaeus, 1758.

Vipera sp.
“Oriental Vipers” Complex

Remarks Primarily on the basis of vertebral features, the small-sized European 
vipers (comprising the “Vipera berus” and “Vipera aspis” Complexes) have been 
differentiated from the larger ones, which are included in the “Oriental Vipers” 
Complex (Szyndlar and Rage 1999, 2002). The latter group comprises the extant 
genera Macrovipera Reuss, 1927, and Montivipera Nilson et al., 1999. Both groups 
are currently represented in the extant herpetofauna of the country, but only mem-
bers of the latter are known in the fossil record (Wallach et al. 2014). Large-sized 
forms attributed to the “Oriental vipers” have been described from the latest 
Miocene/earliest Pliocene (MN13/14) of Maramena (Szyndlar 1995; Georgalis 
et al. 2019b), the late Pliocene (MN16) of Tourkobounia 1 (Szyndlar 1991b), and 
the Middle Pleistocene of Latomi, Chios (Schneider 1975).
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 Appendix

List of the Greek localities containing squamate fossils. Locality numbers refer to the collection 
numbers of the PalaeoBiology Database (PBDB)

Locality Age (MN) Taxa

Pili B204953 Late Quaternary Eryx jaculus1

Gerani Cave195229 Late Pleistocene Natrix cf. tessellata2

Bate Cave183122 Late Pleistocene Podarcis cf. erhardii3,
Hierophis cf. gemonensis3

Tourkobounia 534592 Middle Pleistocene Varanus sp.1,4,
Scolecophidia indet.1,4

Tourkobounia 234767 Middle Pleistocene Elaphe quatuorlineata1,
Zamenis situla1

Scolecophidia indet.1
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Locality Age (MN) Taxa

Latomi204077 Middle Pleistocene Lacertidae indet.5,
“Colubrinae” indet.5,
Eryx jaculus5,
Natricinae indet. 5,
“Oriental vipers complex” 
indet.5

Kaiafas34766 Early Pleistocene Lacertidae indet. (A)6,
Lacertidae indet. (B)6,
Lacertidae indet.6,
Laterata indet. or 
Scinciformata indet.6,
Ophiomorus sp.6,
Pseudopus sp.6,
Squamata indet.6,
“Colubrinae” indet.6

Tourkobounia 134589 late Pliocene (MN16) Naja sp.1,2,7,
Malpolon sp.1,2,7,
Scolecophidia indet.1,2,7,
“Oriental vipers complex” 
indet.1,2,7

Spilia-431229 early Pliocene (MN15) Amphisbaenia indet.8

Vorio 8207964 early Pliocene (MN15) Caenophidia indet.9

Vorio 3A205086 early Pliocene (MN15) Natrix sp.9,
Caenophidia indet.9

Vorio 3205086 early Pliocene (MN15) Natrix sp.9,
Caenophidia indet.9

Megalo Emvolon36579 early Pliocene (MN15) Laophis crotaloides10,11

Vorio 2207948 early Pliocene (MN14) Natrix sp.9

Vorio 1205087 early Pliocene (MN14) Natrix sp.9

Maritsa68046 early Pliocene (MN14) cf. Eryx sp.1,
Scolecophidia indet.1
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Locality Age (MN) Taxa

Maramena32189 late Miocene/early 
Pliocene (MN13/14)

Agaminae indet.12,14,
Lacertidae indet.14,
?Lacertidae indet.14,
aff. Palaeocordylus sp.12,14,
?Scincidae indet.14,
Anguis sp.14,
Ophisaurus sp. (morph. 
1–5)12,14,
Pseudopus sp.14,
Anguinae indet.14,
Varanus sp.14,
Hierophis cf. hungaricus14,
Paraxenophis spanios14,
Periergophis micros14,
“Colubrinae” indet. (morph. 
1)14,
Natrix aff. rudabanyaensis14,
Natrix sp.14,
cf. Micrurus sp.14,
Naja sp.14,
Scolecophidia indet.14,
“Oriental vipers complex” 
indet.13,14

Tomea Eksi 2205088 late Miocene (MN13) Lacertidae indet.9,
Laterata or Scinciformata 
indet.9,
Squamata indet.9,
“Colubrinae” indet.9,
Natricinae indet.9,
Colubridae indet.9,
Caenophidia indet.9

Tomea Eksi 1205089 late Miocene (MN13) Lacertidae indet.9,
Squamata indet.9,
Natricinae indet.9,
Caenophidia indet.9

Komanos 1205083–84 late Miocene (MN13) Anguinae indet.9

Ano Metochi 231924 late Miocene (MN13) Lacertidae indet.15,
aff. Palaeocordylus sp.15,
Ophisaurus sp.15,
Anguinae indet.15,
Natrix sp.15,
Serpentes indet.15

Ano Metochi 331928 late Miocene (MN13) Lacertidae indet.15,
aff. Palaeocordylus sp.15,
Ophisaurus sp.15,
Anguinae indet.15,
cf. Dolichophis sp.15,
“Colubrinae” indet.15,
Natrix sp.15,
Scolecophidia indet.15,
Viperidae indet.14,15
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Locality Age (MN) Taxa

Pikermi
(including both classical locality and 
Chomateri and PV1 sites)
182754, 195562, 202630

late Miocene 
(MN11–13)

Lacertidae indet.16,
?Anguinae indet.16,
Varanus marathonensis20–22,
Varanus sp.16–19,
?Erycidae indet.16,
Colubridae indet.16,
Squamata indet.16

Mytilinii95691 late Miocene (late 
MN11 – early MN13)

Varanus marathonensis22,23

Ravin de la Pluie191070 late Miocene (MN10) ?Anguinae indet.24,
Varanus sp.24,
“Colubrinae” indet.24,
Naja cf. romani24

Plakias183151 late Miocene (MN9) Amphisbaenia indet.25,
?Natricinae indet.25

Aliveri68032 early Miocene (MN4a) Chamaeleo cf. andrusovi27,
Chamaeleonidae indet.26,
Lacertidae indet.27,
Laterata indet. Or 
Scinciformata indet.27,
Anguinae indet.27,
Colubridae indet.27,
Viperidae indet.27,
Serpentes indet.27

Karydia69435 early Miocene (MN4a) Lacertidae indet.27,
Laterata indet. or 
Scinciformata indet.27,
cf. Ophisaurus sp.27,
Anguinae indet.27,
Colubridae indet.27,
Serpentes indet.27

Kymi206392 early Miocene (MN3/4) Python euboicus28

Lapsarna186558 early Miocene (?MN3) Lacertidae indet.29,
?Natricinae indet.29,
Serpentes indet.29,
Squamata indet.29

MN Mammal Neogene Zone
1Szyndlar 1991a, 2Szyndlar 1991b, 3Kotsakis 1977, 4Georgalis et al. 2017b, 5Schneider 1975, 6Villa 
et al. 2020, 7Szyndlar and Zerova 1990, 8Georgalis et al. 2018c, 9Loréal et al. 2020, 10Owen 1857, 
11Georgalis et al. 2016a, 12Richter 1995, 13Szyndlar 1995, 14Georgalis et al. 2019b, 15Georgalis et al. 
2017a, 17Gaudry 1862a, 18Gaudry 1862b, 19Gaudry 1862–1867, 20Weithofer 1888, 21Nopcsa 1908, 
22Villa et al. 2018, 23Conrad et al. 2012, 24Georgalis et al. 2018b, 25Georgalis et al. 2016c, 26Georgalis 
et al. 2016b, 27Georgalis et al. 2019a, 28Römer 1870, 29Vasileiadou et al. 2017
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The Fossil Record of Crocodylians 
(Reptilia: Crocodylia) in Greece

Georgios L. Georgalis and Massimo Delfino

1  Introduction

Crocodylians are large, carnivorous, and semiaquatic reptiles, currently distributed 
across Africa, southern Asia, Australia, and southern North, Central, and South 
America (Trutnau and Sommerlad 2006). However, their fossil record denotes that 
they had a much wider geographic distribution, with an array of currently extinct 
taxa that achieved several different bauplans, ecologic adaptations, and size ranges, 
conquering many different palaeoenvironments during the Late Mesozoic and 
throughout the Cenozoic (Brochu 2001a, b, 2003; Scheyer et  al. 2013; Mannion 
et al. 2015, 2019; Godoy et al. 2019).

Despite the astonishing Cenozoic diversity that encompassed also Europe 
(among the recent publications see: Brochu 2006, 2007; Delfino et al. 2007, 2019; 
Piras et al. 2010; Delfino and Rook 2008; Delfino and Smith 2009, 2012; Martin 
2010; Martin and Gross 2011; Delfino and Rossi, 2013; Martin et al. 2014; Díaz 
Aráez et al. 2017; Macaluso et al. 2019; Rio et al. 2019; Zoboli et al. 2019), croco-
dylians are only scarcely known in the southeastern margins of the continent, par-
ticularly in Greece. We here review this so far poor, fossil record that nevertheless 
confirms the presence of these fascinating reptiles in the area.
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2  Historical Overview

Although crocodylian fossil remains have been known in the Balkans since several 
decades (e.g., Huene and Nikoloff 1963; Schleich 1994; Jovanović 1995;Vasilyan 
2019; Georgalis et al. 2021), they instead have only recently been described from 
the Greek area (Georgalis et al. 2016, 2019; Vasileiadou et al. 2017).

3  Phylogenetic Relationships

Extant crocodylians are ranked into three distinct families, that is, Crocodylidae, 
Gavialidae, and Alligatoridae (Trutnau and Sommerlad 2006). As for the exact 
interrelationships between true and false gharial families (lineages of the extant 
genera Gavialis Oppel, 1811 and Tomistoma Müller, 1846, respectively), there is 
not as yet a full consensus, as topologies resulting from phylogenetic analyses based 
on morphology (also including the fossil record) contradict those based on molecu-
lar data (see Gold et al. 2014 and references therein).

4  Distribution

Crocodylian fossils from the Greek area are rather scarcely known (Fig.  1 and 
Table 1), a fact that also resides to their finds being only much recently described 
and, above all, that they are represented only by little informative skeletal elements, 
such as isolated teeth and one osteoderm. Nevertheless, even this poor fossil record 
attests a relatively wide geographic distribution spanning from the early Miocene 
and ultimately terminating during the early late Miocene (Georgalis et  al. 2016, 
2019; Vasileiadou et al. 2017). The earliest crocodylian remains are known from the 
early Miocene of Lapsarna in Lesvos Island (Vasileiadou et al. 2017) and Aliveri in 
Euboea Island (Georgalis et al. 2019). Crocodylian remains from the early Miocene 
of nearby Anatolia (Syromyatnikova et al. 2019) evince that this group was wide-
spread in the Eastern Mediterranean during the early Neogene. The only other 
record of crocodylians in Greece originates from the late Miocene (MN9) of Plakias 
in Crete (Georgalis et al. 2016). The latter find is of special interest as it represents 
not only the youngest record of the group from Greece but from the whole 
northeastern Mediterranean (Georgalis et al. 2016). In fact, the Plakias crocodylian 
represents one of the youngest crocodiles from the whole Europe, being surpassed 
only by the slightly younger remains from the centralnorth and northwestern 
Mediterranean (see Georgalis et  al. 2016 for details). It is nevertheless unclear 
whether these late Miocene European–Mediterranean crocodylian records (includ-
ing the Plakias one) represent relics of the once widespread European lineages or 
are simply the product of dispersal(s) from northern Africa, taking into 
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Fig. 1 Map of the occurrences of fossil crocodylians from Greece. See Table 1 for further infor-
mation. 1, Plakias; 2, Aliveri; 3, Lapsarna. See Appendix for more information. Image exported 
from Google Earth Pro © 2019, map data from US Dept. of State Geographer, SIO, NOAA, 
U.S.  Navy, NGA, GEBCO, image from Landsat/Copernicus. Scale bar equals 80  km, North 
faces upward

LocalityPBDB No Age (MN) Taxon

Plakias183151 late Miocene (MN9) Crocodylia indet.1

Aliveri68032 early Miocene (MN4a) Crocodylia indet.2

Lapsarna186558 early Miocene(?MN3) Crocodylia indet.3

MN Mammal Neogene Zone
1Georgalis et al. 2016, 2Georgalis et al. 2019, 3Vasileiadou et al. 2017

Table 1 List of the Greek localities containing crocodylian fossils. Locality numbers refer to the 
collection numbers of the PaleoBiology Database (PBDB)
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consideration also the marine dispersal capabilities of extant (Campbell et al. 2010; 
Nicolaï and Matzke 2019) and probably extinct taxa (Delfino et al. 2020a).

5  Systematic Paleontology

Crocodylia Gmelin, 1789

Remarks The so far existing fossil crocodylian material from Greece consists 
exclusively of isolated teeth (Fig. 2; Georgalis et al. 2016, 2019; Vasileiadou et al. 
2017), with the single exception of an osteoderm (Vasileiadou et  al. 2017). 
Crocodylian teeth are in most cases not diagnostic for identification at the genus or 
family level. The same applies for the known osteoderm, which was never figured 
anyway. Crocodylian teeth have a conical crown and—if preserved—a variably 
long, hollow, tubular root. When the root is broken off or reabsorbed, the base of the 
crown is clearly concave. The crown is characterized by a mesio-distal carina sepa-
rating the lingual and the labial surface. It is unclear whether the isolated teeth from 
Greece belong to one or more distinct taxa because they show a generalized mor-
phology—accordingly, size differences cannot be interpreted as indicative of taxo-
nomic diversity or simply due to ontogenetic status. However, at least the late 
Miocene remains could belong to the genus Crocodylus that seems to be present in 

Fig. 2 Selected specimens of fossil crocodylians from Greece. a–b Isolated teeth from Aliveri 
(UU AL 3538 in mesial and 3536 in lingual views, respectively; see also Georgalis et al. 2019), and 
c–d isolated teeth from the late Miocene of Plakias (UU PL 706 in labial and 708 in mesial views, 
respectively; see also Georgalis et al. 2016). Collection of the Faculty of Geosciences, University 
of Utrecht (The Netherlands). Scale bar equals 1 mm
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several southern European late Miocene localities (Montoya et  al. 2006; Delfino 
et al. 2007; Delfino and Rook 2008; Delfino and Rossi 2013; Delfino et al. 2020b). 
Pending the recovery and description of more complete material, at the moment we 
can only say that Greece was inhabited during part of the Miocene by indeterminate 
crocodylians. This is, nevertheless, an important conclusion that clearly confirms 
the presence of these reptiles in the country. These established crocodylian occur-
rences in Greece also highlight the recent advances on our understanding of Greek 
palaeoherpetofauna.
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The Fossil Record of Turtles and Tortoises 
(Reptilia: Testudines) in Greece

Evangelos Vlachos

1  Introduction

Turtles are amniotes with a fully developed turtle shell, included in the clade 
Testudinata, whereas crown turtles are included in the more derived clade Testudines 
(see Joyce et al. 2004). The extant diversity of turtles comprises at least 356 species 
distributed globally (except the Arctic and Antarctica), adapted to the majority of 
continental and marine environments (TTWG 2017 and references therein). The 
basic distinction of extant crown turtles (order Testudines) is in two suborders, 
Pleurodira and Cryptodira, depending on the kind of neck retraction. The extant 
turtle fauna of Greece includes nine species, all within Cryptodira: the marine tur-
tles of the superfamily Chelonioidea (three species, but only Caretta caretta nests 
on Greek coasts) and the continental turtles of the superfamily Testudinoidea (nine 
species) (see TTWG 2017 and references therein for further information). Up to 
now, there is no evidence of chelonioid turtles in the fossil record of Greece. All 
remaining continental turtles that currently inhabit Greece (exc. the introduced spe-
cies) have been positively identified in the fossil record of the country (Vlachos 
2015). For some clades (e.g., Geoemydidae and Testudinidae), additional species 
have been found in Greece, including at least two species of giant tortoises 
(Testudinidae). Finally, one pleurodire taxon is represented as well in the fossil 
record of Greece (Georgalis et al. 2013).

Because of the presence of a solid shell, turtles have great fossilization potential 
and represent a relatively common and easily identifiable part of the vertebrate fos-
sil record, as even the smallest shell fragments can be confidently identified at least 
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at the family level. Fossil turtles from Greece have received focused research inter-
est during the last decade.

2  Historical Overview

As fossil turtles have been found in some of the earliest discovered localities in the 
country (e.g., Pikermi and Samos), the published record of fossil turtles from Greece 
covers a long time period, from 1862 to the present. Roughly, the history of studies 
on fossil turtles from Greece can be divided into three stages, as the history of ver-
tebrate fossils of Greece (Introduction, this book).

Early Stage This stage includes all the works that have been done on fossil turtles 
in Greece until the end of the World War II. During the Early Stage, several promi-
nent foreign workers contributed with publications on fossil turtles, naming several 
of the Greek taxa as well. The earliest reference of a fossil turtle from Greece was 
made by Gaudry (1862) as part of his classical works about the fossil fauna from the 
Late Miocene of Pikermi, near Athens, including the type specimens of Testudo 
marmorum—this is the first fossil turtle taxon named from Greece. Shortly after, 
Forsyth Mayor (1891) mentioned fossil turtle occurrences in the Late Miocene of 
Samos. At the beginning of the twentieth century, del Campana (1917, 1919) 
described a shell from the species Testudo amiatae and eggs of a giant tortoise, from 
the locality Capudjlar (= Pylea), near Thessaloniki. Few years later, Arambourg and 
Piveteau (1929) published material from several sites near Thessaloniki, including 
several specimens of small- and large-sized testudinids. Around the same time, 
Barnum Brown collected specimens of a giant tortoise from various quarries in 
Samos Island, which remained unpublished until recently (Vlachos et al. 2019a). 
The Early Stage culminates with Szalai’s (1931) description of the first giant tor-
toise taxon from Greece, “Testudo” schafferi from the Late Miocene of Samos 
Island. All fossil specimens collected during the Early Stage are housed in foreign 
institutions outside Greece. The only exception to this rule is the collection of fossil 
tortoises in Samos Island by Th. Skouphos (AMPG), specimens that, nevertheless, 
remained unknown until recently (Vlachos et al. 2019c).

Intermediate Stage This stage includes all post-World War II works of the twen-
tieth century. The main difference of this stage is that it includes mostly works made 
by Greek researchers, who enriched significantly the collections of this country. 
Most of these works described turtles in the context of their accompanied fauna, and 
certainly turtles were far from a solid research interest at that time. Paraskevaidis 
(1955) described two endocasts (steinkerns) of two testudinids from the Lower to 
Middle Miocene of Chios Island, which unfortunately have been lost during the 
World War II. Later, Melentis (1966) described turtle fossils from the Pleistocene of 
Megalopolis basin, which are the first freshwater turtle remains from Greece. 
Bachmayer and Symeonidis published a series of papers describing new turtle 
material from Greece, mainly from the Late Miocene of Pikermi and the Pliocene of 
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Northern Greece (Bachmayer 1967; Bachmayer and Symeonidis 1970, 1977; 
Bachmayer et al., 1979), as well as from the Pleistocene of Crete Island (Bachmayer 
et al. 1975). Additional materials from caves in Crete (Kotsakis 1977; Brinkerink 
1996) and Tilos (Bachmayer and Symeonidis 1975) islands were added during the 
last part of the century. The last works of the Intermediate Stage include isolated 
occurrences of turtles from new localities in the country (Schleich 1982; Rauscher 
1995; Schmidt-Kittler 1995; van Vugt et al. 2000), but without detailed information. 
During that stage, only a new subspecies has been erected (Testudo marginata cre-
tensis Bachmayer et al. 1975) from Crete, whereas the remaining occurrences were 
attributed to the previously named species (e.g., Testudo marmorum) or were not 
identified to the specific level.

Modern Stage This stage includes all works of the twenty-first century and is 
when fossil turtles begin to be considered as the topic of specific research and field-
work. The first work that truly tried to place the turtle fossil record from Greece in a 
global context is done by Lapparent de Broin (2002), where she described new 
specimens of a giant tortoise from Lesvos Island, together with specimens of a small 
testudinid. Although these materials were quite fragmentary, Lapparent de Broin 
(2002) discussed extensively the evolution of giant testudinids in the area. Recently, 
researchers working exclusively with turtles (E. Vlachos) or with other reptiles as 
well (G. Georgalis) have presented a wealth of new information on the fossil record 
of the country. Some highlights include the first and only pleurodire in Greece 
(Georgalis et al. 2013), first occurrences of soft-shelled turtles (Vlachos et al. 2015b; 
Georgalis et al. 2016; Vlachos and Bacharidis 2018), new species of small-sized 
(Vlachos and Tsoukala 2016) and giant testudinids (Vlachos et al. 2014), a new spe-
cies of a geoemydid (Vlachos et al. 2019a), and numerous works on new occur-
rences (Tsoukala et  al. 2011; Vlachos and Tsoukala 2014; Garcia et  al. 2016; 
Vlachos and Delfino 2016; Georgalis et al. 2019a, b; Athanassiou et al. 2018; Loreál 
et al. 2020) and revision of previously published material (Vlachos et al. 2015a) or 
both (Vlachos 2015). The most recent effort to provide an extended summary of the 
published specimens was made by Georgalis and Kear (2013), which mostly sum-
marizes our knowledge of the Early and Intermediate Stages under modern concepts 
of turtle taxonomy. However, as the turtle record of the country has been greatly 
enriched and critically reevaluated since then, it seems timely and necessary to pro-
vide an updated review for the purposes of this volume—with the rate that turtles are 
being described from Greece lately, this will certainly not be the final word.

3  Phylogenetic Relationships

The phylogenetic relationships of the fossil turtles from Greece are currently well- 
known in most cases, as a result of the growth of our knowledge during the modern 
times, as explained above. The majority of the named and valid species have been 
included in various cladistic analyses during the last 5 years. As most of the species 
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belong to clades with extant representatives—and thus with well-known phyloge-
netic relationships—their position is generally well-supported. As such, the fossil 
turtles from Greece can be placed within a solid taxonomic and evolutionary 
framework.

The phylogenetic relationships of the only pleurodire turtle from Greece, 
Nostimochelone lampra, remain unclear. In its original description (Georgalis et al. 
2013) and later (Georgalis and Kear 2013), it has been included within 
Podocnemidoidea. Based on the preserved information, it is even possible to further 
refine its placement within this superfamily, within Bothremydidae (Vlachos 
2015)—it would be necessary, however, to complete the observations on the dorsal 
side of the carapace. The phylogenetic relationships of this diverse clade are now 
well-known (Ferreira et al. 2018 and references therein). Although the main tempo-
ral distribution of the family is in the Cretaceous, some bothremydids could extend 
to the Paleogene (Gaffney et al. 2006). It is therefore necessary to fully corroborate 
in the future the bothremydid affinities of Nostimochelone, as it could represent the 
youngest stratigraphically member of this clade.

With the exception of some more exclusive clades, the overall relationships of 
Trionychidae are obscure and largely unresolved (Vitek and Joyce 2015, and refer-
ences therein). The fossil soft-shelled turtles from Greece are few and known only 
by isolated shell fragments that cannot be identified at the species level. It is there-
fore impossible to state anything on their phylogenetic relationships.

An interesting topic, from a phylogenetic point of view, is the position of the 
newly described Mauremys aristotelica by Vlachos et al. (2019a). This taxon exhib-
its conspicuously wide vertebral scutes, which are similar to some degree to other 
taxa from the Old World like Clemmydopsis, Sakya, Sarmatemys, and Shansiemys 
(Danilov 2005, Danilov et al. 2017, Vlachos et al. 2019a; and references therein). 
These taxa—which actually exhibit an enormous variety of scute morphology asso-
ciated with the wide vertebral scutes—have been considered as representing sepa-
rate clades of unclear placement within the total clade of Geoemydidae. This 
hypothesis would make the appearance of the wide vertebral scutes homoplastic 
within the total clade of Geoemydidae. The recent analysis of Vlachos et al. (2019a), 
however, demonstrates that it is more parsimonious to consider that all these taxa 
form a clade characterized by wide vertebral scutes, retrieved deeply nested within 
Mauremys.

On the other hand, the diverse testudinid records from Greece also bring impor-
tant information on the phylogenetic relationships of the family Testudinidae. 
Although the taxonomy of many extinct members of this family remained problem-
atic, the renewed interest on tortoise fossils from Europe and Greece over the last 
years has offered plenty of opportunities to investigate further the phylogeny of the 
tortoises (Pérez-García and Vlachos 2014; Vlachos 2015; Vlachos and Tsoukala 
2016; Luján et al. 2016; Pérez-García et al. 2017a; Vlachos and Rabi 2018). Now it 
becomes clear that derived tortoises from Europe and Greece (i.e., Testudininae) 
belong mainly to two clades: Geochelonini and Testudinini.

The giant tortoises from Greece, Titanochelon bacharidisi and Titanochelon 
schafferi, are placed within the genus/clade Titanochelon together with numerous 
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other species from the Neogene of Europe (see Pérez-García and Vlachos 2014). 
Both species have been previously included in the waste-basket genus Cheirogaster, 
which at a certain point including all European Cenozoic large-sized tortoises with-
out a cervical scute (Lapparent de Broin 2001, 2002). Recent works suggest that 
Cheirogaster is placed basally within Testudinidae (Pérez-García and Vlachos 
2014; Vlachos and Rabi 2018), and derived giant tortoises like Titanochelon are 
sister to the extant African Stigmochelys.

On the other hand, the small-sized tortoises are placed within Testudinini. It is 
now unclear whether all small-sized tortoises from Greece are placed within crown 
Testudo, as Testudo marmorum from Pikermi (Vlachos et al. 2019b) or those from 
Samos and Chios could be located along the stem that leads to modern Testudo 
(Vlachos et al. 2019c).

Besides the specimens attributed to the Testudo graeca complex, Testudo hel-
lenica and Testudo brevitesta are probably placed in successive, more derived posi-
tions leading to the extant Testudo marginata. Depending on the situation of Testudo 
marmorum and its hypo-xiphiplastral hinge (see below), the marble tortoise could 
also be placed within this clade, in between Te. hellenica and Te. brevitesta. This 
entire clade has been named Chersus by Parham in Parham et al. (2006) and includes 
also the extant Testudo kleinmanni from Africa. This is a clade that probably has a 
South Balkan origin, and the fossil record from Greece helps in demonstrating the 
appearance and gradual evolution of the development of the elongated and posteri-
orly flared posterior carapacial border of the extant marginated tortoise (Vlachos 
and Tsoukala 2016).

4  Distribution

The geographic distribution of the testudine fossils from Greece largely follows the 
number and distribution of the fossil localities of the country. There is a handful of 
Early and Middle Miocene in Greece, but by the Late Miocene they already show a 
more extensive distribution in both continental and insular Greece (see Fig. 1 and 
Appendix). In the Pliocene fossil turtles are mostly found in Northern Greece, 
whereas in the Pleistocene they occur in the Peloponnesus peninsula as well 
(Appendix). Geoemydids are present in Greece at least since the early Late Miocene 
(MN9), whereas emydids occur only since the Late Pleistocene. It is worthy to note 
that geoemydids are able to tolerate salty water compared to emydids, which could 
lead to different geographical distributions as geoemydids are able to surpass barri-
ers that emydids cannot (see Vamberger et  al. 2014 and references therein). The 
temporal distribution of small-sized testudinids (MN10–present) in Greece is more 
extensive than that of the giant tortoises (MN12–Early Pleistocene), which disap-
pear in the fossil record of the country few thousand years before their extinction 
from continental Europe (Pérez-García et al. 2017b). Up to now, no giant tortoises 
have been found in Crete, which otherwise contains occurrences of Trionychidae, 
Geoemydidae, and small-sized Testudinidae.

The Fossil Record of Turtles and Tortoises (Reptilia: Testudines) in Greece



250

Fig. 1 Map of Greece showing the various occurrences of turtle and tortoise fossils. Holocene–
Pleistocene: 1, Vravrona; 2, Franchthi Cave. Pleistocene: 3, Charkadio Cave; 4, Liko Cave; 5, 
Gerani IV Cave; 6, Zourida Cave; 7, Bate Cave; 8, Simonelli Cave; 9, Rethymnon fissure; 10, 
Koumpes I Cave; 11, Mavro Mouri IV Cave; 12, Siteia I; 13, Kos; 14, Megalopolis; 15, Xerias; 16, 
Potidea; 17, Korydallos; 18, Lakonia; 19, Petralona Cave; 20–23, Kyparissia localities; 24–26, 
Choremi localities; 27, Kalamoto-2; 28, Vatera-F; 29, Vatera-T; 30, Karnezeika. Pliocene: 31, 
Megalo Emvolon; 32, Nea Michaniona; 33, Epanomi; 34, Nea Kallikrateia; 35, Gefira-1; 36, 
Gefira-2; 37–41, Milia localities; 42–46, Ptolemais localities; 47, Apolakkia; 48, Pylea; 49, 
Allatini. Pliocene/Miocene boundary: 50, Nea Silata; 51, Maramena. Miocene: 52, Kryopigi; 53, 
Fourka; 54, Samos localities; 55, Vathylakkos-3; 56, Liossati; 57, Pikermi; 58, Platania; 59, 
Halmyropotamos; 60, Nikiti-2; 61, Ravin de la Pluie; 62, Kastellios localities; 63, Plakias; 64, 
Michalos; 65, Nostimo; 66, Karydia; 67, Aliveri; 68, Megalos Lakkos. See Appendix for more 
information. (Image exported from Google Earth Pro © 2019, map data from US Dept. of State 
Geographer, SIO, NOAA, US Navy, NGA, GEBCO, image from Landsat/Copernicus. Scale bar 
equals 80 km, North faces upward)
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Certainly, there are many more latest Pleistocene–Holocene occurrences of tur-
tles from Greece coming from numerous zooarchaeological sites. As in the majority 
of these sites turtle specimens have received little or no attention at all, these occur-
rences are not included herein.

5  Systematic Paleontology

All turtles from Greece belong to the crown clade Testudines. There is a single rep-
resentative of Pleurodira, and all other turtle taxa from Greece are members of 
Cryptodira representing at least four different families. At least 14 different taxa can 
be identified in the Greek fossil record. The most diverse clade is Testudinidae, 
comprising more than half of the total diversity of Greek fossil turtles with at least 
two giant and seven small-sized tortoise species. Freshwater turtles of the clade 
Geoemydidae follow with at least two species of the genus Mauremys, whereas the 
remaining three families/clades are represented by a single taxon each. Herein, the 
previously used phylogenetic nomenclature is abandoned.

Testudines Batsch, 1788

Comments Occurrences of Testudines indet. belong to two categories: studied 
material that cannot be further diagnosed (e.g., the material from Karydia and 
Aliveri in Georgalis et al. 2019a) and material that has never been studied and is 
only referred to as “turtles” (e.g., the Kastellios material in de Bruijn et al. 1971).

Pleurodira Cope, 1864
Podocnemidoidea Cope, 1868 (sensu Gaffney et al. 2011)

Type Genus Podocnemis Wagler, 1830.

★Nostimochelone lampra Georgalis, Velitzelos, Velitzelos, Kear, 2013

Nomenclatural and Taxonomical History Labrochelone nostimiensis and 
Lamprochelone nostimiensis in Mueller-Töwe et  al. 2011 (nomina nuda); 
Nostimochelone lampra in Georgalis et al. 2013 (new species)

Type Material NMP V1 (holotype), partial carapace and plastron (Figs. 17.2–3 in 
Georgalis et al. 2013 and Fig. 3 in Georgalis and Kear 2013; Fig. 2).
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Type Locality Outside Nostimo village, Kastoria; Zeugostasion Formation, Early 
Miocene (Late Burdigalian).

Distribution Known only from its type locality.

Taxonomic Remarks The pleurodiran affinities of this taxon are quite clear, as 
already pointed out by Georgalis et  al. (2013), including the sutural articulation 
between the pelvis and the shell and the presence of mesoplastra. Although the dor-
sal surface of the carapace is not available for observation, a combination of charac-
ters allows diagnosis within Podocnemidoidea. Georgalis et al. (2013) suggested 
that some character states are similar to the derived condition seen in Podocnemididae. 
Inclusion of this taxon in the matrices of Gaffney et al. (2006, 2011) revealed that 
Nostimochelone is placed within Bothremydidae, either within Kurmademydini or 
within Bothremydini (Vlachos 2015). However, observations on the dorsal side of 
the carapace would be necessary for a definite conclusion regarding the affinities of 
this taxon. As such, Nostimochelone is placed herein only within Podocnemidoidea 
as originally described by Georgalis et al. (2013).

Comments Nostimochelone lampra is the only pleurodire known from Greece and 
one of the oldest occurrences of turtles in the country. I believe that it is absolutely 
necessary to fully prepare the type specimen, to allow observations on the dorsal 
side of the carapace and the visceral side of the plastron. Although the phylogenetic 

Fig. 2 The holotype (NMP V1) of Nostimochelone lampra, the only pleurodire turtle known in the 
fossil record of Greece. a Visceral view of the carapace, b ventral view of the plastron. Scale bar 
equals 5 cm
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relationships of Pleurodira are heavily based on cranial characters (see Gaffney 
et al. 2006, Ferreira et al. 2018, and references therein), the complete information of 
the shell morphology of Nostimochelone could provide important clues on its affini-
ties. Especially if indeed this taxon is placed within Bothremydidae, this could have 
important implications on the temporal distribution of this clade. In any case, 
Nostimochelone is one of the youngest pleurodire occurrences from Europe 
(Georgalis et al. 2013).

Cryptodira Cope, 1868
Trionychidae Gray, 1825

Type Genus Trionyx Geoffroy Saint-Hilaire, 1809.

Distribution Early Miocene (Late Aquitanian) of Northwestern Greece, early Late 
Miocene (MN9) of Crete, to the Pliocene of Northern Greece (Vlachos et al. 2015b; 
Georgalis et al. 2016; Vlachos and Bacharidis 2018).

Comments This clade has not been documented in Greece until recently (Georgalis 
and Kear 2013), when new fieldwork efforts and investigations were able to find 
new soft-shelled turtles in the fossil record of Greece (Fig. 3; Vlachos et al. 2015b; 
Georgalis et al. 2016; Vlachos and Bacharidis 2018). Even with these few findings, 

Fig. 3 Fossils of soft-shelled turtles from Greece. a–e LGPUT GAS 8a–e, partial carapace plates 
of the Trionychidae indet. from the Pliocene of Gefira (Northern Greece), f–g LGPUT GNE 001, 
partial costal plate of the Trionychidae indet. from the Early Miocene of Megalos Lakkos 
(Neochori, Grevena, Northern Greece). Scale bar equals 5 cm

The Fossil Record of Turtles and Tortoises (Reptilia: Testudines) in Greece



254

we can reconstruct that this clade was present for a long period of time in Greece, 
spanning almost the entire Neogene—this is the turtle clade with the longest tempo-
ral distribution in the country. The few recovered plates have been clearly identified 
as belonging to soft-shelled turtles both on morphological (Vlachos et al. 2015b; 
Georgalis et al. 2016; Vlachos and Bacharidis 2018) and histological (Vlachos et al. 
2015b) evidence. It is, however, impossible to further refine this identification based 
on the available information and especially on the absence of cranial or plastral ele-
ments (see Vitek and Joyce 2015; Georgalis and Joyce 2017 and references therein). 
It is worthy to note that, based on the currently available fossil record, the soft- 
shelled turtle specimen from Megalos Lakkos (near Neochori, Grevena, 
Northwestern Greece; Vlachos and Bacharidis 2018) is the oldest turtle occurrence 
from Greece.

Emydidae Bell, 1825

Type Genus Emys Duméril, 1805.

Comments Emydidae is a diverse family of testudinoids, known in the Old World 
with a single extant species, the European pond turtle Emys orbicularis—a species 
that forms part of the extant herpetofauna of Greece. The fossil material from 
Greece that can be attributed to this clade is limited and belongs to the extant spe-
cies, Emys orbicularis. All remaining extant emydids are distributed to the New 
World, with the exception of Emys trinacris in Sicily (see TTWG 2017 for discus-
sion). Fossil emydids known from shell remains can be readily distinguished based 
on the presence of a wide costovertebral tunnel and wide rib heads, the absence of 
musk ducts and their foramina, and the expansion of the vertebral V onto the pygal 
bone. There are few occurrences of this clade in the fossil record of Greece, all of 
which are identified as Emys orbicularis.

◉Emys orbicularis (Linnaeus, 1758)—the European pond turtle

Nomenclatural and Taxonomical History The original name and combination is 
Testudo orbicularis Linnaeus, 1758. This name has a long history of combinations 
and synonymy, summarized in TTWG 2017 (and references therein), and is beyond 
the scope of this chapter.

Type Specimen Museum für Naturkunde, Magdeburg (MNM) Z-4180 (neotype), 
adult male specimen (Fritz 1994; not figured).

Type Locality Mecklenburg Lake Plateau, Germany (based on the neotype).

Distribution Extant Emys orbicularis and its subspecies show, mainly, a European 
distribution from Portugal in the west to Turkmenistan in the east and Tunisia in the 
south to Estonia in the north (see TTWG 2017 for further details). In the Greek fos-
sil record, this species is mainly known from the middle Pleistocene to Early 
Holocene of Peloponnesus peninsula (see Appendix).
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Taxonomic Remarks The main character of diagnostic value for this species is the 
presence of a hinge between the hyoplastron and the hypoplastron. This character 
allows an immediate distinction from the sympatric geoemydids (which are more 
extensive temporally and geographically; see below). More characters from the 
shell facilitate further the identification of even isolated plates, as the fossils from 
Greece that can be attributed to the European pond turtle are few and quite frag-
mented. The most reliable characters to diagnose Emys orbicularis in the Greek 
fossil record are the presence of a hyo-hypoplastral hinge seen as a complete coin-
cidence of the hyo-hypoplastral suture and the pectoro-abdominal sulcus; a nuchal 
plate overlapped laterally by the pleural I; a lyre-shaped vertebral I; and small pygal 
that is covered by the vertebral V and the marginals XII.

Comments An excellent example to illustrate the diagnostic potential of the 
abovementioned characters in isolated fragments is from the turtle specimens from 
Megalopolis. Originally, these specimens were attributed to the geoemydid 
“Clemmys” caspica by Melentis (1966). Even though the original material cannot 
be located, the published information suffices to identify that some of these speci-
mens actually belonged to Emys orbicularis (see Vlachos and Delfino 2016). The 
earliest published records of Emys orbicularis come from the Middle Pleistocene of 
various levels in Choremi section (van Vugt et al. 2000; not described) and various 
localities in Kyparissia (Athanassiou et al. 2018). Recently, during a reexamination 
of the fossil record of Kalamoto-2 (KAL) locality in Mygdonia basin, E. Tsoukala 
brought to my attention a single chelonian specimen which is briefly described in 
the box below. Recent studies and discoveries (Vlachos and Delfino 2016; 
Athanassiou et al. 2018) have helped to establish the presence of Emys orbicularis 
in the Middle to Late Pleistocene of Peloponnesus. This region has been suggested 
as one of the pleniglacial refugia of this species, prior to its northward expansion 
during the warmer parts of the Holocene (see Vlachos and Delfino 2016 and refer-
ences therein).

The Kalamoto Pond Turtle
LGPUT KAL 180 is a partial left xiphiplastron, measuring approximately 
26 mm in length and 38 mm in width (scale bar is 10 mm). The expanded 
covering of the scutes on the visceral side excludes its identification as a tes-
tudinid. Based on the preserved sutures, the position of this fragment can be 
reconstructed as depicted, showing a posterior plastral lobe with gently curved 
and converging borders. The femoro-anal sulcus appears to be diagonally 
placed in respect to the midline, being straight medially and S-curved later-
ally. Based on the preserved part, I can safely estimate that the anal scutes had 
an extensive covering on the ventral side of the xiphiplastron. The docu-
mented morphology is consistent with Emys orbicularis. As Kalamoto-2 is 
dated to the early Middle Pleistocene (MNQ20), this occurrence would pre-
date the occurrences of this taxon from Choremi and Kyparissia, making it the 

(continued)
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Geoemydidae Theobald, 1868

Type Genus Geoemyda Gray, 1834.

Comments Geoemydidae is a diverse family of testudinoids, which shows the 
exact opposite geographical distribution compared to Emydidae (see above). A sin-
gle genus is distributed in the New World (Rhinoclemmys), whereas the rest of the 
diversity of this clade is found in the Old World. Fossil geoemydids known from 
shell remains can be readily distinguished based on the presence of a narrow costo-
vertebral tunnel with wide rib heads, the presence of musk ducts and their foramina, 
and the expansion of the marginals XII onto the suprapygal II.

Mauremys Gray, 1869

Type Species Emys fuliginosus Gray, 1860, currently considered a subjective syn-
onym of Emys leprosa Schoepff in Schweigger, 1812 (see TTWG 2017).

Comments This genus contains at least nine extant species and several subspecies, 
distributed in south Europe, northern Africa, Middle East, and Asia. Both extant and 
extinct geoemydids of Greece are placed within the genus Mauremys, represented 
in the extant herpetofauna with the species Mauremys rivulata. The fossil record of 
this clade is extensive in the Old World, and the members of Mauremys sensu lato 

oldest confirmed occurrence of Emys orbicularis in Greece. Note that previ-
ous reports on the presence of emydids in the Pliocene of Ptolemais remain 
unconfirmed based on new sampling efforts (Georgalis and Kear 2013, Loreál 
et al. 2020).
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can be distinguished by a vertebral I that contacts the marginal II, an entoplastron 
that is crossed by the humero-pectoral sulcus on its posterior part, short anal scutes, 
and a deep rounded anal notch. There are several occurrences of geoemydids in the 
fossil record of Greece. Those from the Pleistocene are attributed to the extant 
Mauremys rivulata. The occurrences from several collections in the Late Pliocene 
of Milia (Northern Greece) and from the Late Miocene of Plakias (Crete) cannot be 
identified beyond the genus level. The occurrence from Plakias is the oldest occur-
rence of the family in Greece (see Georgalis et al. 2016).

★Mauremys aristotelica Vlachos, Sterli, Syrides, Vasileiadou, 2019a

Type Material LGPUT GAS 34 (holotype), partial carapace and plastron (Figs. 2 
and 3 in Vlachos et al. 2019a; Fig. 4a).

Type Locality Gefira-2 (GAS-2) sandpit, near Gefira village, lower Axios valley, 
northern Greece, Pliocene.

Distribution Besides its type locality, this species is found in several localities in 
the latest Miocene/earliest Pliocene of Northern Greece (Appendix).

Taxonomic Remarks This turtle is clearly a member of Geoemydidae because of 
the presence of anterior and posterior musk duct foramina, a neural series of a quad-
rangular neural I followed by anterior short-sided hexagonal neurals, wide and flat 
rib heads near the neural/costal suture, and divided last marginals whose sulcus 
expands onto the suprapygal II.  The combination of characters like the contact 
between vertebral I and marginal II, an entoplastron crossed by the humero-pectoral 
sulcus on its posterior part, short anal scutes, and a deep and rounded anal notch, 
allows its attribution to the genus Mauremys. This species is characterized by four 

Fig. 4 a LGPUT GAS 34 (holotype) partial carapace of Mauremys aristotelica in dorsal view 
(scale bar equals 5 cm), b reconstruction of Mauremys aristotelica, showing the hypothesized shell 
coloration that could have served as a camouflage for this species (drawing: Jorge González, 
Argentina)
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extremely wide vertebral scutes which almost reach the marginals; this morphology 
distinguishes this taxon from other Mauremys and geoemydid taxa with wide verte-
bral scutes (see Vlachos et al. 2019a for detailed comparisons).

Comments Mauremys aristotelica comprises the only turtle taxon from Greece 
with such wide vertebral scutes, and its fossils can be easily distinguished even with 
isolated plates (e.g., Maramena material in Georgalis et  al. 2019b). In the past, 
numerous geoemydids from the Neogene of Eurasia have been named and described 
with such scutes, but mostly attributed to other genera like Sarmatemys, Sakya, 
Clemmydopsis, Melanochelys, and Shansiemys. In some cases, the morphology 
radically differs from “regular” geoemydids, not only because of the great width of 
the scutes but also because some anterior pleural scutes might be missing (e.g., 
Clemmydopsis) or supernumerary pleural scutes were present (e.g., Sakya). It is not 
strange, therefore, why the dominant idea was that these taxa represented distinct 
lineages that developed wide vertebrals separately. However, the recent phyloge-
netic analysis by Vlachos et al. (2019a) demonstrated that it is more parsimonious 
to consider that the wide vertebrals occurred once and all these peculiar morpholo-
gies are autapomorphies of the various species. We also argued and speculated that 
this morphology could be a result of heterochronic changes to retain longer the 
juvenile pattern of wider vertebrals with darker coloration, as a kind of camouflage 
(Fig.  4b). It is, therefore, quite intriguing to investigate further the anatomy and 
evolutionary history of these geoemydids with wide vertebrals.

◉Mauremys rivulata (Valenciennes in Bory de Saint-Vincent, 1833)—western 
Caspian turtle

Nomenclatural and Taxonomical History The original name and combination is 
Emys rivulata, published by Valenciennes in 1833 in loose leaf with sets of plates 
(see TTWG 2017, and references therein). Since then, a long nomenclatural and 
taxonomical history is recorded, summarized in Mantziou and Rifai (2014) and 
TTWG (2017), and is beyond the scope of this chapter.

Type Material Unspecified.

Type Locality Originally not designated, but subsequently referred, as near 
Methoni (Modona), Peloponnesus (see TTWG 2017 and references therein).

Distribution Extant Mauremys rivulata shows a South Balkan-southeastern 
Europe-eastern Mediterranean distribution (see Mantziou and Rifai 2014). In the 
Greek fossil record, this species is known from the Pleistocene of Crete (various 
localities) and Kos, as well as the Peloponnesus peninsula; it is further reported in 
the recent deposits of Vraona Cave in Attica (Appendix).

Taxonomic Remarks The fossils of Mauremys are relatively easily distinguished 
from those belonging to Emydidae (see above). The fossils from Greece attributed 
to M. rivulata present all the morphological characters of this species, including the 
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hexagonal neurals with short anterolateral sides; the entoplastron being covered by 
the gular, humeral, and pectoral scutes; the absence of hyo-hypoplastral hinge; and 
the deep and rounded anal notch. The presence of narrow vertebral scutes allows a 
clear distinction from M. aristotelica. The distinction between the extant M. rivu-
lata and M. caspica is not possible to be made with the information preserved in the 
fossils, as the extant species are morphologically distinguished mainly by their col-
oration pattern (see Fritz et al. 2008)—the rest of the anatomy of plates and scutes 
is virtually identical. As such, the attribution of the Greek Pleistocene–Holocene 
material to M. rivulata is made based on biogeographic considerations as well.

Comments Although there is some hybridization between the two eastern 
Mediterranean Mauremys, namely, Mauremys rivulata and Mauremys caspica, it is 
now clear the area of South Balkans is inhabited by M. rivulata, whereas M. caspica 
is distributed in Asia Minor, Middle East, and further to the east (Fritz et al. 2008, 
Vamberger et al. 2017, and references therein). A notable finding is that hybridiza-
tion between the two extant species is limited and localized, and the distribution of 
M. rivulata is modeled to be quite similar to its actual one at least since the Last 
Glacial Maximum (Vamberger et al. 2017). Based on all the above, I think that it is 
safe to assume at least the Pleistocene fossil record of Mauremys in Greece can be 
attributed to the extant M. rivulata.

Testudinidae Batsch, 1788
Testudininae Batsch, 1788

Type Genus Testudo Linnaeus, 1758.

Comments Derived tortoises of the clade Testudininae comprise various extant 
and extinct species that were formerly included in the so-called Testudo and 
Geochelone complexes (Fritz and Bininda-Emonds 2007). During the recent years, 
based both on molecular and morphological evidence, the composition of both com-
plexes has been clarified and the inclusion of extinct taxa has been clearer: tortoises 
formerly included in Geochelone are members of Geochelonini (i.e., the unranked 
clade Geochelona sensu Vlachos and Rabi 2018), and those formerly included in 
Testudo are members of Testudinini (i.e., the unranked clade Testudona Parham in 
Parham et al. 2006). The use of both Geochelone and Testudo has been restricted to 
much more exclusive clades, although still some points are up to debate (e.g., the 
extent and definition of Testudo in respect to Chersine hermanni; Fritz and Bininda- 
Emonds 2007). The Greek fossil record is composed of testudininan species from 
both main clades—geocheloninans do not, however, contribute to the extant tortoise 
diversity of the country. Members of Testudininae are easily distinguished in the 
fossil record based on several synapomorphies from the shell, including a well- 
developed epiplastral lip; well-developed anterior and posterior buttresses; coinci-
dence between the costo-peripheral suture and pleuro-marginal sulci; presence of a 
supracaudal scute; and short pectoral scutes, shorter than half of the medial length 
of hyoplastra.
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Geochelonini Crumly in Swingland and Klemmens, 1989

Comments The members of Geochelonini represented in the Greek fossil record 
can be easily distinguished from those belonging to Testudinini (see below) based 
on several characters from the shell: large size, with individuals that reach or exceed 
one meter in carapace length; absence of cervical scute; contact between marginal 6 
and pleural 3; and absence of a plastral hinge.

Titanochelon Pérez-García & Vlachos, 2014

Type Species Testudo bolivari Hernández-Pacheco, 1917.

Included Taxa This genus includes all post-Paleogene large-sized tortoises from 
the European continent without a cervical scute (Pérez-García and Vlachos 2014), 
formerly included in the wastebasket extinct genus Cheirogaster Bergounioux, 
1935. The Greek fossil record contains at least two different species of titanoche-
lons, the Pliocene Titanochelon bacharidisi and the Late Miocene Titanochelon 
schafferi.

Comments TEWG (2015) suggested that the gender of Titanochelon is feminine, 
thus suggesting some mandatory changes in the terminations of the combined spe-
cific names. Actually, the name falls within the category of a genus group name 
formed by a Greek word Latinized with a change of ending (-chelon instead of the 
feminine -chelone) and should take the gender appropriate to the changed suffix 
(ICZN, Art. 30.1.3). Thus, the name Titanochelon should be considered of neuter 
gender; the names of the Greek species are not affected because they are based on 
personal names. Besides the occurrences in Northern Greece and Samos Island that 
can be identified to a species-level, several other localities contain occurrences of 
titanochelons that can be only identified to a genus-level (Appendix): the famous 
Late Miocene site of Pikermi and its neighboring Liossati; the Late Miocene sites 
Kryopigi and Fourka in Chalkidiki, Northern Greece; various sublocalities in the 
Pliocene site of Milia (Grevena); and the Vatera F-site in Lesvos Island. These frag-
mentary occurrences are important to be further investigated in the future, to pro-
vide further support on the biogeographic distinction of the two giant tortoise taxa 
from Greece, as suggested below. Selected Titanochelon specimens are shown in in 
Fig. 5.

★Titanochelon bacharidisi (Vlachos, Tsoukala, Corsini, 2014)

Nomenclatural and Taxonomical History Cheirogaster bacharidisi in Vlachos 
et al. 2014 (new species); Titanochelon bacharidisi in Pérez-García and Vlachos 
2014 (new combination).

Type Material LGPUT EPN 100–199 (holotype), an almost complete skeleton of 
a female giant tortoise (Figs. 3 and 4 in Vlachos et al. 2014; Fig. 5a–c).

Type Locality Epanomi, Western Chalkidiki, Greece; Gonia Formation, Pliocene.
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Fig. 5 Selected specimens of giant tortoises from Greece. a–e Titanochelon bacharidisi from the 
Pliocene of Northern Greece (a–b LGPUT EPN 102, holotype skull in dorsal and ventral view, c 
LGPUT EPN 101, holotype plastron in visceral view, d–e LGPUT KLK 504–528, articulated right 
posterior limb in dorsal and posterior view), f–i Titanochelon schafferi from the Late Miocene of 
Samos (f–g NHMW 2009z0103/0001, lectotype skull in dorsal and ventral view, h AMNH 1878, 
left humerus in posterior view, i NHMW 1911/0005/0275, paralectotype left femur in anterior 
view). Scale bar equal 5 cm
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Distribution Latest Miocene to Pliocene of circum-Thermaikos Gulf area 
(N. Greece) and Late Pliocene of Bulgaria (Stojanov 2009; Vlachos et al. 2014).

Taxonomic Remarks This species is a member of the derived geocheloninan 
clade Titanochelon, sharing several characters with other titanochelons, including 
presence of frontals narrower than prefrontals, a long crista supraoccipitalis, the 
presence of an elliptical to circular premaxillary pit, two suprapygals, the first sur-
rounding the lenticular second one, absence of cervical scute, a convex to flat dorsal 
lip of the epiplastra, a humero-pectoral sulcus that is perpendicular to the axial 
plane in the medial region, but with a well-developed lateral change of curvature, 
very short pectoral scutes in the sagittal plane, but markedly expanded, toward the 
anterior region, laterally. Among other titanochelons, Titanochelon bacharidisi is 
diagnosed because of the position of the fossa orbitalis in the midway between the 
apertura narium externa and the posterior tip of the squamosal; a zygomatic arch 
that is thick and short; squamosal processes converging posteriorly toward the mid-
line; extended ventral emargination, short gulars contacting the anterior part of the 
entoplastron, which is covered medially only by humeral scutes; and its posterior 
border coinciding with the humero-pectoral sulcus. This species was also character-
ized by the presence of at least one conical, bony, thigh tubercle on each side of the 
tail (found in anatomical position in the Nea Kallikratia material shown in Fig. 5d 
and isolated in the Epanomi holotype), similar to the morphology of the extant 
African spurred tortoise (Centrochelys sulcata).

Comments This species is based on several complete skeletons from Western 
Chalkidiki, on the eastern side of the Thermaikos Gulf, in Thessaloniki (Vlachos 
et al. 2014; Vlachos 2015). Besides these materials, the giant tortoise fossils from 
the historical locality “Falaise de Karabouroun”1 (in Arambourg and Piveteau 1929) 

1 Arambourg and Pivetaeu (1929) mention only three occurrences of turtles in their work, which 
have created some confusion in the literature (Lapparent de Broin 2002; Georgalis & Kear 2013, 
Vlachos et al. 2014). From the locality “Ravin de Vatilük” (which corresponds to Vathylakkos-3), 
they mention a “Testudo of large size,” whereas from “Falaise de Karabouroun” (which corre-
sponds to a locality around Megalo Emvolon), they mention a “Testudo of medium size” and a 
“Testudo sp.”—these two localities are located in different basins and are of Late Miocene and 
Pliocene age, respectively. This material is now stored in MNHN. If we are to make sense of these 
occurrences, I trust two lines of evidence: the exact wording of the occurrences in the original text 
and the accompanying label information of these fossils in MNHN. First, plate I in Arambourg and 
Piveteau (1929) depicts a block of bones from Vathylakkos. The caption states that a Testudo is 
present among these bones, referring to a leg osteoderm and a pelvis of giant tortoise; this speci-
men forms part of the exhibition of the MNHN. On the other hand, plate XII contains a partial 
skull, a radius, and ulna, referred to Testudo sp. (note: as the occurrence from Falaise de 
Karabouroun); but the plate is cited in the text as “Testudo of large size” (note: as the occurrence 
from Vathylakkos). These bones, and other giant tortoise bones as well of similar morphology, 
form part of the MNHN collections and are accompanied by labels (old and new) that only state 
“Karabouroun” as the locality—conveniently, Lapparent de Broin (2002) only states Thessaloniki 
as the locality, with a Late Miocene age. These bones are of similar size, color, and morphology as 
all other giant tortoise fossils from Western Chalkidiki. Based on all the above, my interpretation 
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can be conferred to this species (Vlachos 2015). Outside Greece, this species can be 
identified in the Pliocene of Bulgaria (Stojanov 2009, re-identified in Vlachos et al. 
2014 and Vlachos 2015). This is a giant tortoise that was smaller in size than its Late 
Miocene predecessors in Greece and a species that shows numerous differences in 
skull and shell morphology. It is certainly the most complete giant tortoise taxon 
from Greece and one of the most complete in Europe. Its distinction from the Late 
Miocene Titanochelon schafferi from Samos (see below) agrees with the current 
views regarding the differences of the South Balkan and Asia Minor faunas 
(Kostopoulos 2009). Thus, considering that Lesvos Island still formed part of the 
Asia Minor in the Early Pleistocene, the giant tortoises from Thermaikos Gulf prob-
ably represent the last giant tortoises in the South Balkans.

★Titanochelon schafferi (Szalai, 1931)

Nomenclatural and Taxonomical History Testudo schafferi in Szalai, 1931 (new 
species); ?Geochelone schafferi in Auffenberg, 1974 (new combination); 
?Cheirogaster schafferi in Lapparent de Broin, 2001 (new combination); 
Titanochelon schafferi in Pérez-García and Vlachos, 2014 (new combination). In 
numerous works, Chkhikvadze (2001, 2006, 2007) identified the Samos giant 
 tortoise material in AMNH as part of ?Centrochelys natadzei from the Late Miocene 
of Georgia, but we have recently showed that the Georgian species is quite different 
from the Samos one (Vlachos et al. 2019c).

Type Material NHMW 2009z0103/0001 (lectotype), a complete skull (Fig. 5f–g).

Type Locality Samos, precise locality unknown; Mytilini Formation, Late 
Miocene, late MN11 to early MN13.

Distribution Besides its type locality and other coeval localities in Samos, this 
species is also identified by Vlachos et al. (2019c) in the Late Miocene of Turkey.

Taxonomic Remarks This large giant tortoise that could reach 180 cm in length is 
a member of Titanochelon clade based on a series of characters: frontals narrower 
than prefrontals; long crista supraoccipitalis; circular pit in the premaxillae in ven-
tral view; angle of the gularo-humeral sulcus and the sagittal axis higher than 45°; 
humero-pectoral sulcus perpendicular to the axial plane with a well-developed lat-
eral change in curvature; short pectoral scutes; and curved diaphysis of the humerus. 
It differs from other members of this clade based on the following combination of 
characters: short anterior part of the cranium relative to the posterior part, with the 

(stated already in Vlachos et al. 2014, Vlachos 2015) is that the giant tortoise fossils in MNHN 
come from the Pliocene of Karabouroun (= Megalo Emvolon). The occurrence of a giant tortoise 
in Vathylakkos is confirmed but corresponds to the two specimens from the bone conglomerate of 
plate I in Arambourg and Piveteau (1929). This occurrence is marked in Appendix as Titanochelon 
sp. The “Testudo of medium size” is not controversial and refers to the small testudinid from the 
locality (Appendix).
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fossa orbitalis as a reference; reduced lower temporal emargination; straight crista 
supraoccipitalis; entoplastron not covered by gular scutes; humero-pectoral sulcus 
posterior to the entoplastron; humerals expanded on the posterior epiplastra; asym-
metrical distal parts of the humerus; and broad fused medial and lateral centrale. 
See Vlachos et al. (2019c) for further information.

Comments Our knowledge on the anatomy and phylogenetic relationships of the 
Samos giant tortoise has improved enormously recently with the description of, 
probably, all the known material coming from the so-called old collections in the 
island (Vlachos et al. 2019c). We are, therefore, much more confident to claim the 
distinction of this species from Titanochelon bacharidisi from the Pliocene of 
Greece (see above). Also, Ti. schafferi can be confidently identified in the Miocene 
of mainland Turkey as well (Late Miocene of Konya-Hatunsaray-Kayadibi). Still, 
we do not know if Ti. schafferi was the sister species of Ti. bacharidisi; the missing 
carapace in the Samos taxon and the conflicting skull characters hinder phyloge-
netic resolution. However, both taxa are of crucial importance for understanding the 
evolution, and ultimately the extinction, of this clade in eastern Mediterranean.

Testudinini Batsch, 1788

Comments The members of Testudinini represented in the Greek fossil record can 
be easily distinguished by those belonging to Geochelonini (see above) based on 
several characters from the shell: small size, with individuals do not exceed 50 cm 
in carapace length; presence of cervical scute; no contact between marginal 6 and 
pleural 3. Selected testudininan specimens from Greece are shown in Fig. 6.

“Testudo” aff. antiqua Bronn, 1831

Referred Material AMPG 1999, an almost complete carapace, and GNHM 22, 
the anterior half of a carapace and plastron (see Vlachos et al. 2019c:fig. 2).

Distribution This taxon is known certainly from the Late Miocene (late MN11–
early MN13) of Samos Island.

Fossilized Eggshells of Giant Tortoises
Besides the occurrences of titanochelons mentioned above, the Greek fossil 
record contains at least two examples of fossilized eggs and eggshell speci-
mens that could be attributed to giant tortoises. A clutch of at least five chelo-
nian eggs is known from limit Miocene/Pliocene of Pylea (Northern Greece; 
del Campana 1919; Vlachos et al. 2015a), followed by a recent discovery of 
another clutch from the Early Pliocene of Apolakkia in Rhodes Island 
(Mueller-Töwe et  al. 2011) (Appendix). They have been attributed to the 
ootaxon Testudoolithidae, although only the Apolakkia specimens have been 
properly analyzed with X-ray diffraction specters that confirmed the typical 
aragonite content of chelonian eggshells.
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Fig. 6 Selected small-sized testudinids from Greece. a–b LGPUT MP 40, partial shell of Chersine 
hermanni from the ?Pleistocene of an unknown precise locality in Chalkidiki in dorsal and ventral 
view; c LGPUT MIL 495 (holotype), partial carapace of Testudo brevitesta from the Late Pliocene 
of Milia in dorsal view; d–e NHMW 1980z0069/0000, shell of Testudo graeca from the Pliocene 
of Megalo Emvolon in dorsal and ventral view; f–g AMPG 3/1974 (holotype of Te. m. cretensis), 
partial shell of Testudo marginata from the Pleistocene of Gerani Cave (Crete) in dorsal and ven-
tral view; h–k selected shell specimens of Testudo marmorum from the Late Miocene of Pikermi 
(h–i MNHN PIK 3683a, lectotype in dorsal and ventral view, j MNHN PIK 3863b, paralectotype 
in dorsal view, k AMPG 1970d referred specimen in ventral view). Scale bars equal 5 cm
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Taxonomic Remarks The combined morphology of these two shell remains from 
Samos presents an interesting combination of characters: there is a symmetrical 
contact between costal VII and suprapygal I, enclosing costal VIII (in AMPG 1999), 
and long medially pectoral scutes that are just over half that of the medial hyoplas-
tral suture (in GMNH 22). This combination of characters could allow the distinc-
tion of a new species, which could represent a basal testudininan or a stem Testudo 
(see Vlachos et al. 2019c). But the fact that the two characters are observed in two 
different specimens of unclear association and unprecise stratigraphic position, this 
taxon remains with open nomenclature. As the costal configuration is observed in at 
least one specimen of “Testudo” antiqua from Germany as a teratomorphy (see 
Corsini et al. 2014:952, fig. 2.1), the open nomenclature specific prefix “aff.” is used 
to denote taxonomic novelty, with reference to “Te.” antiqua for the abovemen-
tioned morphological similarity—this should not be confused, however, as an argu-
ment of close relationship between the Samos small testudinid and “Te.” antiqua.

Comments It is possible that the material reported by Paraskevaidis (1940) from 
the Middle Miocene of Chios Island belongs to this taxon as well. This material 
comprises two endocasts (steinkerns) of turtle shells and currently is lost, but the 
reconstructed morphology is similar to the Samos taxon (see Vlachos et al. 2019c:fig. 
9). But as we are unable to study the original specimens—which also did not pre-
serve any bone rather than the imprints of plates—this material is currently identi-
fied as cf. “Testudo” sp., pending future discoveries that might clarify the situation. 
Overall, none of the character states that characterize this taxon have been observed 
in the small testudinid occurrences of the continental Greece, which all appear to 
represent more derived Testudo species.

◉Chersine hermanni Gmelin, 1789—Hermann’s tortoise

Nomenclatural and Taxonomical History Originally, this species was combined 
with Testudo. Mainly because of the absence of a hypo-xiphiplastral hinge in the 
plastron—a character that defines a “true” Testudo or Testudo s.s.—Hermann’s tor-
toise has suffered numerous generic combinations. The latest attempt involved the 
erection of a new genus, Eurotestudo Lapparent de Broin et al., 2006, for this spe-
cies, but Fritz and Bininda-Emonds (2007) and Bour and Ohler (2008) argued that 
the name Chersine Merrem, 1820, was available for this species.

Type Material Strasbourg University Zoological Museum 121 (Bour 1987).

Type Locality Collobrières, Var, France (fixed by Bour 1987).

Distribution This species has an extended extant distribution along the coastlines 
of north Mediterranean. The subspecies Ch. h. boettgeri is mainly found in the 
Balkan peninsula, whereas the subspecies Ch. h. hermanni is mainly distributed in 
Italy (including Sicily and Sardinia) and the coasts of France (including Corsica) 
and Spain (including Baleares) (see TTWG 2017 for details). In the past, the distri-
bution of this species was much more extensive in continental Europe (Lapparent de 
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Broin 2001), reaching even as north as Scandinavia during the warmer parts of the 
Holocene (see Sommer et al. 2007 and references therein). In the fossil record of 
Greece, it is known only from the latest Pleistocene to Early Holocene of Franchthi 
Cave and from an unknown locality from the ?Pleistocene of Chalkidiki.

Taxonomic Remarks Within the more inclusive Testudo clade (or Testudo s.l.), 
fossils of the Hermann’s tortoises are easily distinguished by those of the derived 
Testudo, because of the absence of a hinge between the hypoplastra and the xiphi-
plastra. Another character that is quite useful, especially when working with iso-
lated fragments, is the presence of marginals XII crossing the pygal plate.

Comments The fossils of this taxon are quite scarce in the fossil record of Greece. 
There is an almost complete specimen from the ?Pleistocene of an unknown precise 
locality in Chalkidiki (Fig. 6a–b), but as we do not have detailed information on its 
geographical and stratigraphical position, this specimen is not so useful to draw 
broader conclusions. The other occurrence of this taxon is from Franchthi Cave. 
This material is placed in a well-defined stratigraphical and chronological context 
and is thought to represent remnants of the food remains from small game prey of 
the humans that inhabited the cave. Although Chersine hermanni has an extensive 
temporal presence in the Franchthi Cave (throughout the dated deposits), it is usu-
ally represented by a single individual in each level. The absence of other occur-
rences of this species in the pre-Late Pleistocene fossil record (which is dominated 
by hinged Testudo spp.) could provide a constraint for the timing of the colonization 
of South Balkans by Hermann’s tortoise (Lenk et al. 1999; Fritz et al. 2007a).

Testudo Linnaeus, 1758

Type Species Testudo graeca Linnaeus, 1758.

Included Taxa Extant members of Testudo include the Testudo graeca complex 
(with at least five subspecies), Testudo marginata, and Testudo kleinmanni. Several 
extinct species have been named or considered as members of Testudo, but few of 
them can actually be demonstrated to be members of this clade (see Luján et al. 
2016; Vlachos and Rabi 2018). It is however clear that this clade has a fossil record 
that extends at least till the Late Miocene, as the Late Miocene Testudo marmorum 
and Testudo hellenica from Greece are certainly the oldest members of this clade.

Comments The concept of Testudo herein is kept in its strict sense, i.e., including 
only these testudininans with a hypo-xiphiplastral hinge that can be clearly grouped 
with Testudo graeca under a cladistic context. Other extant small testudinids that 
have been traditionally under Testudo (hermanni, horsfieldii) are considered as part 
of distinct genera, Chersine and Agrionemys, respectively. These genera are consid-
ered as subgenera of Testudo by Luján et al. (2016).

★Testudo brevitesta Vlachos and Tsoukala, 2016
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Nomenclatural and Taxonomical History Testudo brevitesta (new species in 
Vlachos and Tsoukala 2016); Testudo (Testudo) brevitesta (referral to the subgenus 
level in Luján et al. 2016).

Type Material LGPUT MIL 495, partial carapace (Fig. 2 in Vlachos and Tsoukala 
2016; Fig. 6c).

Type Locality Milia 4, Municipality of Grevena, Greece, Late Pliocene, MN16a.

Taxonomic Remarks This is a small-sized testudinid that is closer morphological 
to the extant Testudo marginata in having a posteriorly flared carapacial border, but 
without the elongation of the posterior carapace seen in the marginated tortoise.

Comments This species was recovered in conflicting phylogenetic positions in 
Vlachos and Tsoukala (2016), either as the sister of Testudo marginata or in a more 
derived position just basal to Testudo marmorum and Testudo kleinmanni. Shortly 
after, Luján et al. (2016) included this taxon in a new matrix that was more focused 
in resolving the interrelationships within Testudinini and recovered Testudo brevit-
esta as the sister of Testudo marginata, forming a clade that is sister to Testudo 
marmorum. This topology makes sense from a temporal point of view.

◉Testudo graeca Linnaeus, 1758—the Mediterranean spur-thighed tortoise

Type Material The holotype of Testudo graeca Linnaeus, 1758, is the specimen 
figured by Edwards and reproduced also by Bour (1987:fig. 1). The lectotype of 
Testudo ibera Pallas, 1814, is the specimen figured by Pallas (1814:pl. II, fig. 22–3), 
reproduced also by Bour (1987:fig. 3).

Type Locality The locality of the type of Te. graeca of Edwards is Santa Cruz near 
Oran, Algeria. The type locality of Testudo ibera was first reported as the area of 
southern Caucasus and the southern coast of Crimea but later restricted to Tbilisi, 
Georgia, by Bour (1987; see also TTWG 2017 and references therein).

Distribution This species, and according to the various concepts of authors, is 
divided in several subspecies occupying collectively the circum-Mediterranean area 
(Fritz et al. 2007b, 2009; TTWG 2017; and references therein). At present, the sub-
species Testudo graeca ibera is currently distributed in Central Macedonia and 
Thrace, with the present-day Axios River as a boundary. The rest of the continental 
Greece is occupied by Testudo marginata, although there is a sympatric area in 
Central Macedonia (TTWG 2017). The earliest fossils of this species can be traced 
in the Late Miocene of Platania (Drama). During the Pliocene the species is found 
in several localities in Northern Greece (Pylea, Allatini, Megalo Emvolon), whereas 
in the Pleistocene it is also identified in Lesvos Island and in Petralona Cave 
(Appendix). It is worthy to note that the currently known distribution of this species 
in the fossil record of Greece is in good accordance with the extant distribution of 
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Te. g. ibera, i.e., not found in continental Greece beyond Axios River in Thermaikos 
basin (Central Macedonia).

Taxonomic Remarks The Greek fossils are herein attributed simply to the Testudo 
graeca complex, without any attempt to define it to a subspecific level in the lack of 
clear morphological characters. Coloration and the presence of keratinous thigh 
spurs are used to distinguish extant specimens, but these characters cannot be used 
in the fossil record. The presence of a cervical scute, the pattern of the neural plates 
being alternatively rectangular/octagonal, the coincidence of the costo-peripheral 
suture and the pleuro-marginal sulci, and the gulars that cover the anterior part of 
the entoplastron are characters diagnostic to the generic level, whereas the wide 
vertebrals (as opposed to the narrower vertebrals of Chersine), the presence of a 
hypo-xiphiplastral hinge, the posterior lobe being formed entirely by the xiphiplas-
tra, and the absence of elongated posterior carapace (as opposed to the elongated 
carapace of Te. marginata) and posteriorly flared posterior peripherals (as opposed 
to Te. marginata and Te. brevitesta) allow a clear attribution of several fossil shells 
from Greece to the Te. graeca complex (e.g., Fig. 6.d–e).

Comments Two specimens from Pylea and Allatini, Northern Greece, have been 
previously attributed to the Italian taxon Testudo amiatae by del Campana (1917) 
and Bachmayer and Symeonidis (1970), respectively. The revised information on 
the morphology of Te. amiatae showed that there is no hinge between the hypoplas-
tra and xiphiplastra. Similarly, the revision of the Greek specimens attributed to Te. 
amiatae by Vlachos et  al. (2015a) indicated the clear presence of a hypoplastral 
hinge in the Pylea specimen, and the morphology of both specimens is consistent 
with the anatomy of the Testudo graeca complex. As such, the occurrence of the 
Italian Te. amiatae in Greece is refuted, and the presence of the aforementioned spe-
cies is restricted to Tuscany (Italy; see Vlachos et al. 2015a for further information). 
Based on molecular clock analyses, the existence of the total clade of Testudo 
graeca complex clade ranges from the Late Oligocene (Pereira et al. 2017; global 
phylogeny of turtles) to the Late Miocene (Fritz et al. 2009; phylogeny restricted to 
Testudinidae); this is of course because of the taxon sampling and the selected cali-
bration points. The oldest possible Testudo graeca from Greece is traced at the Late 
Miocene of Platania (Drama, Vlachos and Tsoukala 2014; as Testudo cf. graeca), 
although there are older mentioned occurrences in the Middle Miocene of Turkey 
(Staesche et al. 2007), which are nevertheless based on quite fragmentary material 
and their identification is only tentative.

★Testudo hellenica Garcia, Pinton, Valentin, Kostopoulos, Merceron, de Bonis, 
Koufos, 2020

Nomenclatural and Taxonomical History Testudo hellenica (nomen nudum in 
García et al. 2017); Testudo hellenica (new species in García et al. 2020).
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Type Material LGPUT RPL 216 (holotype), an almost complete carapace (García 
et al. 2020:fig. 3).

Type Locality Ravin de la Pluie, lower Axios valley; Nea Messimvria Formation, 
Late Miocene, Vallesian, MN10.

Taxonomic Remarks The presence of the hypo-xiphiplastral hinge clearly places 
this taxon within crown Testudo. A combination of characters, including the tecti-
form shape of the carapace, the quite long and rounded epiplastral lip, and the 
suprapygal configuration with a straight suture between the two suprapygals (see 
Garcia et al. 2020), supports its distinction within known members of Testudo.

Comments The first mention of this species was made in an abstract (García et al. 
2017), which fails to conform with the requirements of the ICZN; as such Testudo 
hellenica García et al., 2017, is a nomen nudum. However, the name is available and 
was used subsequently by the same authors and for the same concept (García et al. 
2020). The phylogenetic analysis of Garcia et al. (2020) places Te. hellenica as the 
sister to the so-called Chersus clade, which comprises {Te. marmorum {Te. brevit-
esta + Te. marginata}}. Thus, it is placed deep within crown Testudo, which in turn 
would place the origin of Te. kleinmanni and Te. graeca lineages prior to the 
Vallesian. This is the oldest occurrence of a crown Testudo known to date.

◉Testudo marginata Schoepff, 1793—the marginated tortoise

Type Material Strasbourg University Zoological Museum (MZS) 143 (lectotype 
designated by Bour 1987).

Type Locality Central Greece (restricted by Bour 1987).

Distribution Extant Testudo marginata is mainly distributed in continental Greece 
and some Aegean Islands, as well as in Albania (TTWG 2017). In the Greek fossil 
record, it is found within its extant range but also in various localities of Crete and 
Tilos Islands (Appendix).

Taxonomic Remarks This is a species that is easily distinguished from other 
hinged Testudo, based on its larger size, the elongated posterior part of the carapace, 
and the posteriorly flared and elongated posterior peripheral plates.
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Comments Although found in several localities in continental Greece, the most 
important fossils of the marginated tortoise are known from Crete Island (Fig. 6f–g). 
A series of characters led Bachmayer et al. (1975) to propose a new subspecies for 
the Cretan populations of marginated tortoises, but I believe that they are not enough 
to support this distinction (see inset below).

★Testudo marmorum Gaudry, 1862

Type Material MNHN PIK 3683a (lectotype by subsequent designation of 
Vlachos et  al. 2019b), a partial shell (Fig.  3.A–G in Vlachos et  al. 2019b; 
Fig. 6h–i).

Type Locality Pikermi, Attica, Greece; classical layers, 7.33–7.29  Ma, Late 
Miocene, Late Tortonian (MN12).

★Testudo marginata cretensis Bachmayer et al., 1975
[subjective junior synonym of Testudo marginata]

Type Material AMPG 3/1974, an almost complete shell (Bachmayer et al. 
1975, Figs. 2, 4–6, Pls. 19–23; Fig. 6f–g)

Type Locality Gerani IV Cave, Crete Island; Pleistocene
Distribution This subspecies has been identified in several other caves in 

Crete, but all these fossils are considered herein as Testudo marginata 
(Appendix).

Comments All the diagnostic characters given by Bachmayer et al. (1975) 
to support the validity and distinction of this subspecies are shown as incor-
rect or part of the variation of non-Cretan marginated tortoises as well 
(Vlachos 2015). The supposed quadrangular neural 1 is actually hexagonal 
with short postero-lateral sides (as in many other marginated tortoises and 
including the one shown by Bachmayer et al. 1975:fig. 3). The octagonal neu-
ral 2 is of no diagnostic value, as most testudinids show this condition. The 
third (pygal of equal dimensions) and fourth (narrow gulars) characters are 
quite variable in all Testudo marginata material. A recent attempt to define 
another species within T. marginata was by Bour (1996) with the erection of 
a “dwarf” species of T. marginata, named Testudo weissingeri. But mitochon-
drial studies (Fritz et al. 2005) do not support this distinctiveness. Based on all 
the available evidence, it seems that the small differences observed in the 
Gerani and Zourida specimens are not adequate enough in order to success-
fully distinguish the Crete tortoises from T. marginata.
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Distribution Besides its type locality, this species is further referred from the Late 
Miocene of Nikiti-2 in Chalkidiki and possibly in Halmyropotamos, as well as in 
Azmaka (Bulgaria).

Taxonomic Remarks Testudo marmorum is clearly distinguished by other Testudo 
based on the following combination of characters: cervical scute is short and nar-
row, vertebral 1 is lyre-shaped, pleural 1 covers the lateral parts of the nuchal, there 
is no coincidence between the anterior pleuro-marginal sulci and the costo- 
peripheral suture and the first two marginals expand on the costal 1, suprapygal 1 is 
boomerang-shaped embracing the smaller suprapygal 2, and gular scutes are short 
and cover the anterior part of the entoplastron (Vlachos et al. 2019b).

Comments Although Testudo marmorum is the first fossil turtle species to be 
named from Greece, its anatomy and phylogenetic relationships have only recently 
been reviewed (Vlachos et al. 2019b). The revision of previously published (MNHN 
type specimens, AMPG referred specimens; e.g., Fig. 6h–k) and the description of 
new specimens (NHMUK) from Pikermi revealed the possibility of variability in 
the presence and morphology of the plastral hinge. Some specimens from Pikermi 
(AMPG collection) do not show the typical mobile posterior lobe. The two possible 
explanations are either the presence of a different, hingeless species, or these dis-
tinct morphologies are included within the variability of the species (Vlachos et al. 
2019b). If the latter scenario is true, this is probably an expression of the sexual 
dimorphism in Te. marmorum, where female individuals are hingeless—this is the 
opposite in extant Chersine hermanni. However, having the hypoplastral hinge vari-
able in Te. marmorum challenges its traditional placement within crown Testudo, as 
its plesiomorphic (within Testudo) characters would favor the placement of this 
taxon along the stem of Testudo. With at least 17 individuals referred to this spe-
cies—ranging from complete to partial shells, without any other skeletal remains—
Te. marmorum is the fossil turtle taxon with the most abundant material in Greece.

6  Concluding Remarks

Specific interest on the turtle fossils from Greece during the last decade has improved 
significantly our knowledge of the diversity, alpha taxonomy, and distribution of 
this important vertebrate group in the country. With at least 68 occurrences, turtles 
are among the richest vertebrate clades (at order level) in Greece, albeit less diverse 
than others (e.g., some carnivoran orders, fishes, and squamates). Nevertheless, at 
least 14 species have been identified, more than half of them belonging to terrestrial 
turtles or tortoises. This might be, of course, the result of bias toward terrestrial fos-
sil localities, but Testudinidae is the most diverse extant family of turtles in Greece 
as well. Besides the marine turtles, all native extant species of Greece have been 
identified in the fossil record. Both testudinids and geoemydids have been identified 
with confidence at least since the Late Miocene, whereas emydids only since the 
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Pleistocene. Furthermore, several records of soft-shelled turtles have been pub-
lished recently, ranging from the Early Miocene to the Pliocene; this is a clade that 
is currently absent from Greece, although some individuals from Turkey might wan-
der in Greek waters occasionally. Finally, at least one pleurodire species has been 
also reported from Greece. Overall, it seems that both at a family level and at the 
specific level (for some families at least), the diversity was higher in the past. In 
several cases, the Greek fossil record of turtles has made significant impact region-
ally and continentally and has contributed significantly in the advancement of our 
knowledge of the anatomy and evolution of several clades. Hopefully, this increased 
interest in the fossil record of turtles in the country will continue. With this solid 
background on the fossil record of turtles in Greece, I also hope that it will be pos-
sible a complete reevaluation of the turtle occurrences that are being recovered in 
several zooarchaelogical sites.
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Appendix List of the Greek localities containing turtle fossils. Type localities are marked with 
bold. Locality numbers refer to the collection numbers of the PaleoBiology Database (PBDB)

LocalityPBDB No Age (MN; GPTS in Ma) Taxa

Vraona Cave183130 Recent Emys orbicularis1

Mauremys rivulata1

Franchthi Cave182709 latest Pleistocene/ Holocene Chersine hermanni2

Emys orbicularis2

Charkadio Cave182809 latest Pleistocene Testudo marginata3

Gerani IV Cave182810 Pleistocene Testudo marginata
(former T. m. 
cretensis)4

Zourida Cave182811 Pleistocene Testudo marginata4

Liko Cave92902 Pleistocene Testudo marginata5,6

Mauremys rivulata6

Simonelli Cave183124 Pleistocene Testudo marginata5,6

Koumpes I Cave192441 Pleistocene Testudo marginata5,6

Mauremys rivulata6

Mavro Mouri IV192442 Pleistocene Testudo marginata5,6

Mauremys rivulata6

Siteia I202328 Pleistocene Mauremys rivulata5,6

Rethymnon fissure192443 Pleistocene Mauremys rivulata5,6

Bate Cave183122 Pleistocene Testudo marginata7

(continued)
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Appendix (continued)

LocalityPBDB No Age (MN; GPTS in Ma) Taxa

Kos Island192444 Pleistocene Testudo marginata6

Mauremys rivulata6

Megalopolis182721 Pleistocene Emys orbicularis2

Mauremys rivulata2

Xerias182679 Pleistocene Testudo cf. marginata9

Potidea192445 Pleistocene Testudo graeca6

Chalkidiki202329 Pleistocene Chersine hermanni6

Korydallos182753 Pleistocene Testudo sp.10

Lakonia52486 Pleistocene Testudo marginata11

Petralona Cave183123 late M. Pleistocene Testudo graeca6

Kyparissia 1194472 Middle Pleistocene Testudo marginata12

Emys orbicularis12

Kyparissia 3194474 Middle Pleistocene Emys orbicularis12

Kyparissia T194476 Middle Pleistocene Emys orbicularis12

Kyparissia194477 Middle Pleistocene Testudo marginata12

Emys orbicularis12

Choremi 2200080 Middle Pleistocene Emys orbicularis13

Choremi 3200081 Middle Pleistocene Emys orbicularis13

Choremi 4200082 middle Pleistocene Emys orbicularis13

Kalamoto 2200084 Middle Middle Pleistocene Emys orbicularis*

Vatera-F site183341 Early Pleistocene Titanochelon sp.14

Vatera-T site183345 Early Pleistocene Testudo graeca14

Karnezeika202122 Villafranchian Testudines indet.15

Aggelochori/ Megalo Emvolon/ 
Falaise de Karabouroun36579

Pliocene Testudo graeca6

Titanochelon cf. 
bacharidisi6,16

Epanomi182672 Pliocene Titanochelon 
bacharidisi16

Nea Michaniona182674 Pliocene Titanochelon 
bacharidisi16

Nea Kallikratia182673 Pliocene Titanochelon 
bacharidisi16

Gefira-1182685 Pliocene Trionychidae indet.17

Gefira-2196230 Pliocene Mauremys 
aristotelica18

Milia-1a185861 late Pliocene Testudo brevitesta19

Milia-2185862 late Pliocene Testudo brevitesta19

Milia-4182686 late Pliocene Testudo brevitesta19

Milia-5185859 late Pliocene Testudo brevitesta19

Mauremys sp.19

Titanochelon sp.19

Milia-10185860 late Pliocene Testudo brevitesta19

(continued)
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Appendix (continued)

LocalityPBDB No Age (MN; GPTS in Ma) Taxa

Notio 1205081 late Pliocene (MN15) Testudinoidea indet.20,
cf. Testudo sp.20

Vorio 3&3A205086 late Pliocene (MN15) Testudinoidea indet.20

Vorio 2207948 late Pliocene (MN14) Testudinoidea indet.20

Tomea Eksi 3205088 late Pliocene (MN14) Testudinoidea indet.20

Vorio 1205087 late Pliocene (MN14) Testudinoidea indet.20

Apolakkia184242 early Pliocene Testudoolithus sp.21

cf. Testudo sp.21

Allatini182683 latest Miocene/ earliest 
Pliocene

Mauremys 
aristotelica18, 22

Testudo graeca22

Pylea182684 latest Miocene/ earliest 
Pliocene

Testudoolithidae 
indet.22

Testudo graeca22

Nea Silata191612 latest Miocene/ earliest 
Pliocene

Testudo sp.18

Mauremys 
aristotelica18

Maramena32189 latest Miocene/ earliest 
Pliocene (MN13/MN14)

Testudo sp.6, 23

Mauremys 
aristotelica24

?Testudinidae indet.24

Testudines indet.24

Platania182682 late Miocene Testudo cf. graeca25

Kryopigi157582 late Miocene (MN12–13; 
7.3–6.4)

Titanochelon sp.6

Fourka202330 late Miocene Titanochelon sp.6

Vathylakkos 3182750 Middle Turolian (MN12; 
~7.3)

Titanochelon sp.26

Pikermi182754 late Miocene (MN12; 
7.3–7.1)

Titanochelon sp.27, 28

Testudo marmorum27, 

28

Pikermi Valley-1202630 middle Turolian (MN12) Testudo cf. 
marmorum28

Liossati183121 late Miocene Titanochelon sp.28, 29

Halmyropotamos202213 late Miocene (?MN12) Testudo marmorum30

Samos182751/192446 late Miocene Titanochelon 
schafferi6, 31

‘Testudo’ aff. antiqua32

Nikiti-273869 late Miocene (MN 11) Testudo marmorum33

Ravin de la Pluie191070 late Miocene (MN10; ~9.3) Testudo hellenica34

Kastellios205360–205365 late Miocene, late Vallesian, 
MN 10 (9.3–9.1 Ma)

Testudines indet.35

Plakias183151 late Miocene Mauremys sp.36

Trionychidae indet.36

Michalos182752 middle Miocene cf. ‘Testudo’ sp.37
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The Fossil Record of Aardvarks 
(Mammalia: Tubulidentata: 
Orycteropodidae) in Greece

George D. Koufos

1  Introduction

The Tubulidentata or aardvarks (= earth pigs in Afrikaans) are a peculiar group of 
mammals from which only one species, Orycteropus afer (Pallas 1766), is still liv-
ing in Sub-Saharan Africa, from Senegal to Ethiopia, and down to South Africa. 
One of the most distinctive characters of the aardvarks is the structure of their teeth. 
The teeth lack enamel and consist of dentine tubes, connected by cement; this tubu-
lar structure gave the name Tubulidentata to this mammalian order. The premolars 
are peg-like with angular apex (when worn) and the molars are eight-shaped in 
occlusal view. The living O. afer presents a singular body plan with a pig-like body, 
rabbit-like ears, kangaroo-like head, and giant rat-like tail. It is an exceptionally fast 
digger and can open rapidly ant and termite nests to feed on them. The aardvark is 
a nocturnal, solitary, and myrmecophagous animal; with its long and sticky tongue, 
it can collect ten thousand of insects during a night. The oldest-known representa-
tive of the order Tubulidentata comes from the early Miocene of East Africa and 
belongs to the genus Myorycteropus, but its origin, probably in the early Paleogene 
of Africa, remains obscure (Lehmann 2009).

2  Historical Overview

The first collected material of Tubulidentata in Greece originates from Samos and 
has been described as a new species under the name Orycteropus gaudryi by Forsyth 
Major (1888). Colbert (1941) studied the rich collection of cranial and postcranial 
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remains of the Samos aardvark, housed at the American Museum of Natural History 
in New York (Brown collection). New orycteropodid material, collected during the 
new campaigns on the island of Samos from 1994 to 2007, was recently described 
by Koufos (2009). The taxon is also recognized in two localities of the Evia Island, 
but the material is still undescribed (Woodward 1901; Theodorou et  al. 2003; 
Kampouridis et  al. 2019). Finally, in three Late Miocene localities from Axios 
Valley (Macedonia, Greece), more fossil orycteropodids have been discovered 
(Bonis et al. 1994).

3  Phylogenetic Relationships

Although the aardvarks are studied since the eighteenth century, the order 
Tubulidentata was erected by Huxley (1872). It is not before the middle of the 1970s 
that the studies of the aardvarks have gone from simple descriptions in studies of 
their phylogenetic relationships (e.g., Patterson 1975, 1978; MacPhee 1994; van der 
Made 2003; Pickford 2004, 2005; Lehmann et al. 2005). The most recent and com-
plete phylogeny of the Orycteropodidae gives also a new classification of the family, 
based on the study of the material and a parsimony analysis (Lehmann 2009). The 
author separates four genera, three African Myorycteropus, Leptorycteropus, 
Orycteropus, and the African-European one Amphiorycteropus. All have African 
origin, and Amphiorycteropus migrated to Eurasia in the middle Miocene making 
its first appearance in the Turkish locality of Paşalar at ~16.0 Ma with the species 
aff. Amphiorycteropus cf. seni. The migration age fits quite well with the final con-
nection of Africa with Eurasia at ~17.0–15.0 Ma (Rögl 1999), as well as with the 
arrival of several African elements recognized in the neighboring middle Miocene 
locality Thymiana B in Chios Island (Aegean Sea, Greece) dated at ~15.5  Ma 
(Koufos 2013 and references therein). The genus Amphiorycteropus dispersed in 
Eurasia and divided into two main clades: the clade of Amphiorycteropus (browni- 
gaudryi- depereti) and the clade of aff. Amphiorycteropus (seni-pottieri). The first 
clade survived until the early Pliocene with A. depereti and the second until the 
early Vallesian with aff. A. pottieri (Fig. 1). Both clades are represented in the Greek 
fossil record.

4  Distribution

Fossil orycteropodids are known from Africa, Europe, and Western Asia, but their 
fossil remains are scarce. The most fossiliferous sites with orycteropodids are 
known from Kenya in Africa as well as from Greece and Turkey. Details on Greek 
occurrences of orycteropodids are given in Fig. 2 and Appendix.
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5  Systematic Paleontology

Orycteropodidae Gray, 1821
Amphiorycteropus Lehmann, 2009

Type Species Orycteropus gaudryi Forsyth Major, 1888.

Remarks Besides the certain occurrences of Amphiorycteropus in Greece, the 
genus may be present in Prochoma 1, in the Axios Valley (Macedonia, Greece) 
where it is represented by two isolated phalanges (Bonis et al. 1994). The genus is 
also traced from the locality Kerassia-1, (Theodorou et al. 2003; Kampouridis et al. 
2019), and Prokopi in Evia Island (Woodward 1901).

★Amphiorycteropus gaudryi (Forsyth Major, 1888)

Nomenclatural and Taxonomical History Orycteropus gaudryi in Forsyth Major 
1888 (new species); Amphiorycteropus gaudryi in Lehmann 2009 (new genus).

Type Material There is no defined holotype. The material described by Forsyth 
Major (1888) and housed in the Musée Géologique Cantonal de Lausanne can be 
considered as its syntypes (Lehmann 2007).

Type Locality Unknown locality of Samos Island, late Miocene, MN11–13.

Distribution The species is known from the late Miocene of Iran, Italy, Turkey, 
Ukraine, and Moldova. In Greece, it is known from the localities Mytilini 1A and 
1B, Quarries 1, 4, and 5 of Samos Island, Dytiko 1 in the Axios Valley, as well as 
Prokopion (old name Achmet Aga) and Kerassia in the Evia Island.

Fig. 1 Phylogeny of the Orycteropodidae, highlighting the position of the Greek orycteropodid 
taxa (with boldface; modified from Lehmann 2009)
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Remarks The taxon is mainly known from Samos by a rich collection housed in 
various museums (Fig. 3). Some characters of the cranial material are the elongated 
and relatively narrow palate; the elongated and wide nasals, separated by a shallow 
groove between them; the bulging frontal region; the small diastemas between the 
premolars; the single-lobed P1 and P2 with one occlusal wearing facet inclined 
distally; the P3 and P4 with one lobe and two occlusal wearing facets forming a 
sharp angle; the bilobed molars; the triangular-shaped M3; the elongated mandibu-
lar corpus with slightly concave inferior border; the small diastemas between the 
lower premolars; the large mental foramen situated almost in front of the m1; the 
position of the anterior margin of the masseteric fossa below the distal margin of the 
m3; the single-lobed premolars with two occlusal wearing facets forming an angle; 

Fig. 2 Map of Greece showing the geographic distribution of the most important localities with 
aardvark fossils. See Appendix for more information. Image exported from Google Earth Pro © 
2019, map data from US Dept. of State Geographer, SIO, NOAA, US Navy, NGA, GEBCO, image 
from Landsat/Copernicus. Scale bar equals 80 km, North faces upward
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the 8-shaped molars, the largest than all molars m2; the broader distal lobe than the 
mesial one in the m1 and m2; the small, triangular-shaped m3 with narrow distal 
lobe; and the well-developed lingual and buccal grooves that allow attribution to 
A. gaudryi (Koufos 2009 and references therein). The diagnosis of the genus 
Amphiorycteropus (= A. gaudryi) is given by Lehmann (2009).

aff. Amphiorycteropus pottieri (Ozansoy, 1965)

Nomenclatural and Taxonomical History Orycteropus pottieri in Ozansoy 1965 
(new species); aff. Amphiorycteropus pottieri in Lehmann 2009 (new combination). 
The orycteropodids from Pentalophos 1 (Greece) and Sinap (Turkey), first described 
as “Orycteropus” pottieri, share some apomorphies with species of the genus 
Amphiorycteropus, but more material is necessary for a definite decision; thus, it is 
recommended to place this material in affinis with the genus Amphiorycteropus 
(Lehmann 2009).

Fig. 3 Selected specimens of Amphiorycteropus gaudryi from the late Miocene (MN11–13) of 
Samos Island. (a) cranium and mandible from an unknown precise locality in lateral view (NHML- 
SAM- M.5690), (b) cranium from an unknown precise locality in occlusal view (NHMW- 
SAM- A.4760), (c–d) right mandibular fragment with p2–m3 from Mytilini 1 in c lateral and d 
occlusal views (MTLB-49). Scale bars equal 1 cm
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Type Material MNHN-TRQ-1003 (holotype), right hemimandible, described and 
figured by Ozansoy (1965) and housed at the Muséum national d’Histoire naturelle 
Paris (Lehmann 2007).

Type Locality Middle Sinap formation (late Miocene, Vallesian), near Yassiören 
(Ozansoy 1965).

Distribution Besides the type locality, the species has been discovered during the 
new campaigns of excavations in Sinap area (localities 12, 72, and 108) and from 
the Greek late Miocene locality Pentalophos 1 of the Axios Valley.

Remarks The material from Pentalophos 1 includes the posterior part of a cra-
nium, maxillary, mandibular, and some postcranial remains (Fig. 4). The Pentalophos 
1 material is characterized by large infraorbital foramen situated above M1; 
V-shaped nuchal line on the cranium; temporal lines high on the cranium; small, 
elliptical-shaped, and more oblique than that of A. gaudryi occipital condyle; large 
and oval foramen magnum vs rounded in A. gaudryi; well-developed paroccipital 
processes; mastoid process with ridges and grooves in their buccal surface; straight 
and low mandibular corpus; concave upper and straight lower tooth row; presence 
of a canine; remarkable diastemas between the premolars and between the canine 
and first premolar; large diastema between p4 and m1; uniform premolars with one 
lobe and angular occlusal outline; mesial wear facet smaller and more inclined than 
the distal one in the upper premolars while in the lower one it is the opposite; 
8-shaped first and second molars in both jaws with deep lingual and buccal grooves 
between the lobes; rectangular outline of the lower and trapezoid outline of the 
upper molars; lobes with rounded mesial and distal margins; M1 and m1 with distal 
lobe broader than the mesial one (the opposite in the M2 and m2); small and 
triangular- shaped M3, and m3 with short and rounded distal lobe; the short cumu-

Fig. 4 Selected specimens of aff. Amphiorycteropus pottieri from Pentalophos 1 (Axios Valley). 
(a–b) right maxillary fragment (PNT 127) with C–M3 in a lateral and b occlusal views, (c–d) right 
mandibular fragment (PNT 129) with p1–m1 in c buccal and d occlusal views. Scale bar equals 1 cm
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lated length of the upper molars; and proximodistally elongated astragalus, which 
allow its attribution to this taxon (Bonis et al. 1994). 
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 Appendix

List of the Greek localities containing aardvark fossils. Type localities are marked with bold. 

Locality numbers refer to the collection numbers of the Paleobiology Database (PBDB)

LocalitiesPBDB No Age (MN; GPTS in Ma) Taxon

Samos202120* Turolian (MN11–13) Amphiorycteropus gaudryi1

Samos Q595690 Late Turolian (MN13; 6.9–6.7) Amphiorycteropus gaudryi2

Dytiko 132374 Late Turolian (MN13) Amphiorycteropus gaudryi3

Mytilini 1A202215 Middle Turolian (MN12; 7.3–7.1) Amphiorycteropus gaudryi4

Mytilini 1B202216 Middle Turolian (MN12; 7.3–7.1) Amphiorycteropus gaudryi4

Samos Q195691 Middle Turolian (MN12; 7.3–7.1) Amphiorycteropus gaudryi2

Prochoma 1202222 Middle Turolian (MN12; ~7.4 Ma) Amphiorycteropus sp.3

Samos Q495689 Middle Turolian (MN12; 7.65–7.45) Amphiorycteropus gaudryi2

Kerassia 1195432 Middle Turolian (MN12) Amphiorycteropus gaudryi5

Prokopion214079 ?Middle Turolian (?MN12) Amphiorycteropus gaudryi6

Pentalophos 1202119 Early Vallesian (MN9) aff. Amphiorycteropus pottieri3

GPTS Geomagnetic Polarity Time Scale
*Precise locality unknown
1Forsyth Major (1888), 2Colbert (1941), 3Bonis et al. (1994), 4Koufos (2009), 5Kampouridis et al. 
(2019), 6Woodward (1901)
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The Fossil Record of Hyraxes (Mammalia: 
Hyracoidea: Pliohyracidae) in Greece

George D. Koufos

1  Introduction

The hyracoids (hyraxes or dassies) are a peculiar group of mammals, preserving 
some primitive characters and being related to the elephants and sirenians, although 
they are small and their appearance is more rodent like. Their similar dental pattern 
with horses, rhinoceroses and extinct palaeotheres and the presence of five toes in 
the forefoot (Myers 2000) support their similarities with the perissodactyls. The 
modern hyracoids belong to the family Procaviidae and have a short skull with short 
muzzle, prominent postorbital processes and small auditory bullae. Their dental for-
mula is 1, 0, 4, 3/2, 0, 4, 3 = 34. There is only one upper incisor and two lower ones, 
which are specialized; the upper incisor is pointed, has a continuous growth like that 
of rodents and lacks enamel in its posterior surface; the lower ones have styloid 
form. The incisors are followed by a large diastema as in the rodents. The molars are 
selenolophodonts and they resemble those of rhinocerotids. The hyraxes are living 
on rocky areas or on the trees (arboreal forms) feeding on leaves, barks, grasses and 
some insects. The modern forms are living in the sub-Saharan Africa and the Middle 
East (Vaughan et al. 2015; Myers 2000).

2  Historical Overview

The hyracoids are recognized early in the Greek fossil record in Pikermi, described 
as Leptodon graecus by Gaudry (1860). Later, they were found and described in 
Samos Island with two species (Osborn 1898; Forsyth Major 1899; Schlosser 
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1899a, b). Among the Halmyropotamos material, stored in the Palaeontological and 
Geological Museum of Athens University, there are some hyracoid remains, 
described by Melentis (1967). Kuss (1976) found and described some remains in 
the locality Melambes (Crete Island). Recently, some hyaracoid fossils were discov-
ered and described from Samos (Koufos 2009). All fossil hyracoid remains belong 
to the family Pliohyracidae, characterized by high-crowned cheek teeth, spatulated 
and triangular incisors and reduction in the i3 (Meyer 1978). The genus Pliohyrax 
with two species dominated in the Greek fossil record, whereas Prohyrax is proba-
bly present.

3  Phylogenetic Relationships

Hyraxes share many morphological features with the elephants and sirenians, sug-
gesting a common ancestor; recent molecular data also support close relationships 
among these three mammalian groups. The first presence of hyraxes has been traced 
in the basal Eocene of Algeria and Morocco (Benoit et al. 2016; Gheerbrant et al. 
2003). Fossil evidence from the Eocene–Oligocene of Fayum (Egypt) indicates that 
the hyraxes were the dominant browsers and grazers in Africa during this time span; 
they were common, represented by seven different genera (Myers 2000; Hoek 
2018). During the beginning of the Miocene, the arrival of the artiodactyls restricted 
hyraxes to the tree and rocky habitats, which are not favourable for these mammals 
(Rasmussen 1989; Hoek 2018). Simultaneously, this faunal change pushed them to 
the north in Asia, as indicated by their presence in Saudi Arabia and Pakistan 
(Thomas et al. 1982; Pickford 1986). During the late Oligocene to late Miocene, a 
second radiation of hyraxes is recognized in Africa with the presence of the most 
primitive representative of the family Pliohyracidae. The latest representatives of 
this family are traced in the Plio-Pleistocene of China; the main representative of 
that period is the genus Pliohyrax. The Pliohyracidae disappeared at the Early 
Pleistocene after a presence of about 50 Ma. However, a hyracoid clade survived 
and gave the family Procaviidae, which survives until now (Rasmussen 1989).

4  Distribution

In Greece, the hyracoids are scarce and they are known from Pikermi, Samos Island 
(Mytilinii 1C, unknown locality/ies for the old material) and Halmyropotamos in 
Evia Island (Fig. 1 and Appendix). The majority of the material is of late Miocene 
age and belongs to the genus Pliohyrax. Several hyracoid remains are known from 
the late Miocene of Turkey, where the genus Pliohyrax is recognized in several 
localities (Baudry 1994; Kaya et  al. 2012). It is also known from the wider 
Mediterranean region, as from Spain, France, Iran and Afghanistan (Dubrovo 1978; 
Sen 1998; Pickford 2009).
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5  Systematic Paleontology

Pliohyracidae Osborn, 1899
Pliohyrax Osborn, 1899

Type Species Pliohyrax kruppii Osborn, 1899.

★Pliohyrax graecus (Gaudry, 1860)

Nomenclatural and Taxonomical history Leptodon graecus in Gaudry 1860 
(new species); Pliohyrax graecus in Forsyth Major 1899 (new combination).

Fig. 1 Map of Greece showing the geographic distribution of the most important localities 
with hyracoid fossils. See Appendix for more information. Image exported from Google Earth Pro 
© 2019, map data from US Dept. of State Geographer, SIO, NOAA, U.S. Navy, NGA, GEBCO, 
image from Landsat/Copernicus. Scale bar equals 80 km, North faces upward
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Type Specimen MNHN-PIK-3389 (holotype) mandible with p4–m2 (right) and 
p3–m3 (left) (Gaudry 1862–1867: p. 215; pl. 34, figs 1–2), housed in the Muséum 
nationale d’Histoire naturelle, Paris (Fig. 2a–b).

Type Locality Pikermi, Attica, Greece, late Miocene, MN12.

Distribution Besides the type locality, P. graecus is known from the Greek late 
Miocene localities Halmyropotamos, Mytilinii-1C (MTLC) and unknown locality/
ies of Samos (see  Fig. 1 and Appendix). The species is also referred from the 
Miocene of Spain, Turkey, Iran and Afghanistan.

Remarks The known material of P. graecus from Greece is poor, including a few 
cranial and mandibular remains (Fig. 2a–c). The species is characterized by a larger 
size than P. kruppii, flattened premaxilla between the first incisors, presence of buc-
cal cingulum in the I3, metacone like a bulge in the external wall of the upper molars, 
thick and deep mandibular corpus, premolariform canine with triangular occlusal 
outline, increase in the molar size posteriorly and elongated m3 with a third lobe 
(Fischer and Heizmann 1992; Koufos 2009).

Fig. 2 Selected specimens of Pliohyrax from Greece. (a–d), Pliohyrax graecus: a–b, mandibular 
fragment with p3–m3 (holotype) from the late Miocene of Pikermi in a buccal and b occlusal 
views, (c) maxilla with both tooth rows from the late Miocene of Pikermi in occlusal view and (d) 
mandible with both tooth rows from the late Miocene of Mytilinii 1C (Samos Island) in occlusal 
view, (e) Pliohyrax kruppii, maxilla with both tooth rows (cast), from an unknown Late Miocene 
locality of Samos Island in occlusal view. Scale bars equal 3 cm
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★Pliohyrax kruppii Osborn, 1899

Type Specimen SAM-44032 (holotype) cranial fragment with the dentition, 
described by Osborn (1899: taf. 2, figs 1–4) and housed in the Natural History 
Museum of Stuttgart, Germany (Fig. 1e).

Type Locality Precise locality unknown, Samos Island, late Miocene, MN11–13.

Distribution It is only known from Samos. It is also referred from Turkey.

Remarks Besides the holotype, there is a mandible in the Bayerische Staatssammlung 
für Paläontologie und Historische Geologie, Munich, originated from an unknown 
locality of Samos and described by Schlosser (1899a, b) as Leptodon graecus, which 
could belong to P. kruppii (Fischer and Heizmann 1992). The main characters of the 
species are the small size (smaller than P. graecus), the long distance between infraor-
bital foramen and maxillary groove, the deep cutting of the premaxilla between the 
two I1; the elevated position of the orbits, the strongly invested with enamel mesial 
face, the absence of a buccal cingulum in the I1 and I2, the very small but functional 
I2 and I3 separated from the median incisors by a long diastema, the premolariform 
canine, the submolariform P1–P3, the completely molariform P4 and the increase in 
the molar size posteriorly (Osborn 1899; Fischer and Heizmann 1992).

Prohyrax Stromer, 1922

Type Species Prohyrax tertiarius Stromer, 1922.

Remarks A mandibular fragment of a hyracoid is known from the locality 
Melambes, Crete; it was originally described as  ?Pliohyrax sp. by Kuss (1976). 
Later, the Melambes hyracoid was attributed as cf. Prohyrax hendeyi (van der Made 
1996). The single specimen, combined with a poorly known associated fauna and a 
doubtful age of the locality, does not allow a precise determination of this material.

Acknowledgments I would like to thank R. Tabuce for comments that improved this manuscript.
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 Appendix

List of the Greek localities containing hyrax fossils

LocalitiesPBDB No Age (MN; GPTS in Ma) Taxon

Pikermi182754 Middle Turolian (MN12; 7.3–7.1) Pliohyrax graecus1

Mytilinii 1C202217 Middle Turolian (MN12; 7.3–7.1) Pliohyrax graecus2

Halmyropotamos 202,213 ?Middle Turolian (MN12) Pliohyrax graecus3

Samos202120* Turolian (MN11–13) Pliohyrax graecus4

Pliohyrax kruppii5

Melambes208183 Middle–late Miocene (MN6–10) ?Prohyrax hendeyi6, 7

Type localities are marked with bold. Locality numbers refer to the collection numbers of the 
PaleoBiology Database (PBDB)
GPTS Geomagnetic Polarity Time Scale
1Gaudry 1860, 2Koufos 2009, 3Melentis 1967, 4Osborn 1889, 5Schlosser 1899, 6Fischer and 
Heizmann 1992, 7Kuss 1976
*Precise locality unknown
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The Fossil Record of the Neogene 
Proboscidea (Mammalia) in Greece

George E. Konidaris and Evangelia Tsoukala

1  Introduction

The order Proboscidea is represented today by the largest living terrestrial mam-
mals, the African savanna and forest elephants Loxodonta africana and Loxodonta 
cyclotis, respectively, and the Asian elephant Elephas maximus, which are all locally 
restricted and considered as threatened to extinction. The extant elephants are relics 
of a group that was once extremely diversified and widely distributed across Africa, 
Europe, Asia, and the Americas, especially during the Miocene (Shoshani and Tassy 
1996a). Most proboscideans are characterized by the presence of tusks and molars 
of specialized morphology, making them easily recognizable in the fossil record and 
placing them among the most iconic vertebrates that have ever lived on this planet.

The earliest known proboscideans are Phosphatherium and Daouitherium from 
the Εarly Eocene of Morocco, at ~55.0 Ma (Gheerbrant et al. 1996, 2002). The cla-
distic position of Eritherium from the Late Paleocene (~60.0  Ma) of Morocco 
(Gheerbrant 2009) remains unresolved; it may be a stem proboscidean, or otherwise 
a sister group either to both Proboscidea and Sirenia or to all tethytherians 
(Gheerbrant et al. 2018). If Eritherium belongs to Proboscidea, then this species 
will represent the earliest proboscidean and will indicate a Paleocene emergence for 
the order. Since their appearance, the evolutionary history of proboscideans is 
marked by three major radiation events: (1) the Eocene radiation of primitive lopho-
dont taxa, endemic in the, at that time, Afro-Arabian continent; (2) the Miocene 
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radiation of gomphotheres sensu lato and stegodonts; (3) the Mio–Pliocene emer-
gence of the family Elephantidae (Shoshani and Tassy 1996b). Not only the emer-
gence and the subsequent first radiation of proboscideans took place in Africa, but 
also the other two radiations appear to have been triggered also in this continent 
(Sanders et al. 2010).

Proboscidean remains are common in the Neogene faunas of Greece, and espe-
cially during the late Miocene, including several taxa. They are present in almost all 
the large mammal fossiliferous sites of the country, with relatively abundant mate-
rial. The Greek fossil record includes proboscideans from all three radiations. The 
first two radiations are presented in this chapter and comprise members of the fami-
lies Deinotheriidae, Mammutidae, Amebelodontidae, Choerolophodontidae, 
Gomphotheriidae, and Stegodontidae; the third radiation of Elephantidae is the sub-
ject of the next chapter (Athanassiou this volume). For the sake of simplification, we 
use the informal name “Neogene proboscideans of Greece” for the taxa described in 
the present study, acknowledging however that the elephantid Mammuthus (pre-
sented in the following chapter) appeared in Greece during the late Pliocene and the 
fact that Anancus’ biostratigraphic range extends to the Early Pleistocene.

2  Historical Overview

The presence of proboscideans in the Greek fossil record was recognized already 
from the first excavations that were carried out in the nineteenth century in the rich 
late Miocene vertebrate localities of Pikermi (Attica, discovered in 1836) and Samos 
[Aegean Sea; Forsyth-Major (1888, 1894)] and the beginning of the twentieth cen-
tury in Axios valley (Central Macedonia, discovered in 1915–1916; Arambourg and 
Piveteau (1929)]. The first systematic studies on Miocene proboscideans included 
important material from these localities and were conducted, among others, by 
Wagner (1848, 1857), Gaudry (1862–1867), and Vacek (1877) for Pikermi; Forsyth- 
Major (1894), Schlesinger (1917, 1922), and Lehmann (1950) for Samos; and 
Arambourg and Piveteau (1929) for Axios valley (“Salonique”). These publications 
served (and still do) as a reference point for future research on Neogene probosci-
deans. In all of the abovementioned localities, the fossils occur in different strati-
graphic levels from multiple quarries and unfortunately—as is the case with several 
historical collections—most of the fossils lack precise stratigraphic information. 
Subsequent important Miocene proboscidean specimens were studied in 
Paraskevaidis (1940) and Tobien (1980) from the middle Miocene of Chios Island, 
Melentis (1967, 1969) from the late Miocene of Halmyropotamos, Koufos (1980) 
from the late Miocene of Axios valley, Tassy (1985) from the late Miocene of 
Pikermi, Tsoukala and Melentis (1994) from Kassandra Peninsula in Chalkidiki, 
Koufos et  al. (2003) from the early Miocene of Gavathas on Lesvos Island, 
Theodorou et  al. (2003) from the late Miocene of Kerassia, Athanassiou (2004), 
Poulakakis et al. (2005) and Iliopoulos et al. (2014) from the late Miocene of Crete 
Island, and Lazaridis and Tsoukala (2014a) from the late Miocene of Kryopigi. 
Furthermore, the new series of excavations in Axios valley (started in 1972; Koufos 
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2013), Samos (started in 1993; Koufos and Nagel 2009), and Pikermi (started in 
2009; Theodorou et  al. 2010), as well as in Nikiti (started in 1990; Koufos and 
Kostopoulos 2016), which aimed in the discovery of new stratified and dated mate-
rial, provided a wealth of specimens, including several proboscideans. Therefore, in 
the recent years the need has arisen for a complete revision and study of the taxon-
omy, biostratigraphy, and paleoecology of the Miocene proboscideans. This was 
part of the investigations of Konidaris (2013) and of subsequent studies (Konidaris 
and Koufos 2009, 2013a, 2016, 2019; Konidaris et al. 2014, 2016, 2017; Konidaris 
and Roussiakis 2019).

The Pliocene–Early Pleistocene sediments of Greece have been also intensively 
explored during the last decades. From this period, mammutids and gomphotheres 
are well-known from the recent excavations in Milia (started in 1996), which pro-
vided a wealth of proboscidean specimens (Tsoukala 2000; Tsoukala and Mol 
2016) and in Sesklo (Symeonidis and Tataris 1983; Athanassiou 2016), but also 
from Apolakkia (Theodorou et al. 2000), Vatera (de Vos et al. 2002), and Gephyra 
(Crégut-Bonnoure and Tsoukala 2017).

The extensive and systematic fieldwork during the last decades in Greece has 
greatly increased the number of proboscidean specimens, which together with the 
specimens from the old collections, constitute a rich proboscidean sample. Recent 
advances in proboscidean taxonomy, along with biostratigraphic correlations and 
magnetostratigraphic calibrations, allow a more comprehensive classification and 
biostratigraphy of the Neogene proboscideans from Greece, which are presented in 
this chapter.

3  Phylogenetic Relationships

The order Proboscidea consists predominantly of fossil taxa, which complicates 
their classification and phylogeny, in particular of the early representatives. Based 
on recent findings and new cladistic analyses, Proboscidea together with the orders 
Sirenia (sea cows) and the Hyracoidea (hyraxes), as well as with the extinct 
Embrithopoda (e.g., Arsinoitherium zitelli from the Early Oligocene of Fayum in 
Egypt), belong to the clade of Paenungulata; in turn, proboscideans, sirenians, and 
Embrithopoda constitute the clade of Tethytheria (Gheerbrant et al. 2018) (Fig. 1). 
Anthracobunidae and Desmostylia, which were usually classified within tethy-
theres, are in fact related to Laurasian Euungulata and Perissodactyla (Cooper et al. 
2014). Proboscidean synapomorphies include the well-developed zygomatic pro-
cess of the maxillary, which contributes significantly to the ventral border of the 
orbit and to the zygomatic arch, the relatively large size of the pars mastoidea of the 
periotic, the hypoconulid in a labial position, and possibly also the loss of i3 and (d)
p1 (Gheerbrant et  al. 2005). Well-recognized proboscidean features, such as the 
large size, the presence of a trunk (proboscis), the huge-sized and pneumatized cra-
nia with retracted nasal apertures, the hypertrophy of the second incisors to form 
upper tusks, the graviportal stance, the shortening of the tooth row, the horizontal 
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Fig. 1 Simplified cladogram showing the relationships of Paenungulata and Proboscidea based on 
Gheerbrant and Tassy (2009), Seiffert et al. (2012), and Gheerbrant et al. (2018)
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tooth displacement, the reduction in the number of teeth with regard to the complete 
eutherian dentition, the enlargement and specialization of the cheek teeth, and the 
increase in the value of the encephalization quotient, constitute evolutionary trends 
within Proboscidea that evolved progressively since the Eocene (Shoshani and 
Tassy 1996a; Shoshani 1998, 2002; Gheerbrant and Tassy 2009; Sanders et al. 2010).

In this chapter, we mainly follow the classification proposed by Shoshani and 
Tassy (2005). However, we include choerolophodonts and amebelodonts in the fam-
ilies Choerolophodontidae and Amebelodontidae, respectively (Gheerbrant and 
Tassy 2009), and the tetralophodont gomphotheres Tetralophodon and Anancus of 
the family Gomphotheriidae in the subfamilies Tetralophodontinae and Anancinae, 
respectively (Sanders et al. 2010).

Focusing on the proboscidean taxa that are present during the Neogene of Greece, 
Deinotheriidae are more closely related to Elephantiformes, than to the more basal 
proboscideans (Fig. 1) based on dental features (e.g., presence of hypocone in P3 
and P4 and the higher hypolophid than the protolophid in the lower molars) and 
postcranial traits (e.g., astragalus with long neck, enlarged lateral calcaneal facet, 
and reduced fibular facet) (Tassy 1994, 1996a; Gheerbrant et al. 2005). Deinotheres 
are unique within Proboscidea in lacking upper tusks and possessing strong and 
downward curved lower tusks (Gheerbrant and Tassy 2009). Apart from 
Deinotheriidae, all other proboscideans of the Greek fossil record belong to the 
monophyletic clade Elephantimorpha (Fig. 1). The monophyly of Elephantimorpha 
(Eritreum, Hemimastodon, Mammutida, Elephantida) is based among others on the 
“horizontal tooth displacement”, i.e., a pattern of dental eruption, in which the 
cheek teeth during their use move anteriorly along the jaws and when they are com-
pletely worn, they are succeeded by teeth that emerge more distally, in a manner that 
is reminiscent of a “conveyor belt” (Tassy 1994, 1996a; Shoshani et  al. 2006; 
Sanders 2018; Tassy 2018). Within Elephantimorpha, the family Mammutidae is 
defined by the zygolophodont molars, with sharper loph(id)s due to anteroposterior 
compression, and with presence of pretrite and posttrite zygodont crests instead of 
central conules (Tassy 1996a; Shoshani 1996).

The clade Elephantida includes taxa with bunodont molars, which are trans-
formed into molars with lamellae in the families Stegodontidae and Elephantidae 
(Gheerbrant and Tassy 2009). The family Choerolophodontidae is distinguished by 
the fused mesoconelets and central conules and by the mesially pointed chevrons of 
the intermediate and third molars (“V,” chevroning) formed by the more mesial 
position of the conelets in regard to the main cusps, especially in the distal lophids 
(Tassy 1996a; Sanders 2003; Konidaris et al. 2016). The straight medial border of 
the lower tusks and the posttrite conules on the molars are the distinguishing traits 
of the family Amebelodontidae; their most distinctive feature, the flattened lower 
tusks, is a plesiomorphic character present in Phiomia (Tassy 1996a; Shoshani 
1996). The paraphyletic family Gomphotheriidae includes the trilophodont gom-
photheres [with three loph(id)s in the intermediate molars] represented in Europe by 
the genus Gomphotherium and the tetralophodont gomphotheres [with four loph(id)
s in the intermediate molars], which in Europe include the longirostrine 
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Tetralophodon (with rounded to pyriform lower tusks) and the brevirostrine Anancus 
(lacking lower tusks) (Tassy 1996a; Shoshani 1996).

4  Distribution

Neogene proboscidean remains are present in almost all the large mammal fossilif-
erous sites of Greece, from the northernmost regions of the country (e.g., Thermopigi, 
Dikaia) to the southern-most ones (Crete) and from the western ones (e.g., Milia, 
western Peloponnese) to the easternmost ones (Samos, Kos, and Rhodes Islands); 
they are present in both today’s continental and insular Greece (Figs. 2 and 3). The 
earliest occurrence of Neogene proboscideans in the Greek fossil record is docu-
mented in the early Miocene of Gavathas (Lesvos Island) with the primitive deino-
there Prodeinotherium, whereas their last occurrence is recorded in the Early 
Pleistocene of Vatera (Lesvos Island) with the gomphothere Anancus (Fig. 2). The 
taxonomic diversity reached its peak during the Turolian (late Miocene), when at 
least four proboscidean species have been recorded in Pikermi and Samos. 

Fig. 2 Biostratigraphic distribution of the Neogene proboscideans in Greece. Solid lines indicate 
the biostratigraphic range of the species based on their occurrences in Greece; dots indicate single 
occurrences in Greece; dashed lines indicate the known biostratigraphic range based on data out-
side Greece; the top of MN12 is controversial and appears in grey. Selected localities with radio-
metric, biostratigraphical, or magnetostratigraphical data are also shown with letters: A, Gavathas; 
B, Thymiana; C, Pentalophos-1; D, Xirochori-1, Ravin de la Pluie; E, Nikiti-2, Ravin des 
Zouaves-5; F, Prochoma-1, Vathylakkos-2, Perivolaki, Pikermi, Pikermi Valley-1, 3, Mytilinii-1A, 
B, ?Halmyropotamos, ?Kerassia, ?Kryopigi, Chomateri; G, Dytiko-2, 3; H, Maramena; I, Milia, 
Sesklon, Gephyra; J, Vatera. Further details are given in the Appendix
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Fig. 3 Map of Greece showing the geographic distribution of the most important localities with 
Neogene and Early Pleistocene proboscideans. 1, Vatera localities; 2, Sani; 3, Kalliphytos; 4, 
Antimachia; 5, Kardamaena; 6, Pylos; 7, Skoura; 8, Nigrita; 9, Gephyra-1; 10, Sesklon; 11, Milia 
localities; 12, Apolakkia I; 13, Apolakkia II; 14, Agia Triada; 15, Maramena; 16, Dikaia; 17, 
Pyrgos Vassilissis; 18, Servia; 19, Fourka; 20, Chelona beach; 21, sea bed of Kryopigi; 22, 
Neokaisareia; 23, Dytiko localities; 24, Kryopigi; 25, Samos localities; 26, Chomateri; 27, 
Perivolaki; 28, Pikermi localities; 29, Halmyropotamos; 30, Prochoma-1; 31, Vathylakkos locali-
ties; 32, Kerassia localities; 33, Ravin des Zouaves-5; 34, Maronia; 35, Gela; 36, Nikiti-2; 37, 
Ravin X; 38, Platania; 39, Ravin de la Pluie; 40, Xirochori 1; 41, Ravin des Zouaves 1; 42, Agia 
Paraskevi; 43, Pentalophos 1; 44, Thymiana; 45, Psara; 46, Gavathas; 47, Thermopigi; 48, 
Antonios; 49, Siatista. See Appendix for more information. Image exported from Google Earth Pro 
© 2019, map data from US Dept. of State Geographer, SIO, NOAA, U.S. Navy, NGA, GEBCO, 
image from Landsat/Copernicus. Scale bar equals 80 km, North faces upward
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Deinotheres present the widest biostratigraphic range, covering almost the whole 
Miocene (late MN3 until at least MN12), followed by choerolophodonts, which 
were present from the middle Miocene until the end of the late Miocene (MN5–13). 
Choerolophodon presents the widest temporal distribution among the genera in 
Greece, and where present, it is the dominant genus in terms of abundance.

5  Systematic Paleontology

Proboscidea Illiger, 1811
Deinotheriidae Bonaparte, 1845

Comments Deinotheres were specialized browsing proboscideans with low- 
crowned, tapir-like lophodont and bilophodont cheek teeth—apart from the trilo-
phodont dp4/DP4 and m1/M1—and with a dental formulae 0.0.3/1.0.3 for the 
deciduous and 0.0.2.3/1.0.2.3 for the permanent teeth (Harris 1973; Sanders et al. 
2010) (Figs. 3, 4 and 5). Deciduous dentition is replaced by the permanent one in a 
vertical manner, and all permanent cheek teeth are in function simultaneously. In 
this feature, as well as in other cranial, dental, and postcranial traits, deinotheres 
differ markedly from elephantimorphs. The most distinctive feature of deinotheres 
is the downcurved mandibular symphysis bearing the lower tusks, the latter emerg-
ing almost vertically, whereas they lack upper tusks (Harris 1973). Known from the 
Late Oligocene of Africa, where they persisted until 1.0 Ma, deinotheres have an 
evolutionary history of ~25.0 myr (Sanders et al. 2010). In Greece, deinotheres are 
known from several localities ranging from the early to the late Miocene and belong 
to the genera Prodeinotherium and Deinotherium. The original generic name 
Deinotherium Kaup 1829 (consisting of the Greek words δεινός = fearfully great, 
and θηρίον = wild animal/beast) is valid and not Dinotherium used subsequently by 
several authors (see also comment in Huttunen 2002). Accordingly, Harris (1973) 
emended the original name Prodinotherium Éhik 1930 to Prodeinotherium, which 
is justified and valid.

Prodeinotherium Éhik, 1930

Type Species Prodinotherium hungaricum Éhik, 1930.

Other Included Taxa P. cuvieri (Kaup, 1832a); P. hobleyi (Andrews, 1911); 
P. pentapotamiae (Falconer, 1868); P. sinense Qiu et al., 2007.

Distribution Early–early late Miocene of Africa, Europe and Asia.

Comments Based on the conservativeness and the minor evolutionary changes of 
deinotheres (apart from a gradual increase in size through time) several researchers 
recognize only Deinotherium as the valid European genus (e.g., Gräf 1957; Ginsburg 
and Chevrier 2001; Pickford and Pourabrishami 2013). Here we follow Harris 
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(1973), Huttunen (2002), and Aiglstorfer et al. (2014) and regard Prodeinotherium 
as a distinct genus from Deinotherium, based on several cranial, dental, and postcra-
nial features. In Europe, Prodeinotherium includes the small and primitive 
 deinotheres from the early until the middle Miocene (early Orleanian–early 
Astaracian, MN3–6). In Greece this genus is recognized with two species, 
Prodeinotherium cuvieri and Prodeinotherium bavaricum.

Prodeinotherium cuvieri (Kaup, 1832a)

Nomenclatural and Taxonomical History The species was erected by Kaup 
(1832a), who distinguished it from Deinotherium giganteum, based mainly on the 
smaller dimensions of the teeth from Chevilly (France) and Eppelsheim Formation 
(Germany). During the subsequent years and until today, the validity of this species 
is accepted by several authors (e.g., Ginsburg and Chevrier 2001; Pickford and 
Pourabrishami 2013), whereas others synonymize it with Prodeinotherium bavari-
cum (e.g., Gräf 1957; Huttunen 2002). The taxonomical status of the early Miocene 
deinotheres of Europe is not yet clarified and could be briefly summarized into the 
question whether P. cuvieri, P. hungaricum, or P. petenyii Vörös 1989 are conspe-
cific or not, although the small dental dimensions of all three of them supports the 
synonymy; in this case, the type species of Prodeinotherium would be P. cuvieri 
(Markov 2008a: p. 144, footnote). Regardless of the specific name, dental dimen-
sions and mandibular morphology (and perhaps also cranial and postcranial fea-
tures) are in favor of a specific distinction from P. bavaricum (Markov 2008a).

Type Material MNHN-CHE 13 (lectotype), right and left mandibular fragments 
(Mayet 1908: pl. 8, figs. 3, 4).

Type Locality Chevilly, France, early Miocene, middle Orleanian, MN4.

Distribution Εarly Miocene (end of early Orleanian, late MN3) of Greece 
(Gavathas on Lesvos Island); early Miocene, middle Orleanian (MN4) of Hungary, 
Germany, France, and Spain.

Remarks This species comprises the smallest, earliest, and most basal deinotheres 
in Europe, known in Greece from a single occurrence of great importance. In par-
ticular, Koufos et al. (2003) studied tooth rows with permanent dentition from the 
locality Gavathas on Lesvos Island (Fig. 4), well-known for the Petrified Forest of 
Sigri. The authors noted that the dental morphology and the small dimensions of the 
Gavathas specimen indicate that it belongs to a primitive form of P. bavaricum (fol-
lowing the two European deinothere species concept of P. bavaricum and D. gigan-
teum, accepted at that time). According to these observations and accepting here the 
validity of a distinct species from P. bavaricum—the valid name for which seems to 
be P. cuvieri—the Gavathas deinothere is provisionally attributed to P. cuvieri, 
pending complete revision of the primitive European deinotheres and new findings. 
The Gavathas deinothere, dated to as older than 18.4 ± 0.5 Ma (upper part of the 
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early Miocene, late MN3), documents the earliest occurrence of deinotheres in 
Europe (Koufos et al. 2003). As part of the complex “Proboscidean Datum Event,” 
it marks the penetration of deinotheres into Europe (roughly together with the mam-
mutid Zygolophodon, the gomphotheriid Gomphotherium, and the amebelodontid 
Archaeobelodon), after the establishment of the so-called Gomphotherium land-
bridge in the middle Burdigalian (~19.0–18.0 Ma, early MN3) (Tassy 1990; Rögl 
1999; Antoine et al. 2003; Koufos et al. 2003).

Prodeinotherium bavaricum (von Meyer, 1831)
(=★Dinotherium bavaricum aegaeum Paraskevaidis, 1940)

Nomenclatural and Taxonomical History The species was originally coined and 
described as a member of Deinotherium by von Meyer (1831, 1833). Almost a cen-
tury after, it was transferred to Prodeinotherium by Éhik (1930). By being the oldest 
available name for the small and basal deinotheres, it has been considered by several 
authors (e.g., Gräf 1957; Bergounioux and Crouzel 1962; Huttunen 2002) as the 
senior synonym of the species Prodeinotherium cuvieri, P. hungaricum, and P. pet-
enyii (but see above).

Type Material SNSB-BSPG-AS I 220 (lectotype), right p3 (von Meyer 1833: pl. 
34, figs. 12–15).

Type Locality Georgensmünd?, Germany, middle Miocene, early Astaracian, MN6.

Distribution Middle Miocene (late Orleanian, MN5) of Greece (Thymiana); mid-
dle Miocene (late Orleanian–early Astaracian, MN5–6) of Germany, Austria, 
France, Hungary, Slovakia, Spain, Bulgaria, Czech Republic.

Remarks This species is well-known with abundant (mainly dental) material from 
several European localities, including at least two partial skeletons (Huttunen and 
Göhlich 2002; Huttunen 2004). In Greece its presence is documented with dental 
material from Thymiana (Paraskevaidis 1940), a vertebrate locality on Chios Island, 
bio- and magnetostratigraphically dated to ~15.5  Ma (middle Miocene, late 
Orleanian, MN5; Koufos 2006). Originally attributed to a new subspecies under the 
original spelling “Dinotherium bavaricum var. Aegäum,” the dimensions and mor-
phology of the teeth indicate that are within the intraspecific variability of P. bavari-
cum without the need for subspecific distinction (Besenecker and Symeonidis 
1974). The species is also known from the nearby Psara Island with an isolated M1 
(Besenecker and Symeonidis 1974).

Deinotherium Kaup, 1829

Type Species Deinotherium giganteum Kaup, 1829.

Other Included Taxa D. bozasi Arambourg, 1934; D. indicum Falconer, 1845; 
D. levius Jourdan, 1861; D. proavum (Eichwald, 1831).

G. E. Konidaris and E. Tsoukala



309

Distribution Middle Miocene–Early Pleistocene of Africa, Europe, and Asia.

Comments The genus Deinotherium includes the large-sized deinotheres, and in 
Europe it is known from the middle until the late Miocene (late Astaracian–Turolian, 
MN7/8–13).

Deinotherium giganteum Kaup, 1829

Nomenclatural and Taxonomical History The species was erected and originally 
described by Kaup (1829, 1832a). Because it was the oldest available name for the 
large and derived deinotheres, it has been considered by several authors (e.g., 
Bergouniouz and Crouzel 1962; Huttunen 2002) as the senior synonym of the spe-
cies Deinotherium levius and D. proavum (but for D. levius see: Gräf 1957; Ginsburg 
and Chevrier 2001; Böhme et al. 2012; Konidaris and Koufos 2019; and below for 
D. proavum).

Type Material HLMD-Din 466 (holotype), left hemimandible with tusk, m2–m3 
and right mandibular fragment with symphysis and tusk fragment (Kaup 1832a: pl. 
4, add. pl. 1, fig. 5).

Type Locality Eppelsheim, Germany, late Miocene.

Distribution Late Miocene (late Vallesian, MN 10) of Greece (Ravin de la Pluie); 
late Miocene, Vallesian (MN9–10) of Germany, Austria, France, Hungary, Spain, 
Bulgaria, and Turkey.

Remarks This species is well-known with abundant material from several 
European localities (mainly Germany, Austria, France, and Spain). In Greece it is 
rare, and known from only few localities and with limited specimens. Konidaris 
(2013) and Konidaris and Koufos (2013a) described an isolated p4 from the late 
Vallesian of Ravin de la Pluie in Axios valley, and Tsoukala and Melentis (1994) 
described an upper cheek tooth row from Agia Paraskevi in Kassandra, Chalkidiki.

Deinotherium proavum (Eichwald, 1831)

Nomenclatural and Taxonomical History The species was erected by Eichwald 
(1831, 1835) based mainly on the large dimensions of some teeth from Rakhny 
Lesovye (Ukraine). Several years later, Stefanescu (1892) coined another deinoth-
ere species with huge dimensions from Găiceana and Mânzaţi (Romania), which he 
named D. gigantissimum. During the subsequent years, although the species name 
proavum was used by several authors, it was mostly neglected in favor of gigantis-
simum, whereas others included these huge-sized deinotheres within Deinotherium 
giganteum. Nowadays, Turolian deinotheres are mostly accepted as a distinct spe-
cies. Codrea (1994) pointed to the priority of Eichwald’s species, which was further 
supported recently by Pickford and Pourabrishami (2013). Meanwhile, however, 
Kovachev and Nikolov (2006) erected D. thraceiensis, for the Ezerovo (Turolian; 
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Bulgaria) skeleton, yet its specific distinction is not supported by morphological and 
metrical data (Markov 2008b).

Type Material left p4 and m1 (holotype) (Eichwald 1835: pl. 60, figs. 1–5).

Type Locality Rakhny Lesovye in Podolia, Ukraine.

Distribution Late Miocene (Turolian) of Greece (Pikermi, Samos Island, Andriano, 
Halmyropotamos, Perivolaki, Maronia, Gela, Zakros, ?Kerassia); late Miocene 
(Turolian) of Austria, Spain, Germany, Hungary, Slovakia, Moldova, Ukraine, 
Romania, North Macedonia, Bulgaria, South Russia, Turkey, Afghanistan, Iran, Iraq 
(Konidaris et al. 2017).

Remarks During the Turolian, European deinotheres reached huge dimensions 
and are attributed to D. proavum. This species represents the terminal stage of the 
gradual increase in size characterizing the evolutionary history of deinotheres dur-
ing the Miocene in western Eurasia. Diagnostic characters include, among others 
(see Tarabukin 1974; Markov 2008b; Pickford and Pourabrishami 2013; Konidaris 
and Koufos 2019), the large-sized cheek teeth (juvenile and permanent), the mor-
phology of the dp2, and the strongly developed mandibular angle protruding beyond 
the ventral border of the horizontal ramus (Figs. 4 and 5). The species is well-known 
from eastern-southeastern Europe, from where several skeletons are documented 
(Romania, Moldova, Bulgaria, Russia, Greece). In Greece, D. proavum is known 
with the most abundant material among deinotheres. The most complete material is 
a partial skeleton from Gela in Crete (Fig. 5; Poulakakis et al. 2005; Iliopoulos et al. 
2014). Pikermi, Samos, and Halmyropotamos yielded a very important collection of 
craniomandibular, dental, and postcranial remains, including a skull from Samos, 
which is the most complete juvenile deinotheriid skull so far in Eurasia and Africa 
(Konidaris et al. 2017; Konidaris and Koufos 2019) (Fig. 6).

Elephantimorpha Tassy and Shoshani in Shoshani et al., 1998
Mammutida Tassy and Shoshani in Shoshani et al., 1998
Mammutidae Hay, 1922

Comments The family includes elephantimorphs, whose cheek teeth are charac-
terized by zygolophodonty (presence of yoke-like transverse crests), mesiodistally 
compressed and sharp transverse ridges, absence of accessory conules, and pres-
ence of zygodont crests (Tassy 1996a; Shoshani 1996). The intermediate molars 
remain trilophodont throughout the evolutionary history of the family (Tobien 
1996). In Europe, two genera are present: Zygolophodon and Mammut (subfamily 
Mammutinae). The more basal Zygolophodon retains a more bunodont character on 
its cheek teeth, whereas in the more derived Mammut, the zygodont character is 
strongly developed (Tobien 1996). The family originated during the Late Oligocene 
in Africa, and migrated to Europe in the early Miocene, where it existed until the 
Pliocene. Mammutids migrated via the Bering Strait to North America during the 
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Fig. 4 Left tooth row with p3–m3 (cast of GVT-1) of Prodeinotherium cuvieri from the early 
Miocene of Gavathas, Lesvos Island (under permission from N. Zouros, copyright Natural History 
Museum of the Lesvos Petrified Forest). Scale bar equals 5 cm

Fig. 5 Right mandible 
with the lower tusk and 
p3–m3 (NHMC 21.4.2.27) 
of Deinotherium proavum 
from the late Miocene of 
Gela, Aghia Photia (under 
permission from 
C. Fassoulas, copyright 
Natural History Museum 
of Crete). Maximum 
anteroposterior diameter of 
the mandible: 1040 mm 
(Iliopoulos et al. 2014)
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middle Miocene and persisted there until the Late Pleistocene (Saunders 1996). In 
Greece, although some occurrences have been previously attributed to Zygolophodon, 
the only so far representative of Mammutidae is Mammut. This genus is present in 
several localities ranging from the late Miocene to the late Pliocene.

Mammut Blumenbach, 1799

Type Species Elephas americanus Kerr, 1792.

Other Included Taxa M. borsoni (Hays, 1834); M. matthewi (Osborn, 1921); 
M. obliquelophus (Mucha, 1980); M. pacificus Dooley et al., 2019.

Fig. 6 Partial skull of Deinotherium proavum from the late Miocene (Turolian) of Samos (SMF-M 
3604; copyright G. Konidaris). (a–b), cranium with DP2–DP4 of both sides, in left lateral and 
ventral view; (c–d), mandible with dp2–dp4 of both sides, in left lateral and dorsal view. Scale bar 
equals 5 cm
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Distribution Late Miocene–Late Pleistocene of Europe, Asia and North America.

Comments Apart from the well-expressed zygolophodonty on the cheek teeth, the 
genus Mammut is characterized by its shortened mandibular symphysis with rela-
tively small or even vestigial lower tusks and by its straight or upturned upper tusks 
that lack an enamel band (Fig. 6). In these features, it differs from Zygolophodon, 
which has a longer mandible with well-developed lower tusks, and downwardly 
curved upper tusks with an enamel band (Tobien 1996). In Europe, the genus is 
well-known from the Pliocene; however, its first representatives are recorded during 
the Turolian (late Miocene). It should be noted, however, that the generic name 
Mammut for the Eurasian representatives is in question, pending revision of the 
whole sample and comparison with the North American specimens (see discussion 
in Markov 2008b, and von Koenigswald and Göhlich 2019).

Mammut sp. [M. obliquelophus? (Mucha, 1980)]

Nomenclatural and Taxonomical History The species was erected by Mucha 
(1980) for a mammutid mandible from Romanovka (Ukraine). Markov (2008b) 
validated the species and included into it the skull remains from the Balta Sands in 
Podolia (Ukraine), which were attributed by Kubiak (1972) to Mammut praetypi-
cum as well as material from other late Miocene localities (see discussion in 
Markov 2008b).

Type Material Paleontological Museum of Odessa State University, Nr. 3347, 
mandible with m2–m3 (holotype) (Mucha 1980: pl. 1).

Type Locality Romanovka, Ukraine.

Distribution Late Miocene (Turolian) of Greece (Pikermi, Mytilinii-1A-Samos, 
Ravin des Zouaves-5, Halmyropotamos, Neokaisareia, Palaio Keramidi), and from 
the late Miocene (Turolian) of Bulgaria, Hungary, Spain, North Macedonia, 
Moldova, Ukraine, Southern Russia, Spain, and China.

Remarks The late Miocene representative of European (and possibly also Asian) 
mammutids, M. obliquelophus, shows similar cheek tooth morphology as Mammut 
borsoni; however, the length of the symphysis and the size of the lower tusks are 
distinguishing features between the species: M. obliquelophus is characterized by a 
symphysis that is longer than the tooth row and equipped with well-developed tusks, 
whereas in M. borsoni the symphysis is much reduced and bears small tusks 
(Markov 2008b). Apart from the Neokaisareia partial skeleton (including an upper 
tusk) and the Palaio Keramidi molar of this taxon (Konidaris and Tsoukala 2020), 
the Greek material includes predominantly juvenile specimens (Pikermi, Ravin des 
Zouaves-5, Mytilinii-1A, Halmyropotamos), but it is very important, including two 
crania, two maxillae, two mandibles, and isolated teeth (Melentis 1967; Koufos 
1980; Tassy 1985; Konidaris and Koufos 2009, 2013a; Konidaris 2013). Their 
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 complete study is in progress, and we tentatively attribute here this material to 
Mammut sp. (M. obliquelophus?).

Mammut borsoni (Hays, 1834)

Nomenclatural and Taxonomical History Borson (1823) described and figured a 
tooth from Villanova d’Asti (Italy). Later on, Hays (1834), who had in his posses-
sion a cast of this tooth, erected the new species Mastodon borsoni. Osborn (1926, 
1936) refers to the species as Zygolophodon borsoni, a binomen already used by 
Pohlig (1988). Meanwhile, however, Schlesinger (1922) already included the spe-
cies within subgenus Mastodon (Mammut), currently elevated to the genus level.

Type Material MGPT-PU 14896 (holotype), right M3 (Borson 1823: pl. 2).

Type Locality Villanova d’Asti, Piedmont, Italy.

Distribution Late Pliocene (early Villafranchian, MN16) of Greece (Milia, 
Grevena) and various Pliocene localities (Ruscinian–early Villafranchian, MN14–
MN16) of Europe and Asia; its presence during the middle Villafranchian (MNQ 
17; Early Pleistocene) of Europe is insecure based on the current evidence.

Remarks The Borson’s mastodon is best known from Milia, a locality which has 
yielded the richest and most important material of this species. The material con-
sists of several partial skeletons and isolated skeletal elements, including two com-
plete pairs of the longest upper tusks ever recorded in the world and the most 
complete mandible in Europe (Tsoukala 2000; Tsoukala and Mol 2016). The upper 
tusks are almost straight with a slight upward curvature and torsion, long but slen-
der, they have almost circular cross-section, and they lack enamel (Fig.  7). The 
brevirostrine mandible bears rudimentary lower tusks of oval section and the molars 
show well-expressed zygolophodonty (Fig. 7a). Mammut borsoni is mentioned also 
from other localities in Greece, albeit with no precise stratigraphic information (see 
Appendix).

Elephantida Tassy and Shoshani in Shoshani et al., 1998
Choerolophodontidae Gaziry, 1976

Comments The family Choerolophodontidae includes bunodont trilophodont ele-
phantimorphs, whose most distinctive dental features are the chevroning of the half- 
loph(id)s (mesially pointing chevrons, “V”), the choerodonty (multiplication of 
accessory conules), the ptychodonty (corrugated enamel), and the cementodonty 
(cement cover), with all these traits more-expressed in the later and more derived 
species. Other choerolophodont features include the upward curvature of the upper 
tusks that lack enamel, the long mandibular symphysis without tusks, and the strong 
development of the facial region of the cranium, which is elongated in comparison 
with the cerebral region. Choerolophodonts originated during the early Miocene, a 
period when they were distributed in northern/eastern Africa and South Asia. 
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Subsequently, during the end of the early Miocene–middle Miocene, they dispersed 
to Southeastern Europe and China, and possibly to North America. The last appear-
ances of choerolophodonts are traced at the latest Miocene. In Greece, they are 
known from several localities ranging from the middle to the late Miocene.

★Choerolophodon Schlesinger, 1917

Type Species Mastodon pentelicus Gaudry and Lartet, 1856.

Other Included Taxa C. anatolicus (Ozansoy, 1965); C. chioticus Tobien, 1980; 
C. corrugatus (Pilgrim, 1913); C. guangheensis Wang and Deng, 2011; C. kisum-
uensis (MacInnes, 1942); C. ngorora (Maglio, 1974); C. palaeindicus (Lydekker, 
1884); C. zaltaniensis Gaziry, 1987a.

Distribution Miocene of Europe, Africa, and Asia.

★Choerolophodon chioticus Tobien, 1980

Nomenclatural and Taxonomical History A complete skull from the middle 
Miocene of Thymiana on Chios Island (Greece), originally attributed to 
Gomphotherium angustidens (Tobien 1973), constitutes the holotype of 
Choerolophodon chioticus, erected by Tobien (1980). Pickford (2001), who studied 
cranial material from Kenya, erected the genus Afrochoerodon, in which he included 

Fig. 7 Mammut borsoni remains from the late Pliocene of Milia. (a), Mandible with lower tusks 
and m2–m3 of both sides (MIL 143), left ulna (MIL 141) and right tibia (MIL 142) from Milia 1; 
all belong to the same individual; (b), partial skeleton from Milia 5; (c), close view of the left (MIL 
561) and right (MIL 560) upper tusks from Milia 5
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also the Thymiana specimen. According to Shoshani and Tassy (2005) Afrochoerodon 
constitutes a paraphyletic taxon placed within Choerolophodon.

Type Material AMPG-937 (holotype), cranium with I2, M1–M2, and erupting 
M3 of both sides, and associated mandible with m1–m2 and erupting m3 of both 
sides (Fig. 8).

Type Locality Thymiana, Chios Island, Greece, middle Miocene, late 
Orleanian, MN5.

Distribution Middle Miocene (late Orleanian, MN5) of Greece (Thymiana), and 
possibly from the middle Miocene of Turkey and Bulgaria.

Remarks Choerolophodon chioticus from Thymiana represents the earliest known 
choerolophodont in Europe. The skull is characterized, among others, by: moderate 
elongation, steeply inclined facial region and high cerebral region of the cranium; 
upper tusks that emerge downwards, then curve upward and at the tip inward; long 
and downwards deflected mandibular symphysis (Fig. 8); and, weak to moderate 
expressed choerodonty, ptychodonty, and cementodonty on the molars. The 
Thymiana cranium is less derived than the late Miocene choerolophodonts and 
closer to C. kisumuensis (Tobien 1980; Tassy et al. 1989; Pickford 2001; Konidaris 
et al. 2016). The distal fragment of an m3 from Thymiana, attributed by Paraskevaidis 
(1940: pl. 14, fig. 6) to Trilophodon (Mastodon) angustidens, possibly also belongs 

Fig. 8 Cranium with upper tusks, M1–M2 and erupting M3 of both sides, and associated mandi-
ble with m1–m2 and erupting m3 of both sides (holotype; AMPG-937) of Choerolophodon chioti-
cus from the middle Miocene of Thymiana, Chios Island (copyright G.  Konidaris). Scale bar 
equals 50 cm
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to Choerolophodon. Study of additional material from Thymiana is in progress. 
Thymiana is bio- and magnetostratigraphically correlated to the middle Miocene 
(late Orleanian, MN 5), at ~15.5 Ma (Koufos 2006).

Choerolophodon anatolicus (Ozansoy, 1965)

Nomenclatural and Taxonomical History Trilophodon (Choerolophodon) ana-
tolicus was erected as a new choerolophodont species by Ozansoy (1965) based on 
material from Yassiören (Middle Sinap, Turkey). However, in the subsequent years, 
the species was regarded as synonymous with C. pentelici, until Sanders (2003), 
who studied new material from the Sinap localities, re-established its validity. 
Sanders attributed to this species specimens from several other Turkish localities, 
including some of the material that had been attributed by Gaziry (1976) to C. pen-
telici and a mandible from Eşme Akçaköy assigned to C. pentelici lydiensis by 
Tassy et al. (1989) (see below). Recently, Konidaris et al. (2016) revised C. anatoli-
cus and marked its presence for the first time outside Turkey in the Greek locality 
Pentalophos-1 of Axios valley.

Type Material MNHN-TRQ-1000 (lectotype), maxilla with right DP2–DP4 and 
left DP3–DP4.

Type Locality Yassiören, Middle Sinap, Turkey, early Vallesian, MN9.

Distribution Late Miocene (early Vallesian, MN9) of Greece (Pentalophos-1), and 
the late Miocene (early Vallesian–?late Vallesian, MN9–?10) of Turkey, and possi-
bly of Moldova and Romania.

Remarks Choerolophodon anatolicus is diagnosed and differentiated from C. pen-
telici, among other characters, by the moderate retracted perinasal area in the cra-
nium, the ventrally deflected mandibular symphysis in adult individuals, the small 
size of the deciduous teeth and the weak development of the distal cingulum in the 
DP3/dp3, which is connected to the second loph(id) (Sanders 2003; Konidaris and 
Koufos 2013a; Konidaris et al. 2016). The first and so far only record of C. anatoli-
cus in Greece is traced in the early Vallesian locality Pentalophos-1 of Axios valley 
(Konidaris and Koufos 2013a; Konidaris et al. 2016). The material consists of juve-
nile and adult specimens (Fig. 9), which present more primitive morphology and 
smaller dimensions than the rest of the choerolophodont material from Axios valley, 
as well as from Pikermi and Samos, and are similar to those of C. anatolicus from 
Yassiören, Sinap 12 and Eşme Akçaköy (Turkey).

★Choerolophodon pentelici (Gaudry and Lartet, 1856)

Nomenclatural and Taxonomical History Gaudry and Lartet (1856) erected the 
species Mastodon pentelicus based on proboscidean remains from the Turolian 
locality Pikermi. This material was subsequently studied in detail by Gaudry 
(1862–1867) (specimens of Konobelodon atticus were included in this study as 

The Fossil Record of the Neogene Proboscidea (Mammalia) in Greece



318

well; see below), who emended also the species name Mastodon pentelici, although 
such a correction was not necessary (Tassy 1985: p. 617). Later on, Schlesinger 
(1917, 1922) studied choerolophodonts from Samos Island and Maragheh (Iran) 
and erected the subgenus Mastodon (Choerolophodon), while Arambourg and 
Piveteau (1929) studied specimens from Axios valley. Since then, all the late 
Miocene choerolophodont material has been referred to this species without any 
distinction. Gaziry (1976) was the first, who recognized different evolutionary den-
tal features within the late Miocene choerolophodonts of Turkey. Subsequently, 
Tassy et al. (1989) erected the subspecies C. p. lydiensis for an adult mandible from 
Eşme Akçaköy, a specimen, which was later transferred by Sanders (2003) to 
C. anatolicus (see above). From the fossiliferous sites of Kemiklitepe, Tassy (1994) 
identified two different evolutionary morphs, a primitive one in Kemiklitepe-D and 
a more advanced one in Kemiklitepe A-B. Recently, Konidaris (2013) examined all 
the choerolophodont material from Greece (old and new collections) and revised 
specimens from western Eurasia, and recognized the presence of two evolutionary 
stages within C. pentelici. In particular for Greece, “C. pentelici primitive” is cor-
related to the late Vallesian until possibly the early Turolian (MN10–?11; 
Xirochori-1, Ravin de la Pluie, Ravin des Zouaves-1, and from an unknown locality 
from the Turolian of Samos Island) and “C. pentelici advanced” from the Turolian 
(MN11–13; Pikermi, Samos Island, Mytilinii-1B-Samos, Andriano-Samos, Nikiti-2, 
Ravin des Zouaves-5, Prochoma-1, Vathylakkos-2, Ravin X and Dytiko-2, 3 
(Konidaris and Koufos 2016, 2019; Konidaris et al. 2016).

Type Material MNHN-PIK-3665 (lectotype), juvenile cranium with right DP2–
DP4, left I2 and left DP4, and associated mandible with right dp3–dp4 and left dp4 
(Fig. 10a–d).

Type Locality Pikermi, Attica, Greece, late Miocene, middle Turolian, MN12.

Fig. 9 Right mandibular fragment with m2–m3 (LGPUT-PNT-154) of Choerolophodon anatoli-
cus from the late Miocene (Vallesian) of Pentalophos-1, Axios valley (copyright G. Konidaris). 
Scale bar equals 5 cm
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Fig. 10 (a–d), Juvenile cranium with right DP2–DP4, left upper tusk and left DP4, and associated 
mandible with right dp3–dp4 and left dp4 (lectotype; MNHN-PIK-3665) of Choerolophodon pen-
telici from the late Miocene (Turolian) of Pikermi; (a), left lateral view of the cranium; (b), ventral 
view of the cranium; (c), lateral view of the right hemimandible; (d), dorsal view of the mandible 
(copyright G. Konidaris); (e), right upper tusk (LGPUT-NIK-1776) in lateral view of C. pentelici 
from the late Miocene (Turolian) of Nikiti-2 (copyright G. Konidaris). Scale bar equals 10 cm
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Distribution Late Miocene (late Vallesian–late Turolian, MN10–13) of Greece 
(Xirochori-1, Ravin de la Pluie, Ravin des Zouaves-1, Ravin des Zouaves-5, 
Nikiti-2, Prochoma-1, Vathylakkos-2, Pikermi, Mytilinii-1B, Samos Island-old col-
lections, Andriano, Kerassia, Ravin X, Kryopigi, Dytiko-2, 3, Dikaia, Sani, 
?Maramena, ?Pyrgos Vassilissis, ?Servia). Outside Greece it is known from the late 
Miocene (?late Vallesian–middle Turolian, ?MN10, MN11–12) of Turkey, Bulgaria, 
North Macedonia, Romania, Moldova, Iran, Iraq, and possibly in Ukraine and 
Azerbaijan.

Remarks The skull of C. pentelici is characterized, among other traits, by an elon-
gated cranium with moderately inclined facial region and low cerebral region, orbits 
situated at the top of the cranium and far behind the last molar in function, retracted 
perinasal area and narrow nasal aperture, and mandibular symphysis situated ven-
trally at the extension of the corpus in both juvenile and adult specimens (Fig. 10a–
d). The upper tusks emerge sub-horizontally and outwards and then curve upward 
(Fig. 10e). The deciduous teeth are large, the distal cingulum of the dp3/DP3 is well 
developed, and it is separated from the second loph(id) in the more advanced 
morphs. Choerodonty, ptychodonty, and cementodonty are well-expressed in the 
cheek teeth. The last appearance of C. pentelici is traced in the late Turolian (MN 
13) localities of Dytiko in Axios valley (Konidaris et  al. 2016). Schmidt-Kittler 
et  al. (1995) note the occurrence of this species in the faunal list of Maramena 
(Serres basin), dated to the Miocene/Pliocene (MN13/14) boundary. If this occur-
rence is indeed C. pentelici, then the species survived until the uppermost Miocene.

Amebelodontidae Barbour, 1927

Comments The family includes predominantly bunodont trilophodont elephanti-
morphs (tetralophodonty in all intermediate molars has reached only the genus 
Konobelodon), commonly called “shovel-tuskers” due to the broadening and flat-
tening of their lower tusks. However, the monophyly of the family is based on the 
straight medial border of the lower tusks and the posttrite conules on the molars 
(Tassy 1996a; see also Shoshani 1996). Based on the internal structure of the lower 
tusks, two groups of amebelodontids are distinguished: one with only concentric 
laminated dentine (Archaeobelodon, Protanancus, Amebelodon, Serbelodon, 
Aphanobelodon) and another with presence of tubular dentine or otherwise called 
dentinal rods (Platybelodon, Torynobelodon, Konobelodon) (Tassy 1986, 1996a; 
Konidaris et al. 2014; Wang et al. 2017a). The family originated during the early 
Miocene in Africa, but rapidly dispersed into Europe and Asia, and subsequently 
into North America; by the beginning of the Pliocene amebelodontids had vanished 
(Lambert and Shoshani 1998; Sanders et al. 2010). In Greece, amebelodontids are 
represented so far only by the late Miocene Konobelodon.

Konobelodon Lambert, 1990

Type Species Amebelodon (Konobelodon) britti Lambert, 1990.
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Other Included Species K. atticus (Wagner, 1857); K. cyrenaicus (Gaziry, 1987b); 
K. robustus Wang et al., 2016.

Distribution Late Miocene of Europe, Africa, Asia, and North America; in Europe 
is known from the late Vallesian until the late Turolian.

Comments Konobelodon was originally erected as a subgenus of Amebelodon, 
which included the shovel-tuskers with tetralophodont first and second molars, and 
flattened lower tusks bearing internal dentinal rods from the late Miocene of North 
America (Barbour and Hibbard 1941; Gregory 1945; Lambert 1990) [we note here 
that the DP4, associated with fully tetralophodont M1  in the palate KUVP-3477 
from the Rhino Hill site, Kansas, U.S.A. (Barbour and Hibbard 1941), albeit con-
siderably worn shows an incipient fourth loph (GK observation on photos provided 
by C. Beard, University of Kansas); Mebrate (1987: p. 232) described the DP4 as 
trilophodont with a talon, Lambert (1990) mentioned it as trilophodont, while 
Lambert (pers. comm. 2020 to GK) as quasi-tetralophodont]. Lambert (1990) 
included also to the same genus/subgenus the Sahabi Amebelodon cyrenaicus—
described by Gaziry (1987b) and considered a possible junior synonym of Mastodon 
grandincisivus by Tassy (1999) —whose lower tusk shows tubular dentine; trilo-
phodont m1 and tetralophodont m2 were originally attributed to this taxon; how-
ever, it is uncertain whether these molars belong to the same taxon as the lower tusk 
(holotype) or each other (Markov 2008b; Sanders 2008). Konidaris et  al. (2014) 
described juvenile mandibles from Pikermi belonging to a tetralophodont grade 
species bearing flat lower tusks with tubular dentine, as well as an adult large lower 
tusk with flattened-pyriform cross-section and internal dentinal rods. The upper and 
lower deciduous premolars (some of the lower ones associated with flat lower tusks) 
are both morphologically and metrically similar to those of Mastodon atticus 
(Wagner 1857; Gaudry 1862–1867; usually attributed to Tetralophodon atticus), 
and the adult lower tusk is morphologically and metrically similar to the holotype 
of Mastodon grandincisivus from Maragheh (Iran; Schlesinger 1917). Konidaris 
et al. (2014) revised the tetralophodont material from Pikermi (see below), noting 
the similarities with the lower tusks from North America, and proposed the eleva-
tion of Konobelodon to generic level, the synonymy between Mastodon atticus and 
Mastodon grandincisivus, and the inclusion of all the Turolian tetralophodont 
shovel-tuskers from western Eurasia to Konobeledon atticus. New tetralophodont 
amebelodontid material from China, including juvenile specimens (with striking 
morphological resemblance to the deciduous premolars from Pikermi, including the 
holotype of Mastodon atticus) and adult mandibles preserving the flattened lower 
tusks with internal dentinal tubules (Wang et  al. 2016), corroborates further the 
attribution of the Pikermi tetralophodont material to an amebelodontid. Tassy (2016) 
suggested that the paratype of K. britti is similar to the holotype of Torynobelodon 
loomisi Barbour 1929 [Torynobelodon is considered a junior synonym of 
Platybelodon in Shoshani and Tassy (1996b: app. A)] and therefore that Konobelodon 
is a junior synonym of Torynobelodon; Konobelodon atticus should thus be 
Torynobelodon atticus. However, the tusk of T. loomisi has different cross-sectional 
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shape from the tusk of K. britti, as well as from those of K. robustus and K. atticus, 
e.g., from Pikermi, Maragheh and Pestszentlörinc (Hungary), having wide and 
straight medial border, roughly the same width in the middle and lateral parts, and 
with very shallow dorsal and ventral concavities. Moreover, it is unknown whether 
the tusk of T. loomisi, which is so far the single known specimen of this species, 
belonged to a trilophodont or tetralophodont grade species. Consequently, the cur-
rent evidence does not support the synonymy between Konobelodon and 
Torynobelodon, and they should be considered distinct genera. Finally, the co- 
existence between a tetralophodont amebelodontid (here Konobelodon) and a 
derived tetralophodont taxon, such as that found in the Turolian of Crevillente 2 
[Spain, Mazo and Montoya 2003; possibly related to Stegotetrabelodon (Tassy 
2016)], or Stegotetrabelodon (present in the Turolian of Cessaniti, Italy; Ferretti 
et al. 2003), both having oval/sub-circular cross-sections with lamellar dentine in 
their lower tusks, cannot be excluded for Pikermi or other Turolian localities of the 
wider region, as discussed by Tassy (2016). Nonetheless, such evidence is so far not 
recorded in the Turolian of the Greco-Iranian-Afghan (sensu Bonis et  al. 1992; 
Balkano-Iranian or Sub-Paratethyan) paleobiogeographic province.

★Konobelodon atticus (Wagner, 1857)

Nomenclatural and Taxonomical History The type locality of the tetralophodont 
amebelodontid K. atticus is Pikermi, from where the richest material of this species 
is known. The species has a long and complicated taxonomical history. The pres-
ence of tetralophodonts in Pikermi was recognized early by Wagner (1857), who 
described a juvenile maxilla and erected the species “Mastodon atticus G. and L.” 
However, Wagner (1857) attributed Mastodon atticus to Gaudry and Lartet (1856), 
but as noted by Gaudry (1862: p. 142 footnote), the only bunodont proboscidean 
referred by Gaudry and Lartet (1856: p. 273) was the trilophodont Mastodon pente-
licus (= Choerolophodon pentelici). Few years later, Lartet (1859) transferred the 
Pikermi tetralophodonts to Mastodon longirostris (= Tetralophodon longirostris). 
Gaudry (1862–1867) included all bunodont proboscideans from Pikermi (tri- and 
tetralophodonts) to Mastodon pentelici. Subsequently, Vacek (1877: p.  32, pl. 7) 
attributed a third molar from Pikermi to Mastodon atticus, which was transferred to 
Stegotetrabelodon grandincisivus by Tobien (1978). The tetralophodont material of 
Wagner (1857) and Gaudry (1862–1867), as well as that described by the latter 
author as Mastodon turicensis, was included in the zygodont taxon Turicius atticus 
by Osborn (1936). More recently, Tassy (1985) referred the tetralophodonts of 
Pikermi to Tetralophodon atticus, although he later questioned this generic attribu-
tion (Tassy 2005). Konidaris et al. (2014) studied all the published tetralophodont 
material from Pikermi, as well as previously unpublished material from the locality 
originating from the old excavations, and attributed them to the amebelodontid 
Konobelodon atticus (see discussion above).

Type Material SNSB-BSPG-AS II 182 (holotype), left maxillary fragment with 
DP2–DP3 (Fig. 10a).
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Type Locality Pikermi, Attica, Greece, late Miocene, middle Turolian, MN12.

Distribution Late Miocene (Turolian) of Greece (Pikermi, Samos-old collections, 
Kerassia-4, and possibly from Platania). Outside Greece, it is known from the late 
Miocene (Turolian, MN11–13) of Turkey, Bulgaria, Moldova, Ukraine, Hungary, 
North Macedonia, and Iran.

Remarks The species is characterized, among other features, by the tetralopho-
dont intermediate molars, the enlarged third loph in the DP3 with posttrite-pretrite 
connection in both transverse valleys and well-marked second ento-/ectoflexus 
(Fig. 11a), the large-sized and dorsoventrally flattened-pyriform adult lower tusks 
that have thin concentric laminated dentine layer externally and tubular dentine 
internally (Fig. 11b), and by the long and high mandibular symphysis (Konidaris 
et al. 2014). Apart from Pikermi, the species is known from Samos, Kerassia-4 and 
possibly from Platania (Lehmann 1950; Theodorou et  al. 2003; Konidaris et  al. 
2014; Konidaris and Koufos 2019; Konidaris and Tsoukala 2020). It is well distrib-
uted from the early until the late Turolian of eastern Europe-western Asia and in 
Greece, in particular, is present possibly from the Vallesian/Turolian boundary 
(Platania) until the middle Turolian (Pikermi).

Gomphotheriidae Hay, 1922

Comments This paraphyletic family includes the bunodont trilophodont and 
tetralophodont elephantimorphs, excluding the choerolophodontids and amebelo-
dontids, and constitutes the most diverse family within Elephantimorpha. By the 
early Miocene, the primitive Gomphotherium “annectens group” had already a cos-
mopolitan distribution in Africa, Europe, and Asia (Tassy 1996b); during the middle 
Miocene, gomphotheriids entered North America and persisted in South America 
until the beginning of the Holocene (Lambert and Shoshani 1998; Mothé et  al. 
2017). In Europe, gomphotheriids are represented by the trilophodont 
Gomphotherium and the tetralophodonts Tetralophodon and Anancus. In Greece, 
only tetralophodont gomphotheres are known so far.

Tetralophodontinae van der Maarel, 1932
Tetralophodon Falconer, 1857

Type Species Tetracaulodon longirostre Kaup, 1832b.

Other Included Species T. euryrostris Wang et  al., 2017b; T. xialongtanensis 
(Chow and Chang, 1974).

Distribution Middle–late Miocene of Europe, Asia, and Africa.

Comments Tetralophodon includes tetralophodont gomphotheres with long man-
dibular symphysis bearing pyriform to oval in cross-section lower tusks (in contrast 
to the brevirostrine and tuskless Anancus), consisting of concentric lamellar dentine 
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(no dentinal rods like Konobelodon), intermediate molars, and third molars that 
show trefoil wear patterns (not plate like pattern such as Stegotetrabelodon) and 
rounded upper tusks that lack enamel bands.

Tetralophodon longirostris (Kaup, 1832b)

Nomenclatural and Taxonomical History Tetralophodont proboscidean remains 
from the Eppelsheim Formation (Dinotheriensande) of the Mainz Basin in Germany 
were originally allocated to the species Tetracaulodon longirostre by Kaup (1832b) 
(Tetracaulodon = Mammut), and slightly later they were assigned to Mastodon lon-
girostris (Kaup 1835). This species was subsequently included within the subgenus 
Mastodon (Tetralophodon) by Falconer (1857).

Fig. 11 Konobelodon atticus from the late Miocene (Turolian) of Pikermi. (a), Left maxilla frag-
ment with DP2–DP3 (holotype; SNSB-BSPG-AS II 182) (copyright G.  Konidaris), (b), right 
lower tusk (AMPG-PA1972/61) in ventral view with cross-sections (copyright G.  Konidaris). 
Scale bars equal 5 cm
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Type Material HLMD-Din 111 (holotype), mandible fragment with left m2–m3.

Type Locality Eppelsheim, Germany, Miocene.

Distribution ?Late Miocene (?Vallesian) of Greece (Fourka area, seabed of 
Kryopigi, Chelona beach). Outside Greece, this species is known from the middle–
late Miocene (?early Astaracian, late Astaracian–Vallesian, ?MN6, MN7/8–9, 
?MN10) of Europe.

Remarks Tetralophodon longirostris shows an evident variation in the dental mor-
phology and the shape of the mandible (especially the curvature of the mandibular 
symphysis), which were attributed to polymorphism (Tassy 1985, 1999). Most of 
the known specimens originate from the Eppelsheim Formation, which was gener-
ally considered to be of Vallesian age. However, recent studies indicate the strati-
graphic inhomogeneity due to reworking of the sediments and a chronological range 
of the fauna from the middle Miocene to the late Miocene (Böhme et  al. 2012; 
Pickford and Pourabrishami 2013). In this aspect, the revision of all known material 
from Europe and the discovery of new specimens are necessary to clarify the tax-
onomy of the European Tetralophodon, and especially whether T. curvirostris 
Bergounioux and Crouzel 1960 and T. gigantorostris (Klähn 1922) are indeed vari-
eties of T. longirostris.

In Greece, Lazaridis and Tsoukala (2014b) and Lazaridis (2015) report on the 
presence of isolated findings of T. longirostris from several collection spots (two of 
them were recovered from the seabed) of provisionally Vallesian age within the 
Kassandra sand deposits, considering that they originate from the Antonios 
Formation of Western Chalkidiki and date to the late Miocene. This Formation is 
biostratigraphically dated from the early/middle Miocene boundary (close to 
MN4/5) until the late Miocene (pre-middle Turolian but possibly Vallesian) (Syrides 
1990; Koufos 2013; Lazaridis et al. 2017).

Anancinae Hay, 1922
Anancus Aymard in Dorlhac, 1855

Type Species Mastodon arvernensis Croizet and Jobert, 1828.

Other Included Species A. capensis Sanders, 2007; A kenyensis (MacInnes, 
1942); A. lehmanni Gaziry, 1997; A. osiris Arambourg, 1945; A. perimensis 
(Falconer and Cautley, 1847); A. petrocchii Coppens, 1965; A. sinensis (Hopwood, 
1935); A. sivalensis (Cautley, 1836); A. ultimus Sanders, 2011.

Distribution Late Miocene–Early Pleistocene of Europe, Africa, and Asia.

Comments Anancine gomphotheres, represented by the single genus Anancus, 
have tetralophodont (to pentalophodont) intermediate molars, whose main morpho-
logical feature is the dislocation of the pretrite and posttrite half-loph(id)s and the 
resultant alternate arrangement of the successive loph(id)s (anancoidy). In particu-
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lar, in upper molars, the pretrite half-lophs are mesially offset, whereas in lower 
molars the pretrite half-lophids are distally dislocated, establishing thus an alternate 
contact of the successive loph(id)s (Tassy 1986). Other anancine characters include 
the high and short cranium with domed and elevated vault, the enlarged tympanic 
bullae, the brevirostrine mandible without tusks, the straight upper tusks (Anancus 
means “without a bend”; although slightly curved upper tusks exist) lacking enamel 
bands, and the absence of premolars, except in A. kenyensis (Tassy 1986; Hautier 
et al. 2009). The earliest occurrences of Anancus are traced during the Turolian (late 
Miocene). The genus flourished in the Old World during the Pliocene (in Europe 
commonly co-occurring with the zygolophodont Mammut borsoni) and survived 
until the Early Pleistocene (co-occurring also with Mammuthus), being the last 
gomphothere of the Old World.

Anancus lehmanni Gaziry, 1997

Nomenclatural and Taxonomical History Anancine gomphotheres from the late 
Miocene of Europe were recognized as Mastodon cf. longirostris (Schlosser 1907), 
subsequently to transitional forms between Mastodon longirostris and Mastodon 
arvernensis (e.g., Schlesinger 1917; Zapfe 1957) and later on to Anancus sp. (Tassy 
1986; Markov 2008b). Gaziry (1997) studied the elephantimorphs from Dorn- 
Dürkheim 1 (Germany) and described four taxa: Tetralophodon longirostris, 
Anancus arvernensis turoliensis, Stegotetrabelodon lehmanni, and Stegolophodon 
caementifer, the second one a new subspecies and the latter two new species. 
However, apart from the material referred by Gaziry to “A. a. turoliensis,” the holo-
type of “S. lehmanni” and other specimens attributed to this species are also included 
in Anancus, as well as specimens of T. longirostris (Konidaris and Roussiakis 2019). 
The species name lehmanni has nomenclatural priority over the subspecies name 
turoliensis due to its original higher taxonomic ranking (see also discussion in 
Markov 2008b). Konidaris and Roussiakis (2019) revised the known anancine 
 specimens from the late Miocene of Europe (see below) and attributed them to 
Anancus lehmanni.

Type Material SMF-DD 3151(holotype), right M3 (Gaziry 1997: pl. 3, fig. 3).

Type Locality Dorn-Dürkheim-1, Germany, Turolian.

Distribution Late Miocene (middle Turolian, MN12) of Greece (Chomateri), and 
from numerous localities from the late Miocene (middle–late Turolian, MN12–13) 
of Germany, Austria, Slovakia, Hungary, Spain, Romania, North Macedonia, 
Bulgaria, Northern Caucasus, and Turkey.

Remarks The late Miocene anancines from Europe are well distinguished from 
the roughly contemporaneous, but more derived, A. kenyensis, and the Plio–
Pleistocene A. arvernensis, as well as from other anancines, in the morphology of 
the mandible (longer symphysis, condyle only slightly higher than the coronoid 
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process), the cranium (straight and parallel premaxillary tusk alveoli, more anterior 
location of the orbit), the upper tusks (downturned, running almost parallel), and the 
primitive molar features on the cheek teeth (weak anancoidy, simple occlusal mor-
phology, thick and unfolded to coarsely folded enamel on the molars) (Konidaris 
and Roussiakis 2019). The combination of the above traits is unique among anan-
cines and permits the distinction at the species level, the proper name of which is 
Anancus lehmanni [see discussions in Markov (2008b) and Konidaris and Roussiakis 
(2019)]. Previously known only from the Pliocene and the Pleistocene of Greece, 
Anancus was recently reported for the first time from the late Miocene of Greece in 
Chomateri (Fig.  12a), marking its earliest occurrence in the Greek fossil record 
(Konidaris 2013; Konidaris and Koufos 2013a, b; Konidaris and Roussiakis 2017, 
2019). The appearance of Anancus in Europe at the second half of the Turolian 
(~7.2 Ma) coincides with a faunal turnover in both the eastern and western sector of 
the European Mediterranean region and, in the Southern Balkans in particular, with 
the decline of the “Pikermian” large mammal fauna (Kostopoulos 2009; Böhme 
et al. 2017).

Anancus arvernensis (Croizet and Jobert, 1828)

Nomenclatural and Taxonomical History Croizet and Jobert (1828) erected 
Mastodon arvernensis based on juvenile dental specimens from Perrier in Puy-de- 
Dôme (Auvergne-Rhône-Alpes, France). In 1855 Aymard coined the genus Anancus 
and the species A. macroplus, which was slightly later synonymized with Mastodon 

Fig. 12 (a), Right maxilla fragment with DP2–DP4 (AMPG-13Π/1972) of Anancus lehmanni 
from the late Miocene (Turolian) of Chomateri (copyright G. Konidaris); (b–c), mandible with the 
m3s (AMPG-1918) of Anancus arvernensis from the late Pliocene of Sesklon in b dorsal view and 
c right lateral view (copyright A. Athanassiou). Scale bars equal 5 cm
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arvernensis (Lartet 1859), although the new combination was not utilized. Osborn 
(1936) recognized the binomen Anancus arvernensis. Meanwhile, Schlesinger 
(1917, 1922) attributed material from Austria and Hungary to Mastodon (Dibunodon) 
arvernense, a subgenus which is though a junior synonym of Anancus (Matsumoto 
1927; Gaziry 1976).

Type Material MNHN-A.C. 1830 (lectotype), right maxilla fragment with DP2–
DP3 (Croizet and Jobert 1828: pl. 2, fig. 7).

Type Locality Perrier-les-Étouaires, France, late Pliocene, late Ruscinian, MN16.

Distribution Several Pliocene–Early Pleistocene localities of Greece, (e.g., Milia, 
Gephyra, Sesklon, Vatera, Apolakkia, Nigrita) and in the Pliocene–Early Pleistocene 
(Ruscinian–middle Villafranchian, MN14–MNQ17) of Europe.

Remarks This species represents the Pliocene–Pleistocene representative of the 
European anancines and the last gomphothere to have survived in Europe. The rich-
est material originates from Dorkovo (early Pliocene; Bulgaria), but important 
material is known also from Chilhac (France) and Valdarno (Italy) (Weithofer 1890; 
Boeuf 1992; Metz-Muller 2000; Rook et al. 2013). The research of Metz-Muller 
(2000) proved the high intraspecific variability (including the complexity of the 
cheek teeth and the occasional occurrence of pentalophodont m2) and included the 
biometrical study of the mandibles resulting in the definition of dental ages; more-
over, the study showed that A. arvernensis presents a tendency towards shortening 
of the molars, increase of the hypsodonty, and simplification of the crown.

In Greece, although several A. arvernensis specimens are known, most of them 
are isolated dental findings with uncertain stratigraphic position. However, impor-
tant and stratified material is known from Sesklon (including a partial cranium, a 
mandible and an upper tusk, Fig. 12b–c; Symeonidis and Tataris 1983; Athsanassiou 
2016, 2018), Nigrita (a partial cranium with the upper tusks and the molars; 
Athanassiou 2017), Apolakkia (a partial cranium with the upper tusks and the 
molars; Theodorou et  al. 2000), Milia (mandible and teeth; Tsoukala and Mol 
2016), Gephyra (mandibles and postcranials; Crégut-Bonnoure and Tsoukala 2017), 
Kalliphytos (mandible; Athanassiou 2016), and Vatera (teeth; de Vos et al. 2002).

Stegodontidae Osborn, 1918
Stegodon Falconer and Cautley, 1847

Type Species Mastodon elephantoides Clift, 1828.

Other Included Species See Saegusa et  al. (2005) and Aiba et  al. (2010) for a 
complete list.

Distribution Late Miocene–Late Pleistocene of Asia, Africa, and Europe.
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Comments The genus Stegodon includes the stegodontids, which are character-
ized and differentiated from the more archaic Stegolophodon by their intermediate 
molars with five or more loph(id)s, third molars with no distinct central conule, 
absence of lower tusks, and two lophids above the mesial root of the lower third 
molar (Saegusa et al. 2005).

Stegodon sp.

Remarks A fragment of a third molar of Stegodon sp. (Fig. 13) from an unknown 
locality (and therefore no information about geological age), but possibly from the 
wider area of Siatista (Kozani), constitutes the first evidence of the presence of ste-
godontids in Europe, extending their previously known geographical distribution 
(Mol et al. 2010).

6  Concluding Remarks

Proboscideans are common in the Neogene faunas of Greece with relatively abun-
dant material, and they are present in most of the Neogene fossiliferous sites, both 
in today’s continental and insular Greece. They have been the largest terrestrial 
mammals in the Neogene faunas of the country, dominating the ecosystems of that 
time. Recent investigations on the Miocene and Pliocene proboscideans, including 
the revision and study of old collections, and the study of new specimens from exca-
vations carried out in Greece during the last years, have resulted in the update of 
their taxonomy and biostratigraphy. Based on our current knowledge, we can reach 
several conclusions.

During the early Miocene, the only proboscidean that is known in Greece is the 
deinothere Prodeinotherium cuvieri, documented at Gavathas (Lesvos Island), 
where the find-bearing locality is dated as older than 18.4  Ma (late MN3). The 
Gavathas deinothere marks the first appearance of deinotheres in Europe and docu-
ments their penetration into the continent as part of the complex “Proboscidean 

Fig. 13 Right m3 
fragment (SIA 22) of 
Stegodon sp. possibly from 
the wider area of Siatista 
(Kozani), without 
information on the exact 
locality; (a), occlusal view; 
(b), lingual view (photo 
Hans Wildschut, Dick 
Mol). Scale bar 
equals 5 cm
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Datum Event,” after the establishment of the so-called Gomphotherium landbridge 
in the middle Burdigalian (~19.0–18.0 Ma, early MN3).

In the middle Miocene, the deinothere Prodeinotherium bavaricum and the trilo-
phodont choerolophodontid Choerolophodon chioticus are recognized in Thymiana 
(Chios Island), dated to ~15.5 Ma (ΜΝ5). Choerolophodon chioticus is the most 
primitive choerolophodontid in Europe and marks their first penetration into the 
continent, being part of the third European phase of the “Proboscidean Datum 
Event” (Tassy 1990). This phase is probably part of the first middle Miocene migra-
tional event that took place in the late Orleanian (17.0–15.0 Ma, MN5), involving 
also the arrival in Europe of the amebelodontid Protanancus (Rögl 1999; Koufos 
et al. 2005; Markov and Vergiev 2010).

During the late Miocene, proboscideans are more diverse and well documented 
in the Greek fossil record due to a high number of fossiliferous localities; however, 
Choerolophodon is in most of the localities the dominant proboscidean in terms of 
abundance. In the early Vallesian (MN9), Choerolophodon anatolicus is identified 
in Pentalophos-1 (Axios valley). During the late Vallesian (MN 10), the deinothere 
Deinotherium giganteum and the primitive morph of Choerolophodon pentelici co- 
existed in Ravin de la Pluie (Axios valley). In the early Turolian (MN11) appeared 
the zygodont Mammut sp. (M. obliquelophus?), which co-existed with the advanced 
morph of C. pentelici in Ravin des Zouaves-5 (Axios valley). In the middle Turolian 
C. pentelici, the tetralophodont amebelodontid Konobelodon atticus, Mammut sp. 
(M. obliquelophus?), and the huge-sized deinothere D. proavum are recorded, the 
co-occurrence of which is documented in Pikermi. These four species are recog-
nized also in the Mytilini Formation of Samos Island. During the middle Turolian, 
but postdating the classical Pikermi, appeared the tetralophodont gomphothere 
Anancus lehmanni, the most primitive anancine of Europe. In the late Turolian 
(MN13) are traced the last occurrences of C. pentelici, present with certainty in the 
Dytiko localities (Axios valley) and perhaps in Maramena.

During the Pliocene, Anancus arvernensis and Mammut borsoni are recognized. 
The fossiliferous localities of this period are few and the lack of stratigraphic infor-
mation for several findings makes the determination of their first appearances prob-
lematic. However, M. borsoni survived until the end of the Pliocene (MN16) and 
A. arvernensis until the beginning of the Early Pleistocene (MNQ17). The co- 
occurrence of these species is documented in Milia (early late Pliocene, MN16a). 
Finally, the first recorded occurrence of Stegodon in Greece represents also the first 
evidence of the presence of stegodontids in Europe.
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 Appendix

List of Greek localities containing Neogene and Early Pleistocene proboscidean fossils. Type 
localities are marked with bold. Locality numbers refer to the collection numbers of the 
PaleoBiology Database (PBDB)

LocalitiesPBDB No

Age (MN; GPTS in 
Ma) Taxon

Vatera F183341 Early Pleistocene 
(MNQ17)

Anancus cf. arvernensis1

Vatera H183343 Early Pleistocene 
(MNQ17)

Anancus arvernensis1

Chorigos Pliocene–Early 
Pleistocene

Mammut borsoni2

Neapolis-Grevena basin Pliocene–Early 
Pleistocene

Mammut borsoni3

Sani202529 Pliocene–Early 
Pleistocene

Anancus arvernensis4

Axios valley (“Dormislou”, 
perhaps close to Gephyra)

Pliocene–Early 
Pleistocene

Anancus arvernensis5

Kalliphytos202532 Pliocene–Early 
Pleistocene

Anancus arvernensis6

Klima Pliocene–Early 
Pleistocene

Anancus arvernensis7

Antimachia207130 Pliocene–Early 
Pleistocene

Anancus arvernensis8

R. Almyri Pliocene–Early 
Pleistocene

Anancus arvernensis9

Kardamaena204662 Pliocene–Early 
Pleistocene

Anancus arvernensis10

Pylos Pliocene–Early 
Pleistocene

Anancus arvernensis11

Skoura Pliocene–Early 
Pleistocene

Anancus arvernensis12

Spaides (Eleonas) Pliocene–Early 
Pleistocene

Anancus arvernensis13,14

Nigrita202533 Pliocene–Early 
Pleistocene

Anancus arvernensis15

Chilia Dendra, Koufalia Pliocene–Early 
Pleistocene

Anancus arvernensisb

Gephyra-1182685 Late Pliocene (MN16) Anancus arvernensis16
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LocalitiesPBDB No

Age (MN; GPTS in 
Ma) Taxon

Sesklon34614 Late Pliocene (MN16) Anancus arvernensis6,17–18

Milia-1187636 Late Pliocene (MN 
16a)

Mammut borsoni19–20

Milia-2185862 Late Pliocene (MN 
16a)

Mammut borsoni20,
Anancus arvernensis20

Milia-3195291 Late Pliocene (MN 
16a)

Mammut borsoni20

Milia-4182686 Late Pliocene (MN 
16a)

Mammut borsoni20

Milia-5185859 Late Pliocene (MN 
16a)

Mammut borsoni20,
Anancus arvernensis20

Milia-6195292 Late Pliocene (MN 
16a)

Mammut borsoni20

Milia-7195294 Late Pliocene (MN 
16a)

Mammut borsoni20

Milia-8195295 Late Pliocene (MN 
16a)

Mammut borsoni20,
Anancus arvernensis20

Milia-9195296 Late Pliocene (MN 
16a)

Mammut borsoni20

Milia-10185860 Late Pliocene (MN 
16a)

Mammut borsoni20

Milia-11195299 Late Pliocene (MN 
16a)

Mammut borsoni20

Milia202530 Late Pliocene Anancus arvernensis4,a

Apolakkia I184242 Pliocene Anancus arvernensis14

Apolakkia II202499 Pliocene Proboscidea indet.14

Agia Triada202531 Pliocene Anancus arvernensis4

Angelochori, Angelon beach Pliocene Anancus arvernensisc

Maramena32189 Miocene/Pliocene 
(MN13/14)

Choerolophodon pentelici21

Dikaia210641 Late Miocene Choerolophodon pentelici22

Pyrgos Vassilissis195555 Late Miocene Choerolophodon pentelici23

Sani202528 Late Miocene Choerolophodon pentelici4

Servia202257 Late Miocene Choerolophodon pentelici24, 
Deinotherium sp.24

Fourka202330 Late Miocene Tetralophodon longirostris25

Chelona beach202500 Late Miocene Tetralophodon longirostris25

seabed of Kryopigi202500 Late Miocene Tetralophodon longirostris25

Neokaisareia206458 Turolian Mammut sp. (M. obliquelophus?)26

Palaio Keramidi Turolian Mammut sp. (M. obliquelophus?)26

Dytiko 232375 Late Turolian (MN13) Choerolophodon pentelici27

Dytiko 332376 Late Turolian (MN13) Choerolophodon pentelici27

Kryopigi157582 Late Miocene 
(MN12–13)

Choerolophodon pentelici28
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LocalitiesPBDB No

Age (MN; GPTS in 
Ma) Taxon

Mytilinii 1A-Samos202215 Middle Turolian 
(MN12; ~7.1)

Mammut sp. (M. obliquelophus?) 
29–30

Mytilinii 1B-Samos202216 Middle Turolian 
(MN12; ~7.1)

Choerolophodon pentelici27,29,30

Andriano-Samos Middle Turolian 
(MN12; ~7.1)

Choerolophodon pentelici30,32,
Deinotherium proavum30,32

Chomateri195562 Middle Turolian 
(MN12; ~7.16)

Anancus lehmanni33–34

Perivolaki194879 Middle Turolian 
(MN12; 7.3–7.1)

Deinotherium proavum33,35

Pikermi182754 Middle Turolian 
(MN12; ~7.3)

Choerolophodon pentelici27,30,33,36–38,
Deinotherium proavum33,36–37,39–44,
Mammut sp. (M. 
obliquelophus?)33,36–38,
Konobelodon atticus33,36–38,40,45

Pikermi Valley-1202630 Middle Turolian 
(MN12)

Mammut sp. (M. obliquelophus?)46

Pikermi Valley-3202631 Middle Turolian 
(MN12)

Deinotherium proavum44

Halmyropotamos202213 ?middle Turolian 
(?MN12)

Deinotherium proavum44,47,
Mammut sp. (M. obliquelophus?)33,48

Prochoma-1202222 Middle Turolian 
(MN12)

Choerolophodon pentelici31,33

Vathylakkos-2202703 Middle Turolian 
(MN12)

Choerolophodon pentelici31,33

Kerassia-1 ?middle Turolian 
(?MN 12)

Choerolophodon? sp.49

Kerassia-4195435 ?middle Turolian 
(?MN 12)

Konobelodon atticus45,49

Kerassia-6195437 ?middle Turolian 
(?MN 12)

Choerolophodon sp.49

Kerassia195431 ?middle Turolian 
(?MN 12)

Deinotherium sp.50

Ravin des Zouaves 5195489 Early Turolian (MN11; 
~8.2)

Mammut sp. (M. obliquelophus?) 
30,33,51,
Choerolophodon pentelici30,33,51

Maronia, Crete202722 Turolian (MN11–13) Deinotherium proavum52

Gela, Crete202723 Turolian (MN11–13) Deinotherium proavum53–54

Zakros, Crete Turolian (MN11–13) Deinotherium proavum54–55

Samos Island,
NHMW collection182751

MGL collection202120

HGI collection
HLMD collection202724

SMF collection202725

Turolian (MN11–13) Choerolophodon pentelici29–33,56–58,
Konobelodon atticus30,32,33,45,58,
Deinotherium proavum30,32,33

Nikiti-273869 Early Turolian (MN11; 
8.7–8.2)

Choerolophodon pentelici30,31,33,59
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LocalitiesPBDB No

Age (MN; GPTS in 
Ma) Taxon

Ravin X182745 ?early Turolian 
(?MN11)

Choerolophodon pentelici30–31

Platania, Drama182682 Late Vallesian/early 
Turolian (MN10/
MN11)

Konobelodon cf. atticus26

Ravin de la Pluie191070 Late Vallesian (MN10; 
~9.3)

Deinotherium giganteum30,33, 
Choerolophodon pentelici30–31,33

Xirochori 1195490 Late Vallesian (MN10; 
~9.6)

Choerolophodon pentelici30–31,33

Ravin des Zouaves 1182746 Late Vallesian (MN10) Choerolophodon pentelici30–31,33

Agia Paraskevi, Kassandra202726 Late Miocene Deinotherium giganteum60

Pentalophos 1202119 Early Vallesian (MN9) Choerolophodon anatolicus30–31,33

Thymiana182752 Middle Miocene 
(MN5; >15.5)

Choerolophodon chioticus27,61–62, 
Prodeinotherium bavaricum61

Psara Island ?middle Miocene Prodeinotherium bavaricum63

Gavathas, Lesvos Island195540 Early Miocene (MN3; 
>18.4)

Prodeinotherium cuvieri64,a

Thermopigi73553 Turolian (MN11–13) Deinotherium sp.26,
Elephantimorpha indet.26

Nikiti-1202729 Late Vallesian (MN10) Proboscidea indet.59

Antonios73861 Early/middle Miocene 
(MN4/5)

Proboscidea indet.65

Central Macedonia ? Deinotherium giganteum66

Vathylakkos area ? Mammut borsoni11

possibly from the wider area of 
Siatista (Kozani)202732

? Stegodon sp.67

aThis study
bA right hemimandible fragment with the m3 (partially broken), stored at the Ephorate of 
Palaeoanthropology and Speleology, Office of Northern Greece (Thessaloniki) (pers. comm. 
Athanassiou 2019)
CA small fragment of a molar (LGPUT-AAT 17) and a medial condyle of a right femur (LGPUT- 
AAT 16) were collected (surface findings/unknown precise stratigraphic position) from an area 
near the fossil findspot of Angelochori, Angelon beach (Thessaloniki), for which Tsoukala (2018) 
proposed a correlation to the late Pliocene (MN 16)
1de Vos et al. 2002, 2Dermitzakis et al. 1982, 3Brunn 1956, 4Koufos 1977, 5Sakellariou-Mane 1972, 
6Athanassiou 2016, 7Steensma 1988, 8Forsyth Major 1887, 9Desio 1931, 10Charrier and Giglio 1969, 
11Mitzopoulos 1967, 12Georgalas 1941, 13Gidarakos 1938, 14Theodorou et  al. 2000, 15Athanassiou 
2017, 16Crégut-Bonnoure and Tsoukala 2017, 17Symeonidis and Tataris 1983, 18Athanassiou 2018, 
19Tsoukala 2000, 20Tsoukala and Mol 2016, 21Schmidt-Kittler et  al. 1995, 22Tsoukala et  al. 2007, 
23Freyberg 1951, 24Paraskevaidis 1977, 25Lazaridis and Tsoukala 2014b, 26Konidaris and Tsoukala 
2020, 27Konidaris et  al. 2016, 28Lazaridis and Tsoukala 2014a, 29Konidaris and Koufos 2009, 
30Konidaris and Koufos 2013a, 31Konidaris et  al. 2016, 32Konidaris and Koufos 2019, 33Konidaris 
2013; 34Konidaris and Roussiakis 2019, 35Koufos 2006, 36Gaudry 1862, 37Gaudry 1867; 38Tassy 1985, 
39Wagner 1848, 40Wagner 1857, 41Weinsheimer 1883, 42Dietrich 1916, 43Weithofer 1888, 44Konidaris 
et  al. 2017, 45Konidaris et  al. 2014, 46Roussiakis et  al. 2014, 47Melentis 1969, 48Melentis 1967, 
49Theodorou et al. 2003, 50van der Made and Moyà-Solà 1989, 51Koufos 1980, 52Athanassiou 2004, 
53Poulakakis et al. 2005, 54Iliopoulos et al. 2014, 55Fassoulas and Iliopoulos 2011, 56Schlesinger 1917, 
57Schlesinger 1922, 58Lehmann 1950, 59Konidaris and Koufos 2016, 60Tsoukala and Melentis 1994, 
61Paraskevaidis 1940, 62Tobien 1980, 63Besenecker and Symeonidis 1974, 64Koufos et  al. 2003, 
65Koufos and Syrides 1997, 66Symeonidis 1969, 67Mol et al. 2010
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1  Introduction

The family Elephantidae Gray, 1821, is the evolutionary most derived clade of the 
order Proboscidea. It comprises very large-sized proboscidean mammals that share 
in common a suite of morphologic characters, such as the anteroposteriorly short-
ened skull with pneumatised cranial bones; the long, columnar extremities; and the 
multiplication of dental cusps, resulting in a lamellar molar structure. Quite like the 
other derived proboscidean families (see Konidaris and Tsoukala this volume), the 
Elephantidae also have long tusks, horizontal replacement of the cheek teeth, and a 
long trunk. 

As it is the case with most proboscidean families, the Elephantidae emerged in 
Africa. This happened in the late Miocene (about 9–7 Ma), during the last major 
radiation event of the African Proboscidea (Maglio 1973; Todd and Roth 1996; 
Sanders et al. 2010). Starting in the late Pliocene, members of the family migrated 
repeatedly out of the continent and dispersed rapidly across Eurasia. During the 
Early Pleistocene, they colonised North America, but failed to disperse to South 
America, where the already established—though evolutionary more basal—gom-
photheriids continued to thrive. As a consequence of the family’s late migration out 
of Africa, the Elephantidae of Eurasia and America were already highly derived 
forms within proboscideans. They maintained their nearly ubiquitous presence in 
the Northern Hemisphere as essential members of the megaherbivore faunas until 
the latest Pleistocene–early Holocene, when they succumbed widely to the exten-
sive end-Pleistocene megafaunal extinction. At present, the family’s geographic 
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distribution, taxonomic diversity, and populations are extremely reduced, primarily 
because of habitat loss due to the expansion of human activities. The present popu-
lations are restricted in patchy regions of sub-Saharan Africa and SE Asia and are 
classified to the African genus Loxodonta Cuvier, 1825—with two species, L. afri-
cana (Blumenbach, 1797) and L. cyclotis (Matschie, 1900)—and the Asian Elephas 
Linnaeus, 1758, with one species, E. maximus Linnaeus, 1758.

Except for the extant Elephas, Eurasia has accommodated three additional ele-
phantid genera during the late Neogene and Quaternary: Stegotetrabelodon 
Petrocchi, 1941; Mammuthus Brookes, 1828; and Palaeoloxodon Matsumoto, 1924. 
The last two have an important fossil record in the whole continent, as well as in the 
territory of Greece in particular. Stegotetrabelodon is a less derived taxon, docu-
mented in just a few upper Miocene–lower Pliocene localities of Eurasia (Tassy 
1999; Ferretti et al. 2017), and it is not considered here, because it is as yet unknown 
in the fossil record of Greece. Another fossil group not addressed in the present 
review is the dwarf insular elephant forms, evolved after successful colonisation of 
remote islands. These are presented by Lyras et al. (volume 2).

Methods Upper and lower molars are abbreviated as M and m respectively; decid-
uous molars as D/d (e.g., M2, m3, D4, etc.). The measurements and indices were 
taken and calculated according to Maglio (1973). In particular, the lamellar fre-
quency of molars is calculated as the number of lamellae per 10 cm of molar length, 
and the hypsodonty index as the percentage of molar height with respect to molar 
width. All measurements include cement. The length is measured perpendicular to 
the average direction of the lamellae. The geochronologic and stratigraphic frame-
work follows Pillans and Gibbard (2012). Geochronologic ages are given, where 
available, in thousand or million years before present, abbreviated as ‘ka’ or ‘Ma’, 
respectively. ‘MIS’ stands for ‘Marine Isotope Stage’, ‘MNQ’ for ‘Mammal 
Neogene and Quaternary Zones’ (Guérin 1990), and ‘ICZN’ for ‘International Code 
of Zoological Nomenclature’. Transliterated local geographic names are typed 
accented when necessary, in order to help with their correct pronunciation.

2  Phylogenetic Relationships and Taxonomy

Traditionally, the phylogenetic roots of Elephantidae were usually placed among 
the Stegodontidae Osborn, 1918, close to a form morphologically similar to the 
genera Stegodon or Stegolophodon (Osborn 1936; Aguirre 1969). Indeed, both fam-
ilies exhibit similar specialisations, such as a fore-and-aft shearing movement of the 
jaws during mastication and the dense packing of transverse ridges in molars, and 
they have been placed together in the past as subfamilies within Elephantidae (e.g., 
Kalb and Mebrate 1993; Kalb and Froehlich 1995). More recent studies have shown, 
however, that these characters are rather convergent and do not indicate a phyloge-
netic relationship. Moreover, the stegodonts were already advanced enough to be 
considered as ancestors of the elephants (Maglio 1973; Tassy 1996; Todd and Roth 

A. Athanassiou



347

1996). Instead, the ancestry of the Elephantidae (and the Stegodontidae as well) is 
currently traced to the late Neogene tetralophodont gomphotheres of Africa, i.e., 
those members of Gomphotheriidae with four lophs/lophids in the intermediate 
molars (D4–M2 and d4–m2) (see, e.g., Maglio 1973; Tassy 1996). Advanced gom-
photheriids already showed trends towards cranial rostrocaudal shortening, that 
characterises the Elephantidae, while the highly derived elephant molar morphol-
ogy resulted from the rearrangement of the main and accessory cusps in order to 
form transverse enamel ridges.

This particular lamellar molar structure, i.e., the merging of the lingual and buc-
cal cusps into a mesiodistally compressed plate (lamella), is the synapomorphy that 
unites the Elephantidae. Several successive plates (at least six in m3/M3), joined to 
each other with cement, form the elephantid molar (Kalb and Mebrate 1993; Todd 
and Roth 1996). With advancing dental wear, this structure forms transverse enamel 
loops on the occlusal surface. The family is further subdivided in two subfamilies, 
Stegotetrabelodontinae Aguirre, 1969, and Elephantinae Gray, 1821, which appear 
to be phylogenetically sister taxa (Kalb and Mebrate 1993; Kalb and Froehlich 
1995; Tassy and Debruyne 2001), although a direct ancestor–descendant relation-
ship between them has been also proposed in the past (e.g., Maglio 1973; Coppens 
et al. 1978). The Stegotetrabelodontinae are monotypic and include only the genus 
Stegotetrabelodon Petrocchi, 1941, which still retains several gomphothere-like 
characters, such as the long mandibular symphysis bearing a pair of long tusks, the 
presence of premolars, the presence of a well-developed median sulcus between the 
lingual and buccal cusps/cuspids (in unworn or little worn molars only), and the 
occurrence of central conules in the molars (Maglio 1973; Coppens et  al. 1978; 
Sanders et al. 2010). The Elephantinae include all the other genera of the family, 
namely, Stegodibelodon Coppens, 1972; Primelephas Maglio, 1970; Mammuthus 
Brookes, 1828; Elephas Linnaeus, 1758; Palaeoloxodon Matsumoto, 1924; and 
Loxodonta Cuvier, 1825. Collectively, they are characterised by a tuskless mandible 
with shortened symphysis, true lamellar structure of the molars (totally obliterated 
median sulcus), and at least seven lamellae in M3/m3 (Kalb and Mebrate 1993; 
Todd and Roth 1996; Sanders et al. 2010). Stegodibelodon and Primelephas are the 
most primitive genera, featuring brachyodont molars with few lamellae. Both are 
monotypic and differ from Stegotetrabelodon in the absence of lower tusks and the 
more apparent lamellar structure of the molars. Because of its plesiomorphic mor-
phology, Stegodibelodon has previously been placed by certain authors in the 
Stegotetrabelodontinae (for a comprehensive review of the various proposed taxo-
nomic schemes, see Kalb and Mebrate 1993). Mammuthus, Elephas, Palaeoloxodon, 
and Loxodonta constitute the most derived genera of the Elephantidae (note, how-
ever, that Palaeoloxodon has been often considered until recently as a subgenus of 
Elephas; e.g., Palombo and Ferretti 2005). Mammuthus, Elephas, and Loxodonta 
emerged in Africa as archaic forms during the late Miocene–early Pliocene and fol-
lowed similar evolutionary trends across their distinct clades, which mainly involve 
shortening of the skull and mandible, increasing number of dental lamellae, and 
increasing hypsodonty (Maglio 1973; Todd and Roth 1996; Sanders et al. 2010). 
Palaeoloxodon is most typically known from the Middle–Late Pleistocene of 
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Eurasia, but the immediate ancestry of the Eurasian species can be traced to P. recki 
(Dietrich, 1916) from the Plio-Pleistocene of East Africa (Maglio 1973; Beden 
1983; Saegusa and Gilbert 2008). Loxodonta remained an exclusively African taxon 
from its first appearance until today. On the contrary, Mammuthus, Elephas, and 
Palaeoloxodon migrated out of their continent of origin through at least three migra-
tion events during the late Pliocene–Early Pleistocene (Maglio 1973).

The phylogenetic relationships among the derived Elephantidae remain as yet 
not fully resolved, despite the numerous classifications published after Osborn’s 
(1936, 1942) monumental opus (for an overview, see Tassy 1990; Tassy and 
Shoshani 1996). Morphology-based phylogenies usually place Elephas (including 
Palaeoloxodon) close to Mammuthus and consider Loxodonta as a sister taxon of 
the former two (Beden 1979; Tassy 1990, 1996; Shoshani 1996; Shoshani et  al. 
1998, 2007; Shoshani and Tassy 2005; Sanders et  al. 2010). However, different 
phylogenetic trees, also deriving from morphological data, exist as well. Maglio 
(1973, figs 13, 15) considered that these three genera derived as independent lin-
eages from Primelephas. Todd (2010), based on cranial and dental morphology, 
found that Loxodonta and Elephas (including Palaeoloxodon) derived from 
Primelephas, while the Mammuthus lineage was traced back to Stegotetrabelodon. 
Phylogenetic studies involving molecular data still support the traditional Elephas–
Mammuthus clustering (e.g., Yang et al. 1996; Ozawa et al. 1997). Nevertheless, a 
Mammuthus–Loxodonta clade has been also indicated as most probable as well 
(Hagelberg et  al. 1994; Thomas et  al. 2000). Recently, Meyer et  al. (2017) and 
Palkopoulou et al. (2018) clustered Elephas with Mammuthus, and Palaeoloxodon 
with Loxodonta, and noted that Palaeoloxodon’s genome has also an Elephas and a 
Mammuthus component, illustrating a quite complicated picture of elephantid phy-
logeny and interrelationships.

3  Historical Overview and Distribution

Fossil remains of elephants were known in Greece since the Antiquity, but they were 
not recognised as such. Instead, they were thought of as bones of mythical, huge- 
sized anthropomorphic creatures, such as Giants or Cyclopes. Pausanias, a Greek 
geographer of the second century AD, mentioned the presence of huge bones in the 
Megalopolis area (central Peloponnese), which he attributed to fallen Giants, after a 
fierce battle between them and the Gods. According to a well-known ancient myth, 
the battle had taken place in this area. The Megalopolis Basin is presently well 
known as a rich area in fossil mammal sites. Interestingly, the oldest known scien-
tific account to me on fossil elephantids from Greece (Roth 1854) explicitly men-
tions the presence of numerous elephant remains in this basin, while Kandeloros 
(1898, p. 8) and Bürchner (1903) recorded information made available to them by 
local people, according to which huge bones were unearthed in the area in the late 
1830s and the 1850s. A few years later, Mitzopoulos et  al. (1862) reported very 
briefly on the excavation of an elephant molar in August 1861 at an undefined 
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findspot near the village Leontári, within the same basin. Later on, the exposure of 
rich fossil accumulations in the same region due to erosion was the occasion for 
extensive excavations by Prof. Theodor Skuphos (also transliterated as Skouphos or 
Skoufos; University of Athens) at two sites, Íssoma and Kalývia Karyón (Bürchner 
1903; Skuphos 1905). According to Bürchner (1903), among the finds were numer-
ous elephant fossils, including an allegedly complete skeleton with skull (Fig. 1).

Since the first fossil discoveries in Megalopolis Basin, proboscidean fossils have 
been recovered in numerous other localities from Greece (see Figs.  2, 3 and 
Appendix), being one of the richest and widely distributed vertebrate groups in the 
country. Other early references to elephant fossils were similarly very brief and 
anecdotal, usually providing neither a description, nor any photograph of the finds, 
and are not mentioned here (see Appendix for a more complete list). During the 
1950s and later, there was a marked increase in the vertebrate palaeontological 
research within the Greek territory, resulting in new occurrences of both mammoths 
and elephants. Psarianos and Thenius (1954) were the first authors to describe an 
elephantid fossil from Greece in detail: they studied a lower third molar referred to 
Elephas (Archidiskodon) meridionalis (= Mammuthus meridionalis) from Giáltra, 
Aedipsós region, N.  Euboea, a single find collected from a conglomerate layer 
within a lignite sequence. Four years later, one of these authors (Psarianos 1958) 
reported on isolated molars from W. Macedonia (localities Tsotýli and Polýlakkos) 
and E.  Macedonia (Phílippi) and attributed them to species of the Mammuthus 

Fig. 1 A partial skull with tusk(s) referred to Palaeoloxodon antiquus, in right lateral view, during 
the excavation of Prof. Th. Skuphos (University of Athens) in Megalopolis Basin, 1902 (photo-
graph by Th. Skuphos). This is quite possibly the skull from the area of the village Íssoma, men-
tioned by Bürchner (1903), which is considered lost

The Fossil Record of Continental Elephants and Mammoths …



350

lineage (Archidiskodon meridionalis, A. cf. meridionalis and Mammonteus trogon-
therii, respectively). There is no further faunal, geographic, or geologic information 
about the localities. According to Koulidou (2013), one of the M. meridionalis 
molars actually belongs to M. rumanus, due to its very low lamellar frequency. 
Shortly later, Melentis (1960) published another isolated find, a lower third molar, 
from an unknown locality in the Ioánnina region, Epirus, which he determined 

Fig. 2 Map of Greece showing the geographic distribution of localities with continental elephan-
tids referred to the genus Mammuthus (including a possible occurrence marked with question 
mark). Geographically adjacent localities are grouped together under the same numbered bullet: 1, 
Angítis; 2, Phílippi; 3, Sotíras; 4, Tsotýli; 5, Loussiká; 6, Polýlakkos, Peponiá; 7, Apollonía; 8, 
Kalamotó localities; 9, Kapetánios; 10, Libákos; 11, Sesklo; 12, Tsiótra Vrýssi; 13, Gerakaroú; 14, 
Halykés(?); 15, Vaterá localities; 16, Symbolí; 17, Epanomí; 18, Kípi; 19, Q-Profil; 20, Ioánnina 
(exact location unknown); 21, Giáltra; 22, Reghínio, Zéli; 23, Vlachiótis; 24, Antimáchia; 25, 
Kardámaena; 26, Almyrí; 27, Kardiá. See Appendix for more information. Image exported from 
Google Earth Pro © 2019, map data from US Dept. of State Geographer, SIO, NOAA, U.S. Navy, 
NGA, GEBCO, image from Landsat/Copernicus. Scale bar equals 80 km, North faces upward
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Fig. 3 Map of Greece showing the geographic distribution of localities with continental elephan-
tids referred to the genus Palaeoloxodon (including certain insecure occurrences marked with 
question mark). Geographically adjacent localities are grouped together under the same numbered 
bullet: 1, Peniós Valley; 2, Kalamákia Cave; 3, Tsákoni(?); 4, Peniós estuary; 5, Póros; 6, various 
localities in Megalópolis Basin (Kyparíssia, Marathousa, Íssoma, Íssoma KYT, Kalývia Karyón, 
Léfktro, Leontári); 7, Symbolí; 8, Xeriás; 9, Ravin de l’éléphant(?); 10, Pétres, Sotíras; 11, 
Amýntaio, Philótas; Lágoura(?); 12, Perdíkkas; 13, Ptolemaís; 14, Allatíni(?); 15, Trílophos(?); 16, 
Epanomí(?); 17, Kalonéri; 18, Tsotýli; 19, Terpsithéa; 20, Néa Léfki, Chálki; 21, Trichonía; 22, 
Pátras; 23, Nissí, Símiza; 24, Canal of Corinth; 25, Roupáki, Ano Olga(?); 26, Kálymnos; 27, 
Kýthera; 28, Alivéri; 29, Ambélia (Grevená); 30, Límni(?). See Appendix for more information. 
Image exported from Google Earth Pro © 2019, map data from US Dept. of State Geographer, 
SIO, NOAA, U.S. Navy, NGA, GEBCO, image from Landsat/Copernicus. Scale bar equals 80 km, 
North faces upward
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taxonomically down to the subspecies level: Elephas (Archidiskodon) meridionalis 
archaicus Depéret and Mayet, 1923. The find exhibits indeed all the characters of 
M. meridionalis and can be attributed to this species, though a subspecific classifica-
tion is not justified according to the current taxonomic practice.

The following year, Melentis initiated a series of publications on the rich fossil 
material excavated by Skuphos in 1902  in the Megalopolis Basin, of which the 
elephantid remains constituted a significant component (Melentis 1961, 1963; 
Fig. 4). Note, however, that the skull mentioned by Bürchner (1903) and photo-
graphed by Skuphos (Fig.  1) is not included in the sample studied by Melentis, 
presumably because meanwhile it had been severely damaged or destroyed. Its 
whereabouts is currently unknown. Melentis (1961, 1963) described the material in 
every possible detail and concluded to an extreme taxonomic diversity of elephant 
species within the uppermost part of the basin’s sedimentary sequence (Íssoma sec-
tion; Melentis 1961, p. 242), recognizing no less than six taxa: Palaeoloxodon anti-
quus antiquus, P. antiquus italicus, P. melitensis, Archidiskodon meridionalis 
meridionalis, A. meridionalis cromerensis, and Mammonteus primigenius primige-
nius. Thus, the sequence was considered by the author as spanning the entire 
Pleistocene. More recently, it has been documented that the Megalopolis Basin 

Fig. 4 Craniodental specimens from the Megalopolis Basin, referred to Palaeoloxodon antiquus. 
Both were published by Melentis (1961), who reported that they come from the locality Íssoma 
(Skuphos excavations, 1902). (a) A maxillary part with both M3s (MEG 1960/70), occlusal view. 
The rostral end is at the bottom of the figure. (b) A right m3 (MEG 1960/77), occlusal view. (c) The 
same specimen in lingual view. Note the characteristic for this species narrow crowns, with plicate 
enamel that forms median sinuses, and the ‘dot-dash-dot’ wear pattern in incipiently worn lamel-
lae. Both specimens, as well as their original photographs used here, belong to the collections of 
the Museum of Paleontology and Geology, University of Athens. Scale bar equals 10 cm
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lignite sequence (Marathousa member) was deposited during the Middle Pleistocene 
(e.g., van Vugt et al. 2000; Tourloukis et al. 2018). The Íssoma section extends (at 
least mainly) in a detrital sequence that overlies uncomformably the Marathousa 
member and could be of late Middle–Late Pleistocene age. Consequently, Melentis’ 
elephantid taxa list has to be revised. Indeed, a re-examination of the available 
material (including unpublished samples stored in the Museum of Paleontology and 
Geology, University of Athens) shows that the dental specimens referred by Melentis 
(1961) to A. meridionalis are very similar to those he referred to P. antiquus, being 
hypsodont molars with narrow crowns and P. antiquus-type wear patterns (see 
Fig. 4 for a representative sample), as well as tusks that exhibit weak bent and tor-
sion, and well obtuse Schreger angles in their dentine (see Fig. 5 for an example of 

Fig. 5 Natural cross section of a Palaeoloxodon antiquus tusk, exhibiting obtuse Schreger angles 
near its periphery, which distinguish this species from those of the genus Mammuthus (see, e.g., 
Palombo and Villa 2001). This specimen—a 1.8 m-long tusk part—was excavated in September 
2011 at Íssoma KYT (Megalopolis Basin, Peloponnese) and is kept in the collections of the 
Ephorate of Palaeoanthropology–Speleology (Ministry of Culture and Sports, Athens). Graphical 
scale equals 3 cm

The Fossil Record of Continental Elephants and Mammoths …



354

a recently excavated specimen from the Íssoma area). They are morphologically 
very similar to P. antiquus, and they should be assigned to this species. Moreover, 
the sympatric occurrence of a dwarf species (‘P. melitensis’) among normal-sized 
elephants is ecologically impossible: dwarf elephant populations occurred only in 
isolated insular environments, characterised by greatly impoverished endemic fau-
nas. The two dental specimens assigned to this species are better referred to a juve-
nile individual of P. antiquus. These inconsistencies in Melentis’ taxonomy were 
first pointed out by Sondaar and Boekschoten (1967, pp. 562–563), who argued that 
only P. antiquus and M. primigenius existed in the Megalopolis Basin. Later research 
has further shown that the woolly mammoth molar described by Melentis (1961) 
actually belongs to a sample from the locality Telichka (Kiev, Ukraine), which was 
acquired by the Natural History Museum of the University of Athens in 1904, and 
was apparently mixed with the similarly coloured Megalopolis material excavated 2 
years before, despite the clear labelling on the Telichka material (Lyras 2007; 
Iliopoulos et al. 2010). Indeed, recent research at several sites within the Megalopolis 
Basin never yielded any other elephantid species except for P. antiquus, which is 
currently the only proboscidean known to have existed in the area (Athanassiou 
2018; Konidaris et al. 2018). A few proboscidean dental fragments (one of a molar 
and three of tusks) from undefined sites within the Megalopolis Basin published by 
Sickenberg (1976) as Mammuthus (Archidiscodon) meridionalis, based on the 
molar fragment morphology, are not in fact inconsistent with an attribution to 
P. antiquus, because of their incomplete preservation. The sample is actually not 
determinable further than the family level. The same is true for the postcranial finds 
from the basin referred to various species (Melentis 1963; Sickenberg 1976), since, 
contrary to what has been stated in older publications (see, e.g., Andrews and Forster 
Cooper 1928; Melentis 1963), there are no reliable criteria to distinguish between 
Palaeoloxodon and Mammuthus postcrania (Lister and Stuart 2010).

Melentis carried out excavations in the Megalopolis Basin as well, yielding most 
importantly a nice, partially preserved skull, which he assigned to P. antiquus ger-
manicus (Stefanescu, 1924) (Melentis 1965). The specimen’s morphology (two- 
bulged parieto-occipital crest, long and narrow hypsodont M3s) is consistent with 
an attribution to the straight-tusked elephant (Fig. 12a).

During the 1960s, numerous other papers were published describing or reporting 
on isolated elephantid dental specimens throughout the territory of Greece (Marinos 
1964; Mitzopoulos 1964, 1967; Boessneck in Milójčić et  al. 1965; Astre 1966; 
Faugères 1966; Melentis 1966a, b; Schneider 1968; Symeonidis 1970). Most impor-
tant of these studies is the one dealing with the Palaeoloxodon sample found in the 
Peniós River banks, west of Lárissa (Boessneck in Milójčić et al. 1965), which is 
associated with Palaeolithic artefacts. The area continues to yield Late Pleistocene 
fossils when the river water level is low (Athanassiou 2001, 2011; Fig. 6). Three 
dental specimens from the Peniós River estuary, situated about 50 km NE of Lárissa, 
are referred by Paraskevaidis (1977) to three distinct species, but they are all refer-
able to Palaeoloxodon as well. Unpublished proboscidean samples from the area of 
Lárissa, which quite probably belong to elephantid species, include a 2.6 m-long 
and 14 cm in diameter tusk found close to the village Mesorráchi in 1907 (reported 
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anonymously in the local newspaper ‘Mikrá’, number 305, June 6, 1907), as well as 
bone and/or tusk fragments from Megálo Monastíri (findspot 50 in Runnels and van 
Andel 1993).

The presence of the straight-tusked elephant (P. antiquus) is also recorded at 
Vathýlakkos (Axiós Valley, Central Macedonia) (de Bonis et al. 1973), in an area 
well known for its late Miocene mammal faunas. The elephant-bearing site—
accordingly named ‘Ravin de l’éléphant’—has yielded a single elephant find: an 
unworn m3. Recently, the specimen was described by Koulidou (2013) as M. cf. 
primigenius. However, its low number of lamellae for a woolly mammoth (17), as 
well as its long and narrow shape, makes the original attribution to P. antiquus more 
probable, despite the specimen’s high lamellar frequency. Nevertheless, it remains 
taxonomically enigmatic, requiring certainly a more thorough study.

Another very interesting locality is Pétres (W.  Macedonia), where a skull of 
Palaeoloxodon antiquus was found, but never excavated (Velitzelos and Schneider 
1973). The authors removed and studied the molars only, while the rest apparently 
was left in situ and possibly eroded soon thereafter. In the same paper, three other 
molars from the nearby locality of Sotíras are presented, referred to M. trogontherii 
and A. meridionalis, although they exhibit typical Palaeoloxodon morphology (see 
also Tsoukala et al. 2011). Judging from the published material, it seems that both 
P. antiquus and M. trogontherii were present at Sotíras (see also Marinos 1964; 
Tsoukala et al. 2011; Koulidou 2013). New material from this locality was recently 
published by Tsoukala et  al. (2011) (P. antiquus) and Koulidou (2013) (M. 
trogontherii).

Poulianos and Poulianos (1980) presented a nearly complete elephant skeleton 
they excavated in a sand pit near Perdíkkas (Ptolemaís, W.  Macedonia) in 1977 
(Fig. 7). The authors emphasised the presence of lithic artefacts associated with the 

Fig. 6 Lower right third 
molar, referred to 
Palaeoloxodon antiquus, 
from Peniós River valley, 
west of the city of Lárissa 
(Late Pleistocene). The 
figured specimen belongs 
to a sample collected by 
the author in August 2007, 
during a dry period that 
resulted in exposure of 
large areas of the riverbed, 
due to very low water 
level. (a) occlusal view, 
(b) buccal view. Graphical 
scale equals 10 cm
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elephant, and since they referred the find to the species Archidiskodon meridionalis, 
they argued for evidence of hunting in a quite early time period. A few years later, 
the second author revised the specimen’s taxonomic attribution and referred it to 
Elephas (Palaeoloxodon) aff. antiquus, though he insisted on an age of about 
2.0–2.5 Ma (Poulianos 1986). Nevertheless, the Perdíkkas elephant has clear dental 
characters of Palaeoloxodon antiquus (narrow crowns, plicate enamel, presence of 
a median sinus in enamel loops), and it should be referred to as such (see also 
Tsoukala et al. 2011). Its age is Middle–Late Pleistocene. Elephantid fossils con-
tinue to emerge in the sand pits of the area, but are usually fragmentary.

In 1981, Koufos described a small fossil fauna of Late Pleistocene age from 
Angítis river valley, Sérres (E. Macedonia). The fauna is of a cold-steppe character 
and includes two partially preserved dental specimens referred to Mammuthus cf. 
primigenius. Excavations carried out later (1992–1999) by the Ministry of Culture 
yielded some more mammoth material in a horse-dominated faunal assemblage 
(Trantalidou 2013). In the same decade of 1980s, two other studies dealt with fossil 
elephantids. Symeonidis and Theodorou (1986) described a partly preserved upper 
molar and tusk parts from a locality near Vlachiótis (Laconia, SE Peloponnese) and 
referred it to Archidiskodon meridionalis. A few years later, Steensma (1988) stud-
ied the mammal fossils from five sites along the Haliákmon valley, in the region of 
Neápolis (Kozáni, W. Macedonia), which were collected in the late 1970s during 

Fig. 7 The almost complete skeleton of Palaeoloxodon antiquus from Perdíkkas, W. Macedonia, 
exhibited in situ (photograph taken on October 20, 1999). The partially preserved skull is to the 
left. Note the minimal dispersion of the skeletal elements and the anatomical association among 
most of them. An extraordinary feature of the find is the total lack of the autopodia. This skeleton 
was excavated in 1977 by A. Poulianos (Poulianos and Poulianos 1980) and described briefly by 
N. Poulianos (1986)
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fieldwork by the Technical University of Clausthal (Germany). Elephantidae were 
identified on dental and osteological specimens in four of the studied sites, Libákos, 
Kapetánios, Polýlakkos, and Q-Profil, and referred to Archidiskodon meridionalis 
(tentatively in the last two localities). Based on their faunal content, Steensma 
(1988) places the localities in the Lower Pleistocene (see also Fig. 13). In the same 
year, Koufos and Pavlides (1988) reported the discovery of a partial elephantine 
mandible at Sotíras (W.  Macedonia), which they preliminarily referred to 
Archidiskodon cf. meridionalis. The same specimen was later described by Koulidou 
(2013) as M. trogontherii.

A prominent elephantid find published during the next decade is a partial skele-
ton from the locality Ambélia, in the town of Grevená (W. Macedonia) (Tsoukala 
and Lister 1998). The find, its skull and dentition, in particular, show typical char-
acters of P. antiquus, such as divergent tusk alveoli, narrow molars with thick, pli-
cate enamel, etc. (Tsoukala and Lister 1998). An interesting point of this study is the 
dating of the find in a glacial period (MIS 6) of the late Middle Pleistocene, when 
this species was not present in northern European regions. This indicates that the 
southern European regions acted as refugia for temperate-climate species, which 
later recolonised the North during interglacials. Other contemporary studies include 
Athanassiou (1998), who identified the species M. meridionalis at Sésklo (Magnesia, 
Thessaly) and Elephantidae indet. at the closely situated Halykés, and Tsoukala 
(1999), who documented the presence of Elephantidae indet. in the cave of Apídima 
C (Mani, S. Peloponnese). Regarding the sample from Sésklo, it should be noted 
that a tusk referred by Athanassiou (1998) to M. meridionalis, belongs most proba-
bly to the gomphothere Anancus arvernensis (see Athanassiou 2016). The presence 
of the southern mammoth at Sésklo is inferred from two carpal bones, which are too 
large to be assigned to Anancus, but it is not well supported on this scarce available 
material. The presence of Mammuthus at Sésklo should be regarded as tentative.

During the 1990s, elephant dental remains were also excavated at Nissí, Símiza 
and Roupáki areas, all closely situated in the Peniós River basin (Elis region, NW 
Peloponnese). At Nissí, a tusk excavated by the Museum of Paleontology and 
Geology, University of Athens, remains unpublished, but its physical characters 
show that it belongs to P. antiquus (see also Agiadi and Theodorou 2005). A very 
similar tusk was found at Símiza during road construction works (Dermitzakis pers. 
com.), as yet also unpublished. The same species was documented at Roupáki, 
based on a tusk, tusk fragments, and two very large M3s, all deriving from an illegal 
excavation and probably belonging to the same individual (Athanassiou 2000). 
Proboscidean remains indicated by Dermitzakis and Theodorou on a map (in 
Dermitzakis et al. 1982, fig. 64) from the nearby locality of Ano Olga may also 
belong to P. antiquus, as does the rest of the proboscidean samples from the region 
of Elis, but the whereabouts of the corresponding sample is unknown.

In a brief review of the Pliocene–Early Pleistocene Proboscidea of Greece, 
Athanassiou and Kostopoulos (2001) described elephantid specimens from the 
Lower Pleistocene localities of Gerakaroú and Apollonía (Central Macedonia), 
which they tentatively referred to Mammuthus meridionalis. New material pub-
lished quite recently from the latter locality corroborated that insecure attribution 
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(Konidaris et al. 2020). During the following years scanty elephantid material was 
published from Vaterá (Lesbos Island) as M. cf. meridionalis and from Tsákoni 
(Kastoriá, W. Macedonia) as cf. Elephas antiquus (de Vos et al. 2002; Athanassiou 
2004, respectively). Other localities, which are rather poor in elephantid material, 
are Kalamotó with M. meridionalis (Tsoukala and Chatzopoulou 2005), Reghínio 
(Athanassiou 2006a), Kípi (in the area of Neápolis, W.  Macedonia; Athanassiou 
2006b, fig. 6, 7; Harvati et  al. 2008), and Epanomí with M. cf. meridionalis 
(Athanassiou and Kostopoulos 2010). An additional locality in the area of Neápolis, 
Trapezítsa, has yielded numerous tusk fragments exhibiting acute Schreger angles 
that could be assigned to Mammuthus. However, the original position of most iden-
tifiable fragments close to the tusk axis makes this feature atypical, and the finds are 
better referred to Elephantidae indet. Harvati et al. (2008) mentioned the presence 
of Elephas antiquus at Lágoura close to Néo Kostarázi (W. Macedonia), based on a 
lamella fragment. Although the morphology of the lamella is consistent with P. anti-
quus, an attribution to an early Mammuthus such as M. meridionalis cannot be 
excluded, so the find is referred here to Elephantidae indet. as well. The site has also 
yielded long bones, most notably a distal humerus and a radius.

Similarly taxonomically problematic is a partial left lower molar found in 2015 
at Zéli (Central Greece,). The specimen (Fig. 8) preserves just four lamellae that 
belong quite probably to its distal part. Its maximal width is 91 mm (measured mesi-
ally) and its height about 125 mm (measured in the second preserved lamella). A 
hypsodonty index of 137 is calculated for the preserved part. The mean lamellar 
frequency is calculated as 5.2 lamellae per 10 cm, ranging between 4.5 and 5.8 from 
the base to the top of the crown. All lamellae are completely unworn, except for the 

Fig. 8 A partial left lower molar referred to Mammuthus sp. from Zéli, Central Greece. (a) 
Occlusal view, (b) lingual view (the mesial end is on the right). Graphical scale equals 5 cm. The 
specimen is kept in the Ephorate of Palaeoanthropology–Speleology (Ministry of Culture and 
Sports, Athens)
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mesialmost one, which shows signs of incipient wear. More specifically, its occlusal 
surface has four transversely (linguobuccally) arranged enamel islets of quasi- 
circular shape. The specimen’s metrical characters (proportions and lamellar fre-
quency), as well as the wear pattern observable on the mesialmost lamella, are 
consistent with an attribution to an early species of Mammuthus, like M. meridiona-
lis. However, its incomplete preservation does not allow for a taxonomic attribution 
further than the genus level.

Masseti (2006) figured a partial lower molar of P. antiquus, still attached to a 
mandibular fragment, allegedly coming from Kálymnos Island. The specimen is 
kept in the Archaeological Museum of Kálymnos, together with some additional 
elephant and hippopotamus specimens, possibly from the same locality(ies) on the 
island. Kálymnos was connected to the mainland during most of the Pleistocene, 
having, as a result, a fossil fauna of continental, non-endemic character.

In the recent years, of particular interest is a partial skeleton of a mammoth, 
excavated in 2001 and 2003 near Loussiká (NW Peloponnese) by the Ministry of 
Culture (Fig. 9). The find was referred to the Middle Pleistocene steppe mammoth, 
M. trogontherii, as evidenced from its cranial and dental morphology (Athanassiou 
2012), though it had been previously preliminarily assigned to Elephas antiquus 
(Doukas and Athanassiou 2003; Athanassiou 2010). This wrong taxonomic identifi-
cation has been also cited by Tsoukala et  al. (2011). The latter authors, in their 
review of the occurrences of P. antiquus in Greece, described additionally new 
material of this species from the localities Kalonéri, Xeriás, Terpsithéa, Néa Léfki, 

Fig. 9 A part of the Mammuthus trogontherii skeleton from the lower Middle Pleistocene of 
Loussiká, NW Peloponnese (Athanassiou 2012): scapulae and ribs in situ during the excavation 
carried out by the Ephorate of Palaeoanthropology–Speleology, May 2003. The hammer is used 
for scale (length: 30 cm). The skeleton is currently curated at the Archaeological Museum of Patras
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and Sotíras (already mentioned above in this section). The Kalonéri (Kozáni, 
W.  Macedonia, located very close to Libákos and Kípi) specimen is a damaged 
skull, preserving the premaxillaries and both tusks. Xeriás (Kavála, E. Macedonia) 
yielded only fragmentary material. In Terpsithéa and Néa Léfki, both very close to 
the city of Lárissa (Thessaly), a fragmentary mandible and tusk parts (respectively) 
have been recovered from the terrace deposits of the river Peniós. A young-adult 
mandible from Sotíras with m1s and m2s is an important find, enriching the P. anti-
quus sample that was already known from this locality (Velitzelos and 
Schneider 1973).

Koulidou (2013) reviewed the museum collections (Geology–Paleontology 
Museum, Aristotle University of Thessaloniki) of Plio-Pleistocene Proboscidea 
from Northern Greece and concluded that P. antiquus occurs at Tsotýli and Sotíras, 
M. meridionalis at Tsotýli and Phílippi, M. trogontherii at Sotíras, Phílippi and pos-
sibly (cf.) at Tsotýli, and M. cf. primigenius at Phílippi and Vathýlakkos (site ‘Ravin 
de l’éléphant’, based on a m3 originally referred to P. antiquus by de Bonis et al. 
1973). She also documented the presence of M. rumanus at Tsotýli and possibly 
(cf.) at Kardiá, for the first time in Greece. The Tsotýli specimen was described 
soon after in detail by Kostopoulos and Koulidou (2015), who, although recognised 
its morphologic affinities with dental specimens referred to M. rumanus, refrained 
from assigning it to a species.

Two other important finds published recently are two partial skeletons of 
Palaeoloxodon antiquus, discovered in W. Macedonia and in Peloponnese, respec-
tively. The former was unearthed in 2005 during mining works in Amýntaio Lignite 
Mine and was described in detail by Kevrekidis and Mol (2016). The latter was 

Fig. 10 A left upper third 
molar from Symbolí 
(Sérres, E. Macedonia), the 
holotype of the subspecies 
Archidiskodon 
meridionalis proarchaicus 
Melentis, 1966. Occlusal 
view. The mesial end is at 
the top. Note the wide 
crown, with thick lamellae 
and enamel. The specimen 
is referred here to 
Mammuthus meridionalis. 
It belongs to the 
collections of the Museum 
of Paleontology and 
Geology, University of 
Athens. Original 
photograph courtesy of the 
same museum. Scale bar 
equals 10 cm
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Fig. 11 The Marathousa 1 skeleton of a male Palaeoloxodon antiquus (Megalopolis Basin, central 
Peloponnese; view to the East) during an early excavation stage (November 3, 2014), when several 
skeletal elements were still buried. The skeleton was found scattered mainly in a ENE–WSW 
direction, but generally well preserved. The plaster jacket at the eastern end of the excavation cov-
ers the skull (figured after its preparation in Fig. 12b). The find was published preliminarily by 
Konidaris et al. (2018)

located in 2013 during archaeological prospecting in Marathoúsa Lignite Mine, 
Megalopolis Basin, and was excavated during the years 2013–2019 (Konidaris et al. 
2018; Panagopoulou et  al. 2018; Figs.  11 and 12b). A significant feature of the 
Marathousa skeleton is that it is associated with lithic artefacts and bears cut marks, 
documenting butchering activities by humans on the elephant corpse (Konidaris 
et al. 2018; Panagopoulou et al. 2018). At about the same time, the Megalopolis 
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Basin yielded additional fossil samples: in September 2011 a tusk and a scapula, 
possibly associated with a lithic artefact, were found during the construction of an 
electricity distribution centre, not far from the village Íssoma (locality ‘Íssoma 
KYT’). A few days later, two more tusk parts were found in the same locality, 200 m 
to the North of the previous finds, but both were reduced to small fragments, pre-
sumably because of long aerial exposure before burial. Íssoma KYT yielded some 
more tusk parts in October of the same year. The following year, 2012, a team of the 
University of Athens excavated a ravine at Íssoma (which is allegedly one of the 
spots exploited by Skuphos during his 1902 expedition) and unearthed a few mam-
mal fossils, most notably a complete elephant tusk (Theodorou 2014). All these 
recent finds in the broader area of Íssoma (localities ‘Íssoma’ and ‘Íssoma KYT’) 
are referred to P. antiquus, based on the tusk morphology (weak curve and torsion) 
and the obtuse Schreger angles observed in the fragment cross sections.

A recent (2015) discovery of an elephant maxilla on the island of Kephallenía led 
Theodorou et al. (2018) to erect a new species, Elephas (Palaeoloxodon) cephal-
lonicus, accepting that the find belonged to an endemic, incipiently dwarfing popu-
lation. Following Athanassiou et al. (2019), P. cephalonicus is considered here as a 
junior synonym of P. antiquus, because it does not differ diagnostically from the 
mainland Palaeoloxodon of Greece (see Sect. Invalid Taxa).

Fig. 12 Cranial specimens of Palaeoloxodon from Greek localities. (a) Partial skull from Léfktro, 
Megalopolis Basin, in frontal view, published by Melentis (1965) (Museum of Paleontology and 
Geology, National and Kapodistrian University of Athens), (b) the complete skull of the Marathousa 
1 skeleton, Megalopolis Basin, in frontal view (Ephorate of Palaeoanthropology–Speleology, cur-
rently under study; see also Konidaris et al. 2018). Scale bar equals 50 cm
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4  Systematic Paleontology

This section considers only non-endemic, normal-sized elephants, excluding the 
several species of insular dwarfs, which have been described from the islands of 
Greece and presented separately (Lyras et al. volume 2).

 Valid Taxa

Elephantidae Gray, 1821

Type Genus Elephas Linnaeus, 1758.

Mammuthus Brookes, 1828

Type Species Elephas primigenius Blumenbach, 1799.

Included Taxa The genus is known with four continental species in Greece, M. ex 
gr. rumanus, M. meridionalis, M. trogontherii, and M. cf. primigenius.

Remarks Mammuthus is an elephantid genus that reached Eurasia during the late 
Pliocene (at about 3.5 Ma, or somewhat later), after having evolved in Africa. The 
oldest representatives of the genus in Eurasia are, though, quite primitive, featuring 
brachyodont or barely hypsodont molars that consist of just a few lamellae. Yet, 
during the Pleistocene the mammoth lineage underwent impressive evolutionary 
modifications in response to the recession of the forests and the expansion of open 
environments. These included primarily a great increase in hypsodonty, multiplica-
tion of the molar lamellae, and increase of their frequency, thinning of the enamel, 
and rostrocaudal shortening and dorsoventral deepening of the skull and the man-
dible. These morphological changes had been traditionally considered as a prime 
example of gradual, orthogenetic evolution, a conclusion biased by the fact that 
practically only the European fossil samples were well known. In a Eurasian-wide 
perspective, Lister et  al. (2005) illustrated a quite different evolutionary setting, 
according to which long periods of stasis, corresponding to the biochronological 
ranges of species, were interrupted by introductions of new morphotypes, appar-
ently originating in NE Asia and spreading to the west possibly by means of genetic 
input to geographically adjacent populations.

Mammuthus exhibit a unique suite of morphological characters that include a 
single-domed skull, subparallel tusk alveoli, curved and twisted tusks, and broad 
molars with usually weakly plicate enamel. Early and Middle Pleistocene species 
evolved very large body sizes, but a considerable gradual body size reduction is 
observed from the late Middle Pleistocene onwards. The Eurasian species currently 
classified in this genus are the following (from the oldest to most recent), M. ruma-
nus, M. meridionalis, M. trogontherii, and M. primigenius, the first being by far the 
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least well known and taxonomically documented, due to its scarcity. All were origi-
nally placed in Elephas, considered in a much wider sense, usually equivalent to the 
current subfamily Elephantinae. Other taxonomic names have been applied to mem-
bers of this clade as well, usually in order to split it in taxa of genus or subgenus 
rank, such as Archidiskodon Pohlig, 1888, Parelephas Osborn, 1924, and 
Mammonteus Osborn, 1924. Maglio (1973) showed the phylogenetic continuity of 
the relevant species and adopted their classification under a single genus, 
Mammuthus. The same opinion had been expressed before in Simpson’s classifica-
tion of mammals (Simpson 1945), while Osborn (1942), though splitting the lineage 
into three genera, recognised their close relationship and placed them together in a 
single subfamily, Mammontinae Osborn, 1921. The classification of these species 
under the genus Mammuthus is followed today by the majority of authors, except 
for most Eastern European ones, who generally prefer to classify the late Pliocene–
Early Pleistocene mammoth species to Archidiskodon (with Elephas meridionalis 
as the type species).

The species of the mammoth lineage shared the continent with other proboscide-
ans, such as the mammutid Mammut borsoni during the late Pliocene, the gom-
photheriid Anancus arvernensis during the late Pliocene and the Early Pleistocene, 
and the elephantid Palaeoloxodon antiquus during the Middle and the Late 
Pleistocene.

Mammuthus ex gr. rumanus (Stefanescu, 1924)

Nomenclatural and Taxonomical History The species was erected by its author, 
without any description, as a primitive ‘mutation’ of Elephas antiquus (i.e., a sub-
species in the current taxonomic practice). Stefanescu (1924) referred to an older 
publication (Athanasiu 1915) for a description of the type specimen (a partial m3 
from Tulucești, Romania), where it was assigned to Elephas cf. meridionalis. More 
recently, Radulescu and Samson (1995) described a molar from Cernăteşti, 
Romania, as M. rumanus. The late Pliocene and earliest Pleistocene elephantid 
material from Europe consists of scarce dental samples, which, due to their plesio-
morphic characters, are difficult to assign to a genus. They were habitually referred 
to the Asian species Elephas planifrons Falconer and Cautley, 1846 (e.g., Depéret 
and Mayet 1923; Osborn 1942, p. 969; Maglio 1973), to Archidiskodon gromovi 
Garutt and Alexeeva, 1964 (e.g., Azzaroli 1977), or considered primitive forms of 
M. meridionalis. In addition, Maschenko (2010) coined Archidiskodon garutti for a 
small Early Pleistocene dental sample from the Stavropol region, Russia (its prov-
enance locality is disputed), which, however, except for its more pronounced 
brachyodonty, does not seem to differentiate significantly from M. rumanus on the 
basis of the author’s metrical and morphological data (see also Baygusheva 
et al. 2011).

Type Material Stefanescu (1924) apparently considered as the holotype a partially 
preserved lower third molar (m3) figured by Athanasiu (1915, pl. XVII, fig. 4) and 
referred to as Elephas cf. meridionalis by the same author. Fairly recently, Lister 
and van Essen (2003) proposed as a neotype the complete upper third molar from 
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Cernăteşti (Romania), because of the false assumption that the holotype had been 
lost (Lister et al. 2005).

Type Locality Upper Pliocene of Tulucești (Galați region, Romania), biochrono-
logically dated to the zone MN16a. Regional stratigraphic correlations and palaeo-
magnetic data place this locality to the middle Gauss (Kaena event, about 
3.0–3.1 Ma) (Radulescu et al. 2003).

Distribution Primitive elephantine dental specimens attributable or similar to 
M. rumanus have been described (apart from the two Romanian localities men-
tioned above) from Bossilkovtsi (Bulgaria; Markov and Spassov 2003), the 
Stavropol area (SW Russia, Maschenko 2010), Kale Tepe-3 (Turkey; Albayrak 
2017; though morphologically closer to Elephas, according to the author), 
Bethlehem and Erq el Ahmar (Israel; Markov 2012; Rabinovich and Lister 2017; 
Rabinovich et al. 2019), and two localities in Shanxi (NE China; Wei et al. 2006). 
Lister and van Essen (2003) also referred to this species the samples from Montopoli 
and Laiatico (Italy) and Red Crag (England), but this opinion was moderated as 
provisional shortly later (Lister et al. 2005). Obada (2010) added another Romanian 
locality to the species’ distribution, Orodelu (Dolj, S. Romania), but considered the 
Cernăteşti specimen as a new distinct species (Archidiskodon stefanescui). An m3 
from Podari (Dolj, S. Romania), described by the same author as Loxodonta sp., 
may also be attributable to M. rumanus, on the basis of the morphologic and metri-
cal characters presented by Obada (2010).

In Greece, mammoth finds with archaic dental characters are known from Tsotýli 
(two specimens) and Kardiá (one specimen) in W.  Macedonia (Koulidou 2013). 
Their stratigraphic origin is unknown, because they derive from old incidental col-
lections, not systematic excavations. Koulidou (2013) referred them to M. rumanus. 
One of the Tsotýli specimens had been already published by Psarianos (1958) as 
Archidiskodon cf. meridionalis. The second specimen from the same locality is the 
most important of them and has been re-described in detail by Kostopoulos and 
Koulidou (2015). It is a part of a maxilla, bearing two rather brachyodont molars 
(M2 and M3) that consist of very few lamellae. Kostopoulos and Koulidou (2015) 
do not assign it to a species, due to our incomplete knowledge of the early mam-
moth morphology and variation. Here, however, it is included provisionally to M. ex 
gr. rumanus, together with the other two primitive elephantid finds from Greece, for 
the sake of simplicity, until more material becomes available.

Taxonomic Remarks The species M. rumanus was reviewed and described in 
detail by Lister and van Essen (2003), who essentially resurrected it internationally 
after many years of local use (e.g., Radulescu and Samson 1995) and expanded its 
distribution out of Eastern Europe. The authors pointed out that this species is dis-
tinctly different from M. meridionalis, in contrast with other names proposed for 
primitive mammoths, such as M. gromovi, whose type material is similar to the typi-
cal M. meridionalis (at least dentally), thus not separable from it at the species level. 
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Moreover, in African localities there is evidence for populations very similar to 
M. rumanus, which may indicate that this species had a transcontinental distribu-
tion, and was involved in the mammoths’ migration out of Africa (Markov 2012). 
Certain authors, however, prefer to classify rumanus as a basal subspecies of 
‘Archidiskodon’ meridionalis, immediately preceding gromovi in the biostrati-
graphic subspecies succession of this species (e.g., Vislobokova 2005; Baygusheva 
and Titov 2012). The name is used here as M. ex gr. rumanus to include the primi-
tive elephantid finds from Greece and similar samples from the wider European 
region, pending the availability of more material and a systematic revision of this 
group. Currently, the scarcity of well-dated dental finds and the lack of cranial mate-
rial make even a generic attribution insecure in most cases, while the true metrical 
and morphological variation within the species is incompletely known. Mammuthus 
rumanus is characterised dentally by a low number of lamellae (8–10 in M3/m3) 
and low lamellar frequency (3–5 lamellae per 10 cm of molar length), while their 
hypsodonty index is comparable to the minimum values calculated for M. meridio-
nalis (Lister and van Essen 2003; Lister et al. 2005). Occlusally, the enamel loops 
often form prominent, distally directed median folds, a feature homologous to the 
gomphothere central conules, which is reduced in later mammoth species.

Mammuthus meridionalis (Nesti, 1825)

Nomenclatural and Taxonomical History This species was defined by Nesti 
(1825) on an Early Pleistocene elephantine sample collected in the region of Upper 
Valdarno, N. Italy. Part of this material had been previously referred to the Asian 
elephant, Elephas maximus, and to the woolly mammoth, M. primigenius (see a 
historical account in Palombo and Ferretti 2005). Because of the species’ long bio-
stratigraphic range, numerous subspecies (usually chrono-subspecies) have been 
named to account for different evolutionary levels. Common names found in the 
literature are M. m. gromovi (Garutt and Alexeeva, 1964), M. m. meridionalis, M. m. 
vestinus (Azzaroli, 1972), M. m. tamanensis (Dubrovo, 1963), and M. m. depereti 
Coppens and Beden, 1982 (roughly from the stratigraphically oldest to more recent 
ones). Subspecies names that have been used to identify Greek fossils include M. m. 
meridionalis, M. m. cromerensis Depéret and Mayet, 1923, M. m. archaicus Depéret 
and Mayet, 1923, M. m. proarchaicus Melentis, 1966, and M. m. vestinus (Azzaroli, 
1972) (Melentis 1960, 1961, 1966a; Mitzopoulos 1967; Konidaris et al. 2020).

Type Material No holotype was designated by Nesti (1825), who, however, fig-
ured two skulls and several limb bones in his study. One of these skulls (IGF-1054; 
Palaeontological Museum of Florence, Italy) was later designated as the lectotype 
by Depéret and Mayet (1923). The type locality has yielded until today a rich hypo-
digm that includes skeletons, several skulls and mandibles, and hundreds of molars 
and postcranial elements (Palombo and Ferretti 2005).
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Type Locality Lower Pleistocene fluvio-lacustrine deposits of the Montevarchi 
group, Upper Valdarno, Italy. This sequence includes the Matassino (older) and the 
Tasso (newer) faunas, and it is dated to the time interval 2.0–1.77 Ma (Palombo and 
Ferretti 2005).

Distribution The species is quite common, known from hundreds of localities 
widespread across Eurasia, except for its northernmost regions. It is also tentatively 
reported from Northern Africa (Maglio 1973; Sanders et al. 2010). Its presence in 
North America, assumed in the past by some authors (e.g., Osborn 1942; Maglio 
1973), is not supported by recent research (Lister and Sher 2015). Geochronologically, 
it appeared at about the beginning of the Pleistocene (2.6 Ma) and persisted till the 
early part of the Middle Pleistocene (possibly as late as 0.6 Ma) (Lister et al. 2005). 
In Greece, the species occurs usually as single dental finds currently in more than 
20 localities (see Appendix) situated throughout the country. Most of them are not 
datable further than a general placing in the Lower Pleistocene.

Taxonomic Remarks This is the oldest well-known species of the genus. It is of 
large body size, with moderately rostro-caudally shortened skull and mandible. The 
skull has a concave forehead in lateral view and forms dorsally a single dome due 
to the dorsal expansion of the parietal and occipital bones. With regard to more 
advanced species of the genus, the mandibular symphysis is long. The tusks are 
robust, curved, and twisted, and the molars are wide, weakly to moderately hypso-
dont (hypsodonty index: 99–146 in M3s, 110–143 in m3s; Lister and Stuart 2010), 
with thick lamellae and moderately thick enamel. The third molars (M3/m3) consist 
of 12–14 lamellae (in rare cases 11 or 15; Lister et al. 2005).

The species exhibited a gradual evolution during its long history mainly towards 
a higher cranial dome, higher lamellae number, increased hypsodonty, and thinner 
enamel. This guided certain authors to assign the known samples to distinct evolu-
tionary stages. Depéret and Mayet (1923) distinguished four ‘mutations’ (archaic, 
typical, Saint-Prestien, and cromerensis), the last of which is presently referable to 
M. trogontherii, at least partly. Maglio (1973) designated three evolutionary stages, 
‘Laiatico’, ‘Montevarchi’, and ‘Bacton’ (from less to more derived), the second of 
which is the one observed in the material of the type locality. The Laiatico stage 
samples have been later related to ‘Archidiskodon’ gromovi (see Azzaroli 1977) and 
to M. rumanus (see Lister and van Essen 2003; Lister et al. 2005). However, the 
scarce available material of these archaic mammoth forms is still inadequate for an 
unambiguous species-level taxonomy (Palombo and Ferretti 2005). The Bacton 
stage includes the most advanced samples of the species that reached the highest 
lamellae number and hypsodonty and corresponds roughly to the local subspecies 
M. m. vestinus, M. m. depereti, and M. m. tamanensis mentioned above.

The Greek fossil record of M. meridionalis remains still rather poor. Despite this 
fact, certain isolated dental specimens were determined taxonomically down to the 
subspecies level, without considering the wide morphological variability of mam-
moth molar characters, which are also wear dependent (see, e.g., Lister and Sher 
2015). This taxonomic practice, followed during the 1960s, is certainly not 
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appropriate, and the subspecific part of the name should be dropped. The molars 
studied by Melentis (1960, 1966a) form an example (Fig.  10; see also above). 
Moreover, in some cases, the samples are referable to Palaeoloxodon antiquus (see 
below in this section), not to a mammoth. The case of the Megalopolis sample 
(Melentis 1961) has been already mentioned above. Another example are the two 
molars from Néa Kómi or Perdíkkas (exact locality data are not given), which were 
referred to Archidiskodon meridionalis archaicus by Mitzopoulos (1964, 1967): the 
high and narrow crowns, as well as the occlusal wear pattern point to the straight-
tusked elephant, which is frequently found in the area, and not to an archaic mam-
moth. The same is quite probably true for a molar from Chálki referred by Schneider 
(1968) to Elephas (Archidiskodon) meridionalis cf. cromerensis (see also 
Athanassiou 2002). A taxonomic determination at the subspecies level has been 
published again very recently (M. m. vestinus from Apollonía; Konidaris et  al. 
2020), but this time it was employed to classify a richer sample, which is clearly 
evolutionary more advanced than the typical samples of the species.

Mammuthus trogontherii (Pohlig, 1885)

Nomenclatural and Taxonomical History The recognition of this taxon was the 
result of an extensive study on the Pleistocene elephants of Europe elaborated by 
Pohlig (1888, 1891). However, a short description of the species as an intermediate 
form between M. meridionalis and M. primigenius, accompanied by a statement of 
the name Elephas trogontherii, is to be found in a letter of the author referring to 
this study, which was published in 1885. The use of this name is widespread since 
then. Maglio (1973) preferred to use an older name, M. armeniacus (Falconer, 
1857), which he considered as a senior synonym of M. trogontherii. This opinion 
was not followed by most later authors, however, because M. armeniacus is insuf-
ficiently documented on the basis of poor material from a difficult to relocate and 
undated type locality (Adam 1988; Lister 1996). The use of the name M. trogonthe-
rii is currently ubiquitous. Other junior synonyms of M. trogontherii include 
Elephas intermedius Jourdan, 1891; Elephas nestii Pohlig, 1891; and Elephas 
wuesti Pavlow, 1910.

Type Material No type material was designated by the species author, so that the 
total molar sample from Süßenborn (Thuringia, Germany), described in detail by 
Pohlig (1888), can be considered as syntypes. Later, Osborn (1942) chose an upper 
and a lower third molar out of the type series as a lectotype, despite the fact that the 
two specimens, though belonging to the same fossil collection, do not necessarily 
belong to the same individual. To correct for this error, Kahlke (1990) fixed one of 
Osborn’s specimens (the upper third molar) as the lectotype, based on the same 
choice made by Dubrovo in a series of papers (e.g., Dubrovo 1965), who, however, 
repeatedly referred to the molar as a lower third one. The type locality has yielded 
more than a thousand molars of this species (Guenther 1969), which constitute a 
very good statistical sample to characterise the species dentally.
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Type Locality Fluvial sediments of Süßenborn, upper terrace system of the river 
Ilm (Thuringia, central Germany), dated to early Middle Pleistocene (about 600 ka) 
(Lister and Sher 2001).

Distribution This species is common, known from many localities across Eurasia. 
In Europe it is first recorded at about 1.0 Ma, initially coexisting in certain parts of 
the continent with M. meridionalis (see Lister et al. 2005) and becomes a common 
faunal element after about 0.8 Ma. However, fossils with M. trogontherii morphol-
ogy are already known from much older, Lower Pleistocene deposits in N. China, 
dated at 1.66 Ma (Wei and Lister 2005), and in E. Siberia at about 1.2 Ma (Lister 
and Sher 2001), suggesting that E. Asia was the centre of evolution and dispersion 
of this species. M. trogontherii persisted in Europe until about 200 ka, but, again, 
Chinese finds postdate the species’ last occurrence in Europe, surviving until the 
latest Pleistocene (Wei et al. 2010).

Taxonomic Remarks Morphologically intermediate between M. meridionalis and 
M. primigenius, M. trogontherii features, with respect to older mammoth forms, a 
rostro-caudally shorter and higher skull, a deeper mandible with shorter symphysis, 
and more advanced molars, with more lamellae, thinner enamel and distinctly 
increased hypsodonty. Some early finds from Europe exhibit a less derived, mosaic 
dental morphology, characterised by advanced hypsodonty, but rather low lamellar 
count (15–17), or vice versa, high lamellar count, but moderate hypsodonty (Lister 
et al. 2005; Lister and Stuart 2010). Typical M. trogontherii have a lamellar number 
of 17–22 and a hypsodonty index of 153–206 in M3 and 141–177 in m3 (Lister and 
Stuart 2010). M. trogontherii has been credited the title of the largest-bodied ele-
phantid (possibly also proboscidean), with exceptionally large males estimated to 
weigh more than 20,000 kg (Christiansen 2004). However, the species underwent a 
progressive body size reduction during the Middle Pleistocene, with later and 
smaller forms often referred to the subspecies M. trogontherii chosaricus Dubrovo, 
1966 (in some cases elevated to the species level), approaching the morphology of 
M. primigenius. Due to the complexity of the M. trogontherii–M. primigenius tran-
sition, this taxon (in subspecies or species rank) is rarely used in systematics any-
more (see Lister 1996).

The species’ fossil record in Greece is limited (see Appendix), as it is not so 
common in southern latitudes. Psarianos (1958) and Marinos (1964) mention its 
presence in Macedonia (localities Sotíras, W.  Macedonia, and Phílippi, 
E. Macedonia) on the basis of three isolated molars. Later, Velitzelos and Schneider 
(1973) described two additional molars from Sotíras as M. trogontherii, but one of 
them (in their figs. 6 and 7) is better attributed to P. antiquus, which is also present 
in the site. More recently, Koulidou (2013), in a comprehensive study of the avail-
able proboscidean material from Northern Greece, described dental specimens 
referable to this species from the localities Tsotýli, Sotíras, and Phílippi.

An exceptional find, compared to the generally poor samples of the species 
throughout the country, is a partial skeleton excavated in 2001 and 2003 at Loussiká, 
NW Peloponnese (Athanassiou 2012; Fig.  9). The recovered anatomical parts 
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include the skull and mandible, part of the axial skeleton, and many limb bones that 
document a large 45-year-old male individual, estimated to have stood about 
3.5–3.8 m high and have weighed 8 tons (Athanassiou 2012; Larramendi 2016). The 
Loussiká mammoth is also important in a European perspective, due to the rarity of 
skeletons of this species, and its location, which is comprised among the southern-
most recorded.

Mammuthus cf. primigenius (Blumenbach, 1799)

Nomenclatural and Taxonomical History The woolly mammoth was one of the 
first fossil proboscidean species to be recorded in the scientific literature. Thanks to 
its abundant remnants discovered throughout the Northern Hemisphere, which 
include not only fossil skeletal elements but also well-preserved carcasses with soft 
tissues often found in the permafrost of the northernmost territories, M. primigenius 
is likewise one of the best-known extinct animals. Quite like most derived 
Proboscidea, this species was initially classified in the genus Elephas. Osborn 
(1942) used the name Mammonteus Osborn, 1924, but Maglio (1973) restored 
Mammuthus as the valid genus name according to the rules of zoological nomencla-
ture. Many woolly mammoth fossils discovered during the nineteenth and early 
twentieth centuries were given a plethora of different names of species or subspe-
cies rank, most of which were not accompanied by a diagnosis or even a description 
and were soon forgotten (Garutt 1964; see also the synonymy list in Maglio 
1973, p. 60).

Type Material The species’ original publication did not include a description, nor 
a designation of type material. Osborn (1942, p. 1122) selected as lectotypes two 
molars from Blumenbach’s personal collection, deriving from Germany and Siberia, 
respectively. Gromova argued in 1965 (cited in Garutt et al. 1990) that only one of 
these specimens, the molar from Siberia, should be designated as the lectotype of 
the species. Maglio (1973, p.  60) shared the same opinion. However, the 
Blumenbach’s collection seems to have been lost or destroyed during World War 
II. To address these problems, Garutt et al. (1990) proposed to designate an adult 
nearly complete male skeleton discovered in 1948 on the Taimyr Peninsula, 
N. Siberia, as the neotype of the species.

Type Locality Uppermost Pleistocene of Taimyr Peninsula, N. Siberia (place of 
origin of the species’ neotype; Garutt et al. 1990).

Distribution As in the case of its immediate ancestor, M. primigenius was first 
emerged in the E. Asia and subsequently dispersed west to the rest of the Eurasia, 
and east to N. America through Beringia. In Europe, it is first recorded at about 
200 ka (Lister et al. 2005) and became widespread, particularly in periods of cold 
climate. By the end of the Pleistocene the species populations started to recede to 
the North, probably because of the climate warming and expansion of forests, com-
bined with hunting pressure by humans. The last M. primigenius finds from the 
European North have been 14C dated to the Younger Dryas / Holocene boundary, 
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about 11.4–11.8 ka (Ukkonen et  al. 2011). The species’ palaeogeographic range 
continued to shrink rapidly, until its ultimate extinction at about 3.7 ka on Wrangel 
Island, NE Siberia (Stuart et al. 2002).

Since this is a cold-adapted species, it is very rare in Greece, limited geographi-
cally to the country’s northern part, and quite possibly also geochronologically to 
periods of cold climate. It has been tentatively identified (as M. cf. primigenius) on 
dental and osteological material in Angítis (E.  Macedonia), dated to the Late 
Pleistocene (34–28 ka) (Koufos 1981; Trantalidou 2013) and Phílippi (E. Macedonia) 
on a molar fragment (Koulidou 2013). A third potential locality, according to 
Koulidou (2013), is Ravin de l’éléphant (Vathýlakkos, Central Macedonia), based 
on a molar with enigmatic morphology originally assigned to P. antiquus (de Bonis 
et al. 1973; see also below).

Taxonomic Remarks Mammuthus primigenius represents the last stage in mam-
moth evolution in Eurasia, a species adapted to life in cold and dry steppe–tundra 
habitats. Compared to its ancestral species M. trogontherii, it is characterised by a 
reduction in body size and the evolution of more advanced molars, with more lamel-
lae and thinner enamel. Typical M. primigenius have third molars with 23–28 lamel-
lae, though specimens with fewer lamellae (as few as twenty) have been recorded in 
Europe (Lister and Sher 2001; Lister and Stuart 2010). The hypsodonty index does 
not seem to have changed, with the range of 160–209 calculated for the rich Upper 
Pleistocene locality Předmostí (Czechia) (Lister and Sher 2001; Lister and 
Stuart 2010).

Several fossils from Greece have been referred to M. primigenius, but their iden-
tity is often doubtful. The dental specimen allegedly from Megalopolis Basin 
(Melentis 1961) clearly belongs to a woolly mammoth, but comes in fact from a 
Ukrainian locality (see Sect. 3). A molar from the Peniós estuary (Thessaly) 
(Paraskevaidis 1977, pl. 3, fig. 3) seems to have thick lamellae and enamel (the 
author did not provide a scale bar or measurements, while the whereabouts of the 
specimen is unknown). It is rather attributable to a less advanced mammoth species, 
or more probably to P. antiquus, which is common at several sites along the Peniós 
valley. Angítis (E. Macedonia) is the only site where the species seems to have been 
more frequent, though more diagnostic material is needed for a secure species-level 
determination (Koufos 1981; Trantalidou 2013). Recently, Koulidou (2013) referred 
to the woolly mammoth a third molar from Ravin de l’éléphant (Vathýlakkos, 
Central Macedonia), reported as P. antiquus italicus by de Bonis et al. (1973). The 
specimen consists of only 17 lamellae according to Koulidou (2013), a feature 
which differentiates it strongly from the M. primigenius hypodigm. Its completely 
unworn occlusal surface hampers its taxonomic identification. Its long and narrow 
crown may indicate an affinity to P. antiquus (in accordance to the original assign-
ment by de Bonis et al. 1973), but the lamellar frequency is quite high (about 9 
based on Koulidou’s figures), consistent with the morphology of an advanced mam-
moth. The Vathýlakkos find is referred here to cf. P. antiquus, until more data 
become available. A partial molar from Phílippi referred by the same author 
(Koulidou 2013) to M. cf. primigenius is rather too incompletely preserved to be 
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identified at the species level, though, also in this case, it is characterised by very 
high lamellar frequency, as in M. primigenius.

Palaeoloxodon Matsumoto, 1924

Type Species Elephas namadicus naumanni Makiyama, 1924 (raised to the spe-
cies level since the early 1970s).

Included Taxa The genus is known with a single species in continental Greece, 
P. antiquus.

Remarks Although Palaeoloxodon is a genus mainly occurring and studied in 
Europe and E.  Asia, it is of African origin, just as the other elephantine genera 
(Osborn 1942; Aguirre 1969; Maglio 1973; Saegusa and Gilbert 2008). It is known 
to have existed in E. Africa at least since the early Pliocene with the species P. eko-
rensis (Maglio, 1970) and P. recki (Dietrich, 1916), which already exhibited the 
apomorphic characters of the genus, though in more ancestral states (Maglio 1973). 
Palaeoloxodon probably migrated to Eurasia during the terminal Early Pleistocene, 
at about 1.0 Ma (Saegusa and Gilbert 2008) and enjoyed a wide dispersal in the 
continent in habitats of temperate climate. Palaeoloxodon never migrated to 
America, quite probably because of the cold and arid steppe environment of NE 
Asia and Beringia, which was hostile to the populations of this genus. In Eurasia it 
became extinct during the last glacial period of the Late Pleistocene (Stuart 2005; 
Saegusa and Gilbert 2008).

Palaeoloxodon are readily distinguished from the mammoths on cranial charac-
ters, while there are also distinctive dental features. The skull is very large, high and 
rostro-caudally short, with a double-domed vertex dorsally and concave frontopari-
etal surface. The tusk alveoli are divergent (at least in advanced species) not closely 
positioned like Mammuthus. The tusks are weakly curved and twisted, in contrast to 
the spirally twisted and more curved tusks of Mammuthus. The molars exhibit low 
hypsodonty and low lamellae number in early forms, but have more lamellae and 
become very hypsodont in Pleistocene species. However, Palaeoloxodon never 
reached the level of lamellar multiplication observed in advanced mammoths. 
Moreover, Palaeoloxodon is characterised by the presence of a ‘loxodont sinus’, a 
thickening of the lamellae in their central area, observed as a large median fold on 
the occlusal surface, a persisting plesiomorphic feature not retained in advanced 
Mammuthus.

Palaeoloxodon antiquus (Falconer and Cautley, 1847)

Nomenclatural and Taxonomical History This very common European elephant 
species was initially published as Elephas antiquus Falconer and Cautley, 1847, 
together with a very similar Asian species, E. namadicus Falconer and Cautley, 
1847. Matsumoto (1924) introduced a new name for the Japanese samples, 
Palaeoloxodon, and placed it in subgeneric rank under the genus Loxodonta. Later 
in the same year, Osborn (1924) coined the genus names Sivalikia for the Asian 
samples and Pilgrimia for the Mediterranean dwarf forms and the African species 
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E. recki. The same author soon created a new genus for the European species, 
Hesperoloxodon Osborn, 1931, based on a skull from Italy. Finally, Osborn (1942, 
p. 1179) accepted the synonymy of Sivalikia and Pilgrimia with Palaeoloxodon, but 
retained Hesperoloxodon for the European non-insular samples. Aguirre (1969) 
considerably reduced Osborn’s taxonomic splitting, using Palaeoloxodon as a genus 
name for all African and Eurasian species of the relevant morphology (recki, nama-
dicus, antiquus, falconeri, etc.). Maglio (1973) synonymised Palaeoloxodon with 
Elephas, and antiquus with namadicus, basing his arguments on cranial morphol-
ogy and accepting a certain degree of intraspecific variation. However, these sug-
gestions were generally not followed by later authors, who continued to use both 
Palaeoloxodon (in genus or subgenus rank under Elephas) and antiquus, pending a 
large-scale revision of the namadicus–antiquus group. In the recent literature, 
Palaeoloxodon is consistently employed in genus rank (following Inuzuka and 
Takahashi 2004, Shoshani et al. 2007 and Todd 2010), and antiquus continues to be 
used exclusively for the European and Middle East populations.

Type Material The species is defined on a partially preserved mandibular part 
bearing the m2, which was designated as the lectotype by Osborn (1942, p. 1218).

Type Locality The type locality is unknown, but Palombo and Ferretti (2005) cited 
a personal communication with P. Davies and A. Lister, according to which the lec-
totype probably comes from the upper Middle Pleistocene deposits at Grays, a site 
in the terrace system of the river Thames (England).

Distribution Palaeoloxodon antiquus is by far the most common elephantine spe-
cies in Southern Europe, expanding its range to the North during periods of warmer 
climate. The species occurs in hundreds of localities throughout Europe, particu-
larly in Italy, Germany, and France (see, e.g., Palombo et al. 2010, fig. 6). In Greece, 
it is quite widespread geographically, occurring in numerous localities, from 
Western and Central Macedonia in the North to Southern Peloponnese and Kýthera 
Island in the South and from Kephallenía Island in the West to Kálymnos Island in 
the East. Yet unpublished material includes tusks from Alivéri (Euboea) and Nissí 
(NW Peloponnese) (Museum of Paleontology and Geology, National and 
Kapodistrian University of Athens). The former was believed to belong to M. merid-
ionalis (see Doukas and Athanassiou 2003), but has clear P. antiquus morphology. 
A left m3 from Philótas (NW Macedonia), curated in the Petralona Museum 
(Chalidikí) may also belong to this species.

Palaeoloxodon antiquus first appeared in Europe just before the beginning of the 
Middle Pleistocene, at about 0.9–0.8 Ma and became extinct in Northern Europe at 
the end of the Last Interglacial (Eemian), as its range contracted to the South fol-
lowing the retreat of the temperate vegetation to the same direction (Stuart 2005)—
note, nevertheless, that P. antiquus molars from the Netherlands have been dated to 
as late as 32.5 ka (Bosscha Erdbrink et al. 2001; Mol et al. 2007). Southern Europe 
acted as a refugium for temperate-adapted floras and faunas during the glacial peri-
ods of the Pleistocene, and this was also the case during the Last Glacial, allowing 
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for a later extinction date in this region. On the Italian Peninsula, this species con-
tinued to constitute a common element of the Late Pleistocene faunas and became 
extinct sometime during the MIS 3 (about 60–27 ka) (Palombo and Ferretti 2005). 
On the Iberian Peninsula, P. antiquus is reported to have persisted until about 33 ka 
(Sousa and Figueiredo 2001), while a more recent date of 23.5 ka appears to be 
controversial (Stuart 2005).

The Greek fossil record of P. antiquus is in most cases not dated using physical 
methods (either directly on the elephant fossils, or on associated samples). Only 
three samples have been dated so far. The geochronologically oldest dated find is 
the skeleton from Marathousa 1 (Megalopolis Basin; Fig. 11), which yielded an age 
estimation of 0.50–0.42 Ma (MIS 12), resulting from combining palaeomagnetic, 
radiometric, and optical methods (Blackwell et  al. 2018; Jacobs et  al. 2018; 
Tourloukis et al. 2018). A more recent elephant skeleton from Ambélia, Grevená, 
was dated to MIS 6 (165–170 ± 25 ka) using the Electron Spin Resonance method 
(Bassiakos in Tsoukala and Lister 1998). Last, a maxilla from Póros, Kephallenía 
Island, was dated by Theodorou et  al. (2018) at 104.2 ± 18.5 ka, using Infrared 
Optically  Stimulated Luminescence Dating of feldspar. An additional locality is 
dated indirectly. This is Peniós Valley, located west of the city of Lárissa (Thessaly), 
where the fossils are found in the river’s lower terrace. The age of these deposits has 
been estimated to 45–30 ka, based on 14C dating of freshwater molluscs and U/Th 
dating of pedogenic carbonates from several sites in the river banks (Demitrack 
1986), while Runnels and van Andel (1993) extended this range back to 60–30 ka, 
based on archaeological correlations. This is the most recent date obtained for 
P. antiquus samples in Greece (Athanassiou 2011).

Taxonomic Remarks Palaeoloxodon antiquus is a very large-bodied elephant 
with largest male individuals estimated to have stood 4  m high at the shoulders 
(Larramendi et al. 2017). It is characterised by a massive rostrocaudally compressed 
skull, with a two-bulged vertex. Dorsally the skull often forms a strong parieto- 
occipital crest that folds rostrally over the frontal surface and overhangs the external 
nares. Another prominent feature of this species is the long and fan-shaped premax-
illaries, which widen distally in accord to the strongly divergent tusks (see, e.g., 
Fig. 12b). The mandible is deep, to accommodate the hypsodont molars, and has a 
short symphysis. The tusks are weakly curved and exhibit only slight torsion. Their 
dentine structure is manifested in cross sections as curved Schreger lines that form 
obtuse angles near the tusk periphery (Palombo and Villa 2001; see also Fig. 5). The 
molars are narrow and hypsodont, with coarsely folded, rather thick enamel that 
forms a ‘loxodont sinus’, i.e., a central thickening of the lamellae expressed on the 
occlusal surface as a median widening of the enamel loops. Incipiently worn lamel-
lae usually present a ‘dot-dash-dot’ wear pattern, i.e., a central wide elliptical 
enamel loop, and two smaller of more circular shape on the lingual and buccal side. 
The third molars (M3/m3) normally have 12–18 plates (Maglio 1973) but may 
reach 20 in exceptional cases (Palombo and Ferretti 2005). The lamellar frequency 
ranges between 4.4 and 7.7 lamellae per 10 cm of molar length (Maglio 1973), usu-
ally about 5–6.
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The question on the taxonomic relationship between the European P. antiquus 
and the Asian P. namadicus remains still open, because of the need for a wide-scale 
revision of the available cranial material. Maglio (1973) considered the two species 
as synonyms, with P. namadicus having priority, based on the absence of dental dif-
ferences and the considerable variability observed in the Indian cranial samples, 
which incorporate the morphologies found in Europe. Indeed, the characteristic 
development of a parieto-occipital crest observed in Indian samples (the so-called 
‘namadicus morph’ of Saegusa and Gilbert 2008) is also found in Italy (e.g., in Pian 
dell’Olmo, La Polledrara di Cecanibbio, and Pignataro Interamna; Maccagno 1962; 
Palombo and Ferretti 2005; Anzidei et al. 2012). Skulls with a weak parieto- occipital 
crest (the so-called ‘Stuttgart morph’ of Saegusa and Gilbert 2008) are more com-
mon in Germany (e.g., in Steinheim an der Murr and Neumark-Nord; Osborn 1942, 
p. 1254; Palombo et al. 2010), but this morphology is also present in India (Saegusa 
and Gilbert 2008). Saegusa and Gilbert (2008) considered three alternative hypoth-
eses to explain the occurrence of both these morphologies: (a) they reflect pro-
nounced intraspecific variation; (b) they represent two distinct taxa, of which the 
more advanced (namadicus morph) replaced the ancestral one; and (c) they repre-
sent two distinct taxa occurring contemporaneously. The authors considered option 
(a) as the least plausible and discussed the other two. In the case of option (b), they 
place the taxonomic replacement sometime during, or slightly before, MIS 9.

Concerning the Greek samples, the morphology of the parietofrontal region is 
observable in two skulls, one from Léfktro (Melentis 1965) and one from Marathousa 
1 (Konidaris et al. 2018). Both bear prominent parieto-occipital crests (Fig. 12) that 
bend rostrally over the nasal opening. The skull from Léfktro (Fig. 12a) seems to 
have had a somewhat stronger crest that bends down closer to the nares (contra 
Melentis 1965, who stated that there is no such crest). A more accurate assessment 
is not possible, however, because the region is partially eroded before burial and 
partially damaged, possibly during excavation or preparation. Nevertheless, none of 
the Megalopolis Basin skulls exhibits the extreme infolding of the crest observed in 
the specimens from Godávari, India (Osborn 1942, p. 1250) and La Polledrara di 
Cecanibbio, Italy (Palombo and Ferretti 2005; Anzidei et  al. 2012; but see also 
Larramendi et al. 2020 for a re-evaluation of the condition seen in this skull). Léfktro 
and Marathousa 1 are geographically adjacent, the former being located about 8 km 
SSE of the latter. Their exact relative stratigraphic position is unknown, but both 
derive from organic-rich lacustrine sediments of the Marathousa Member of the 
Choremi Formation within the Megalopolis Basin (Vinken 1965; Tourloukis et al. 
2018) and are expected to have a similar geological age. The development of the 
parieto-occipital crest in other skulls from Greek localities, like those from Grevená 
(Tsoukala and Lister 1998) and Amýntaio (Kevrekidis and Mol 2016) is unknown 
because the relevant cranial part is not preserved. The Perdíkkas elephant skull 
apparently preserves this region, but it is not observable, since the skull remains in 
situ lying on its frontal plane (Fig. 7).
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The Greek fossil record sheds some light to the problem of the relationship 
between the ‘namadicus’ and the ‘Stuttgart’ morphs. The early presence of ‘nama-
dicus morph’ skulls in Greece (Marathousa 1 is dated to MIS 12; Blackwell et al. 
2018; Jacobs et al. 2018; Tourloukis et al. 2018), with respect to the more recent 
dating of ‘Stuttgart morph’ specimens from Germany (MIS 11 or 9 in Steinheim, 
van Asperen 2013; MIS 7 in Neumark-Nord, Palombo et al. 2010), is not consistent 
with the hypothesis (b) of Saegusa and Gilbert (2008), according to which the 
‘namadicus morph’ succeeded the ‘Stuttgart morph’ during MIS 9. Thus, the two 
morphologies are not evolutionarily related and must be referred either to different 
conspecific populations or to different species [hypotheses (a) and (c), respectively, 
in Saegusa and Gilbert 2008]. According to an additional option, favoured here, the 
two morphs and their intermediate stages might be an effect of intra-population 
variation, occurring mainly as a result of sexual dimorphism and ontogeny. If the 
parieto-occipital crest primarily functioned as a muscle insertion area, then its 
development might reflect the relative size of the tusks, which is expected to vary 
significantly among male, female, young, and old individuals. Quite recently, 
Larramendi et  al. (2020) revisited the issue, examining the development of the 
parieto- occipital crest in cranial specimens from Africa, Asia, and Europe, and con-
cluded that, indeed, the European samples cannot be divided into two species based 
on this feature. Evaluating a wider range of cranial and postcranial characters, they 
retained, though, the specific distinction between the European and the S. Asian 
straight-tusked elephants (P. antiquus and P. namadicus, respectively).

 Unavailable Taxa

Elephas gortynius Skuphos, Elephas antiquus var. gortyniensis Depéret, 1913, 
and Elephas minor Skuphos

These three species-group names appear in the literature, being attributed directly 
or indirectly to Th. Skuphos, and referring to the elephant fossils he excavated in 
1902  in the Megalopolis Basin (see Sect. 3). In particular, Bürchner (1903) and 
Georgalas (1929) mentioned E. gortynius as a species-rank name coined and used 
in lectures by Skuphos. According to these authors, the name gortynius referred to 
an allegedly complete skeleton from the area of Íssoma, which is not available pres-
ently, at least as a whole. The find was not described, except for a vague mentioning 
of its large size. Georgalas (1929) added E. minor as well, but in its Greek version, 
not latinised. According to him, the name minor was based on a very small molar 
(not described), which apparently belongs to a juvenile individual. Both names are 
considered herein as nomina nuda. This is because, to my knowledge, none of them 
has been ever published by Skuphos in any form of scientific or popular publication 
(that is why their authorships lack a publication year), and consequently they do not 
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fulfil the criteria of availability (Art. 11 of the ICZN). Moreover, although they were 
treated as valid names by the two authors mentioned above, the corresponding sam-
ples remained undefined and undescribed by them. Thus, their publications do not 
meet the criteria of Art. 12 of the ICZN, and the names can neither be attributed to 
Bürchner (1903) nor to Georgalas (1929), who used them.

Depéret (1913), when referring to the material excavated by Skuphos, also uses 
the first name (as a ‘variation’ of E. antiquus, that is of subspecies rank), but with 
the different spelling ‘gortyniensis’, followed by the designation ‘n. var.’. 
Supposedly, Depéret was aware of the unpublished status of this name and pub-
lished it, but also in this case without any description of any kind. Since E. antiquus 
gortyniensis lacks a description, it is also a nomen nudum, according to the Art. 12 
of the ICZN.

 Invalid Taxa

In two cases, authors erected new species-group names for elephantid samples from 
Greece. Both names conform to the requirements of the ICZN, thus they are avail-
able, but are considered herein as junior synonyms of pre-existing names.

Archidiskodon meridionalis proarchaicus Melentis, 1966
(= Mammuthus meridionalis)

Type Material AMPG 1964/449, left upper third molar (M3); Museum of 
Paleontology and Geology, University of Athens. Described by Melentis (1966a).

Type Locality Symbolí, (Sérres, E. Macedonia); Early Pleistocene.

Remarks This subspecies was defined on a single molar, described as presenting 
archaic morphological characters, which allegedly distinguish it as a basal subspe-
cies of M. meridionalis. Indeed, the specimen is characterised by low lamellar fre-
quency and thick enamel. However, given the considerable individual and 
wear-dependent morphological variability of the elephantid molars, a single speci-
men cannot be considered as a representative of a taxonomically distinct popula-
tion. Moreover, despite the presence of characters that can be considered ancestral, 
others are derived (e.g., the molar’s height). In general, the molar AMPG 1964/449 
is morphologically and metrically comparable to published samples of M. meridi-
onalis (e.g., Maglio 1973; Lister and Sher 2015) and does not present any special 
features to justify a taxonomic separation. As such, A. meridionalis proarchaicus is 
considered a junior synonym of Mammuthus meridionalis. To my knowledge, this 
species-group name has never been used again for other samples.

Elephas (Palaeoloxodon) cephallonicus Theodorou et al., 2018
(= Palaeoloxodon antiquus)
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Type Material AMPG 900, fragment of maxilla with molars on both sides; 
Museum of Paleontology and Geology, University of Athens. Described by 
Theodorou et al. (2018).

Type Locality North coast of Póros, SE Kephallenía Island; early Late Pleistocene 
(104.2 ± 18.5 ka) (Theodorou et al. 2018).

Remarks This species was erected as an endemic, incipiently dwarfing 
Palaeoloxodon elephant taxon. The single specimen studied by the authors is 
dimensionally smaller than some continental samples of P. antiquus, but still 
remains large sized, having molar widths very close to the mean values of P. anti-
quus (according to Maglio 1973). As shown by Athanassiou et  al. (2019), the 
Kephallenía specimen does not differentiate metrically from the mainland 
Palaeoloxodon of Greece, being larger than certain specimens from the Megalopolis 
Basin. Thus, AMPG 900 is not sufficient for the documentation of a new endemic 
species, which would require a better statistical sample to show the alleged size 
reduction trend. The palaeogeography of the area is also not favourable for the isola-
tion of a Palaeoloxodon population on the island. During the early Late Pleistocene, 
when this individual was living, the sea strait separating Kephallenía from the main-
land would be less than 8 km wide, a small distance considering the swimming 
capabilities of the elephants. For these reasons, P. cephalonicus is considered herein 
as a junior synonym of P. antiquus.

5  Conclusions

The elephantid fossil record of Greece is known from dental and osteological sam-
ples deriving from about 90 sites throughout the country’s territory (see Appendix) 
and spanning geochronologically from the latest Pliocene to the Late Pleistocene 
(Fig.  13). The best-represented species is Palaeoloxodon antiquus, well known 
from skeletons, cranial, and postcranial material. The genus Mammuthus occurs less 
frequently, but is diverse taxonomically, represented by four species: M. ex gr. rum-
anus, M. meridionalis, M. trogontherii, and M. cf. primigenius. The relative abun-
dance of Palaeoloxodon over Mammuthus during the Middle and Late Pleistocene 
is in accordance with the milder climatic conditions of S. Europe, which favoured 
the temperate species over the cold-adapted ones. Ongoing research in elephantid- 
bearing sites, particularly those of the Megalopolis Basin, is expected to yield addi-
tional data on the morphology and palaeoecology of the family in the SE extremities 
of Europe.
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Fig. 13 Geochronologic chart showing the distributions of the elephantid species that occur in 
Greece and the stratigraphic positions of well-dated Mammuthus- and Palaeoloxodon-bearing 
Greek localities. Geochronologic and magnetostratigraphic subdivisions according to Pillans and 
Gibbard (2012). Mammal biozonation (MNQ zones) according to Guérin (1990). The biochrono-
logic ranges of the Mammuthus species follow the concept introduced by Lister et  al. (2005). 
‘M. p.’ stands for Mammuthus primigenius



380

Acknowledgments S. Roussiakis and G. Lyras (National and Kapodistrian University of Athens), 
G. Konidaris (Eberhard Karls University of Tübingen), and E. Tsoukala (Aristotle University of 
Thessaloniki) are thanked for providing access to fossil samples and for useful discussions on spe-
cies distributions. L.  Bellucci helped with hard-to-find  Italian literature. G.  Konidaris and 
R. Rabinovich reviewed the original manuscript, making significant comments and remarks, which 
essentially improved the content of this chapter.

 Appendix

List of Greek localities with known occurrences of fossil elephants and mammoths (including 
some highly tentative ones), arranged in approximate geochronological order. The cited ages are in 
most cases broadly estimated, based on associated faunas (if any) and the current biostratigraphic 
framework. The taxonomic identification follows the present revision. Locality numbers refer to 
the collection numbers of the PaleoBiology Database (PBDB)

LocalitiesPBDB No

Age (biozone or chronometric 
dating) Taxon

Angítis204391 Late Pleistocene (34–28 ka) Mammuthus cf. 
primigenius1

aPeniós Valley204397 Late Pleistocene (45–30 ka) Palaeoloxodon antiquus2

Kalamákia Cave184245 Late Pleistocene (100–40 ka) Palaeoloxodon antiquus3

Phílippi204747 Late Pleistocene Mammuthus cf. 
primigenius4

Tsákoni204402 Late Pleistocene cf. Palaeoloxodon 
antiquus5

Peniós estuary Late Pleistocene Palaeoloxodon antiquus6

Póros (Kephallenía)204403 early Late Pleistocene (104 ka) Palaeoloxodon antiquus7

bÍssoma204546 late Middle (–Late?) 
Pleistocene

Palaeoloxodon antiquus8, *

Íssoma KYT late Middle (–Late?) 
Pleistocene

Palaeoloxodon antiquus*

Symbolí204807 Middle–Late Pleistocene Palaeoloxodon antiquus9

Xeriás182679 Middle–Late Pleistocene Palaeoloxodon antiquus10

Ravin de l’éléphant204549 Middle–Late Pleistocene cf. Palaeoloxodon 
antiquus4,11,*

Philótas Middle–Late Pleistocene Palaeoloxodon antiquus*

Pétres Middle–Late Pleistocene Palaeoloxodon 
antiquus10,12

Amýntaio204550 Middle–Late Pleistocene Palaeoloxodon antiquus13

Sotíras182678 Middle–Late Pleistocene Palaeoloxodon antiquus10

Néa Kómi204754 Middle–Late Pleistocene Palaeoloxodon antiquus14,*

Perdíkkas204753 Middle–Late Pleistocene Palaeoloxodon 
antiquus10,15

Pentávryssos Middle–Late Pleistocene Elephantidae indet.16, *

Ptolemaís204552 Middle–Late Pleistocene Palaeoloxodon antiquus17

Allatíni Middle–Late Pleistocene ?Palaeoloxodon sp.18

Trílophos204743 Middle–Late Pleistocene ?Palaeoloxodon sp.18

Epanomí204744 Middle–Late Pleistocene ?Palaeoloxodon sp.18
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LocalitiesPBDB No

Age (biozone or chronometric 
dating) Taxon

Petrálona Cave183123 Middle–Late Pleistocene Elephantidae indet.*

Kalonéri182677 Middle–Late Pleistocene Palaeoloxodon antiquus10

cTsotýli Middle–Late Pleistocene Palaeoloxodon antiquus19

Siátista Middle–Late Pleistocene Palaeoloxodon antiquus20

Terpsithéa182680 Middle–Late Pleistocene Palaeoloxodon antiquus10

Mesorráchi Middle–Late Pleistocene Elephantidae indet.21

Chálki Middle–Late Pleistocene Palaeoloxodon antiquus22

Néa Léfki182681 Middle–Late Pleistocene Palaeoloxodon antiquus10

Límni (Euboea) Middle–Late Pleistocene Palaeoloxodon antiquus20

Trichonía Middle–Late Pleistocene Palaeoloxodon antiquus20

Patras204554 Middle–Late Pleistocene Palaeoloxodon antiquus23

Nissí204555 Middle–Late Pleistocene Palaeoloxodon antiquus24,*

Canal of Corinth204553 Middle–Late Pleistocene Palaeoloxodon antiquus23

Roupáki204556 Middle–Late Pleistocene Palaeoloxodon antiquus25

Símiza Middle–Late Pleistocene Palaeoloxodon antiquus*

Kálymnos34770 Middle–Late Pleistocene Palaeoloxodon antiquus26

Apídima Cave C32082 Middle–Late Pleistocene Elephantidae indet.27

Cape Cheládi, Kýthera204298 Middle–Late Pleistocene Palaeoloxodon antiquus28

Alivéri Middle–Late Pleistocene Palaeoloxodon antiquus*

Ambélia (Grevená)204557 late Middle Pleistocene Palaeoloxodon antiquus29

Phílippi204749 Middle Pleistocene Mammuthus trogontherii4

Sotíras182678 Middle Pleistocene Mammuthus 
trogontherii4,18

Lágoura (Néo Kostarázi)204558 Middle Pleistocene Elephantidae indet.30

Tsotýli204751 Middle Pleistocene Mammuthus cf. 
trogontherii4

Megálo Monastíri204560 Middle Pleistocene Elephantidae indet.31

Megalópolis Basin (undefined 
sites)182721

Middle Pleistocene Elephantidae indet.32

Marathoúsa 1187637 Middle Pleistocene (0.48–0.42 
Ma)

Palaeoloxodon antiquus33

Kyparíssia 1194472 Middle Pleistocene Palaeoloxodon antiquus34

Kyparíssia 3194474 Middle Pleistocene Palaeoloxodon antiquus34

Kyparíssia 4194475 Middle Pleistocene Palaeoloxodon antiquus34

dKalývia Karyón Middle Pleistocene Palaeoloxodon antiquus35

eLéfktro Middle Pleistocene Palaeoloxodon antiquus36

Leontári Middle Pleistocene? Elephantidae indet.37

Loussiká204561 early Middle Pleistocene Mammuthus trogontherii38

Polýlakkos early Middle Pleistocene? Mammuthus trogontherii18

Apollonía34784 latest Early Pleistocene 
(MNQ19)

Mammuthus meridionalis39

Kalamotó-1200083 latest Early Pleistocene 
(MNQ19)

Mammuthus meridionalis40

Kalamotó-2200084 latest Early Pleistocene 
(MNQ19)

Mammuthus meridionalis40
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LocalitiesPBDB No

Age (biozone or chronometric 
dating) Taxon

Platanochóri-1204658 latest Early Pleistocene 
(MNQ19)

Elephantidae indet.41

Kapetánios34781 Early Pleistocene (MNQ19) Mammuthus meridionalis42

Libákos34764 Early Pleistocene (MNQ19) Mammuthus meridionalis42

Halykés34782 Early Pleistocene (MNQ19) Elephantidae indet.43

Tsiótra Vrýssi Early Pleistocene 
(MNQ18–19)

Mammuthus meridionalis44

Gerakaroú34617 Early Pleistocene (MNQ18) Mammuthus meridionalis45

Polýlakkos34763 Early Pleistocene (MNQ18?) Mammuthus cf. 
meridionalis43

Sésklo34614 Early Pleistocene (MNQ17) Mammuthus meridionalis44

Vaterá-DS183344 Early Pleistocene (MNQ17) Mammuthus cf. 
meridionalis46

Vaterá-U183346 Early Pleistocene (MNQ17) Mammuthus cf. 
meridionalis46

Symbolí204808 Early Pleistocene Mammuthus 
meridionalis9,*

Phílippi204750 Early Pleistocene Mammuthus meridionalis4

Epanomí204660 Early Pleistocene Mammuthus cf. 
meridionalis47

fKípi204933 Early Pleistocene Mammuthus cf. 
meridionalis48

Peponiá Early Pleistocene Mammuthus meridionalis49

Tsotýli Early Pleistocene Mammuthus meridionalis18

Trapezítsa Early Pleistocene Elephantidae indet.*

Q-Profil34812 Early Pleistocene Mammuthus cf. 
meridionalis43

Ioánnina204740 Early Pleistocene Mammuthus meridionalis50

Giáltra204804 Early Pleistocene Mammuthus meridionalis51

Reghínio204661 Early Pleistocene Mammuthus cf. 
meridionalis52

Zéli Early Pleistocene? Mammuthus sp.*

Lefkóchoma204741 Early Pleistocene Elephantidae indet.53

Vlachiótis204742 Early Pleistocene Mammuthus meridionalis54

Antimáchia207130 Early Pleistocene Mammuthus meridionalis55

Kardámaena204662 Early Pleistocene Mammuthus meridionalis56

Almyrí Early Pleistocene Mammuthus meridionalis56

Límni (Vromonéra)204934 Pleistocene Elephantidae indet.57

Tsotýli204400 late Pliocene Mammuthus ex gr. 
rumanus4,58,*

Kardiá204752 late Pliocene Mammuthus ex gr. 
rumanus4,*

GPTS Geomagnetic Polarity Time Scale, ELMA European Land Mammal Age, MNQ Mammal 
Neogene–Quaternary Zone
aAlso mentioned as ‘Lárissa’ in old publications (e.g., Georgalas 1929; Paraskevaidis 1956)
bAlso appears in the literature under the names ‘Hágios Ioánnis tis Vathiás Choúnis’ (e.g., Bürchner 
1903; Melentis 1961) and ‘Grána tou Skoufou’ (Theodorou 2014)
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cAccording to the sketchy map provided by Melentis (1966b), this locality is rather in the area of 
Kalonéri or Polýlakkos, than Tsotýli
dAlso appears in the literature as ‘Musaklá’ (Bürchner 1903; Melentis 1961)
eReported as ‘Biláli’ in the original publication
fThis locality name is recorded here for the first time, as in the original publication it was referred 
to vaguely as ‘Neápolis area’
*This study
1Koufos (1981), 2Boessneck in Milójčić et al. (1965), Athanassiou (2001, 2011), 3Harvati et al. 
(2013), 4Koulidou (2013), 5Athanassiou (2004), 6Paraskevaidis (1977), 7Theodorou et al. (2018), 
Athanassiou et  al. (2019), 8Melentis (1961, 1963), Theodorou (2014), 9Melentis (1966a), 
10Tsoukala et al. (2011), 11de Bonis et al. (1973), 12Velitzelos and Schneider (1973), 13Kevrekidis 
and Mol (2016), 14Mitzopoulos (1967), 15Poulianos (1986), 16Stratigopoulos (2008), 17Astre (1966), 
18Marinos (1964), 19Melentis (1966b), 20Georgalas (1929), 21reported anonymously in the local 
newspaper ‘Mikrá’, number 305, June 6, (1907), 22Schneider (1968), 23Depéret (1913), 24Agiadi 
and Theodorou (2005), 25Athanassiou (2000), 26Masseti (2006), 27Tsoukala (1999), 28Kuss (1967), 
Athanassiou et al. (2019), 29Tsoukala and Lister (1998), 30Harvati et al. (2008), 31Runnels and van 
Andel (1993), 32Sickenberg (1976), 33Konidaris et  al. (2018), 34Athanassiou (2018), 35Melentis 
(1961, 1963), 36Melentis (1965), 37Mitzopoulos et al. (1862), 38Athanassiou (2012), 39Konidaris 
et al. (2020), 40Tsoukala and Chatzopoulou (2005), 41Konidaris et al. (2015), 42Steensma (1988), 
43Athanassiou (1998), 44Konidaris et al. (2016), 45Athanassiou and Kostopoulos (2001), 46de Vos 
et  al. (2002), 47Athanassiou and Kostopoulos (2010), 48Athanassiou (2006b), 49Hilber (1894), 
50Melentis (1960), 51Psarianos and Thenius (1954), 52Athanassiou (2006a), 53Symeonidis (1970), 
54Symeonidis and Theodorou (1986), 55Forsyth Major (1887), Airaghi (1928), Desio (1931), 
56Desio (1931), Charrier and Giglio (1969), 57Paraskevaidis (1956), 58Kostopoulos and Koulidou 
(2015)
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The Fossil Record of Sea Cows 
(Mammalia: Sirenia) in Greece
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1  Introduction

Sirenians, commonly known as sea cows, are a group of aquatic mammals 
belonging to the order Sirenia. Their name derives from the sirens, the mer-
maids of the Greek mythology. Modern sea cows are large and robust mammals 
that live in shallow, protected, tropical, and subtropical marine, riverine, and 
estuarine environments, and feed preferentially on aquatic angiosperm grasses 
belonging mainly to the families Hydrocharitaceae and Potamogetonaceae 
(Berta et al. 2015; Domning 2001). Extant Sirenia are affiliated to two families, 
Trichechidae and Dugongidae. The three living trichechid species are the West 
Indian manatee (Trichechus manatus), the West African manatee (Trichechus 
senegalensis), and the Amazon manatee (Trichechus inunguis). Dugongidae are 
represented by the living dugong, Dugong dugon, and the extinct Steller’s sea 
cow, Hydrodamalis gigas, which became extinct in 1768 (Forsten and Youngman 
1982). They have a fuselage-shaped body with characteristic downturned snouts, 
their forelimbs have evolved into short and rounded flippers, their hindlimbs 
have been lost and only a vestigial pelvic bone has been maintained (in some 
species it is indicative of sexual dimorphism), and they possess a horizontal tail 
fluke (Berta et al. 2015).
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Another typical feature of Sirenia is the pachyostosis and osteosclerosis that 
their bones present (Domning et de Buffrénil 1991). Pachyostosis is the observed 
increased volume of the bones and osteosclerosis refers to their high density due to 
the absence of cancellous bone tissue cavities. Sirenian ribs are particularly pachyo-
steosclerotic, whereas their lumbar vertebrae possess elongated transverse pro-
cesses to support the body. Pachyostosis and osteosclerosis increase the specific 
weight of the bones forming a kind of ballast that helps the animals to weigh down 
their body weight and dive and in addition maintain neutral or negative buoyancy 
overcoming the buoyant gases that are produced during plant digestion, keeping 
their bodies efficiently stable above the sea bottom to feed with aquatic plants (Uhen 
2007). Moreover, anatomical changes such as the downturned jaws evince their 
adjustment to bottom feeding on the rhizomes or leaves of aquatic plants and mainly 
seagrasses (Domning 1977, 2001; Uhen 2007).

The first sirenians, Prorastomus and Pezosiren, appeared in the fossil record dur-
ing the early to middle Eocene (Berta et al. 2015) possessing anatomical features 
that already indicated aquatic adaptations. Sirenians originated and evolved around 
the coastlines of the former Tethys Ocean, thus their fossil remains are found in 
riverine, estuarine, and shallow marine deposits around a zone from southeast Asia 
to northern Africa, central and southern Europe, the Caribbean, south North 
America, and north South America.

In Greece, until now, Sirenian fossils have been reported only from upper 
Miocene and mainly Tortonian deposits from Crete Island (Svana et  al. 2010). 
Hence, 18 localities with Sirenian remains have been reported from Crete Island 
(see below). Most of the findings consist of scattered and fragmented skeletal ele-
ments, mostly the typical pachyosteosclerotic ribs found in shallow shelf deposits. 
Nevertheless, in a small number of localities more complete findings have been 
recovered, with articulated postcranial elements (Stylos and Trypitos), scattered 
postcranial elements (Panassos 1, Panassos 2, and Ampelouzos), and cranial ele-
ments (Tympana, Kefala, and Panassos 1).

2  Historical Overview

The first report of sirenian findings from Greece came from Symeonidis and Schultz 
(1973) reporting the presence of ribs from shallow shelf deposits at Kotsiana, west-
ern Crete. The next report was published more than 25 years later by Μarkopoulou- 
Diakantoni (2001) mentioning sirenian findings from the locality Machairidi at the 
village Gdochia, close to Ierapetra. In the next decade, the number of localities with 
Sirenian findings on the island of Crete increased drastically mainly by the system-
atic work done by the paleontology laboratory of the Natural History Museum of 
Crete. In 2004, Μarkopoulou-Diakantoni and Logos mentioned the discovery of 
cranial material from two localities, Tympana and Kefala, near Sitia, as well as the 
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existence of one more locality, Mouchli Lakkos from Chania. The same year, Kröger 
(2004) reported in his PhD thesis the presence of sirenian ribs in conglomerate 
deposits south of Vasiliki in the Messara basin. In 2006, Reuter provided data for the 
presence of sirenian remains from two more localities in the Messara basin, 
Apomarma and Vasiliki.

At the same time, Kaliana Svana for her MSc thesis started a systematic work on 
sirenian remains from different localities across Crete that were provided from sys-
tematic fieldwork and excavations of the paleontology laboratory of the Natural 
History Museum of Crete (Svana 2007). During this study, the number of sirenian 
localities was doubled, providing articulated (Stylos and Trypitos) and associated 
(Panassos 1 and 2 and Ampelouzos) skeletal elements (Svana 2007; Svana et al. 
2010). The reported localities expand all over Crete with the localities of Stylos, 
Afrata, and seven additional sites at the locality of Kotsiana in the area of Chania; 
the localities of Panassos 1, Panassos 2, Ampelouzos, and Kefala Gergeri in the 
Messara basin; and finally the locality of Trypitos near Sitia (Svana et al. 2010). One 
more locality, Filippoi, is mentioned in this work again from the Messara basin, 
which came through personal communication with Efterpi Koskeridou (Svana et al. 
2010). Herein, two more localities that have yielded sirenian findings are reported 
for the first time: Arkalies, close to Leukochori at the Messara basin, and Gavdos 
Island. A few months ago, one of the authors (SR) discovered in the old collections 
of the Museum of Paleontology and Geology of the National and Kapodistrian 
University of Athens a few sirenian remains (rib fragments and a tusk) that had been 
collected from the locality of Skineas at Paliki peninsula on Cephalonia Island some 
decades ago by old staff members of the Geology Department; this is also reported 
for the first time herein.

3  Phylogenetic Relationships

Based on anatomical and molecular data, Sirenia have been placed together with 
Proboscidea and Desmostylia, forming the monophyletic group Tethytheria 
(McKenna 1975; Berta et al. 2015; Uhen 2007). They constitute a monophyletic 
group that appeared in the fossil record for the first time during the early Eocene, 
and this monophyly is based on the following synapomorphies (Domning 1994; 
Vélez-Juarbe and Domning 2014): enlarged and retracted nasal bones, premaxillar 
and frontal bones in contact, absence of sagittal crest, laterally compressed symphy-
sis of premaxillae that forms an elongated rostrum, enlarged mastoid processes vis-
ible through the occipital fenestrae, five premolars (the front ones are lost in later 
forms), enlarged tear-shaped ectotympanic bone, and bones that present pachyosto-
sis and osteosclerosis.

The order Sirenia reached its peak diversity during the Miocene (Domning  
et  al. 2010). Four families are currently recognized, namely, Prorastomidae, 
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Protosirenidae, Dugongidae, and Trichechidae. The family Dugongidae comprises 
the most successful and diverse sirenian group and is separated into three subfami-
lies: Halitheriinae (Eocene to Pliocene), Hydrodamalinae (Miocene to eighteenth 
century), and Dugonginae (late Oligocene–today). The most common representa-
tive of the family during the Neogene was the genus Metaxytherium. Metaxytherium 
consists of two stocks, an American and a European one. The European species of 
Metaxytherium consists a monophyletic group which includes Metaxytherium kra-
huletzi (early Miocene–Burdigalian), M. medium (Serravallian–Tortonian), 
Metaxytherium serresii (late Tortonian–early Pliocene), and Metaxytherium sub-
apenninum (Pliocene). These four Metaxytherium species are considered members 
of the same lineage, being different chronospecies, while M. serresii, a small-sized 
Metaxytherium, and M. subapenninum are characterized as Mediterranean endem-
ics (Bianucci et al. 2008; Sorbi et al. 2012). In Europe during the lower Miocene, 
the dugongine species Rytiodus capgrandi and Rytiodus heali were sympatric with 
Metaxytherium (Domning and Sorbi 2011). During the middle and late Miocene, 
the species Metaxytherium crataegense, Metaxytherium floridanum, and 
Metaxytherium arctodites were found in America.

Concerning the sirenian remains that have been found in Greek localities, most 
of the findings, and basically those that could be determined, have been attributed to 
the genus Metaxytherium. More specifically, where cranial elements or more com-
plete articulated or associated skeletal parts have been found it has been possible to 
attribute the material to Metaxytherium medium (Μarkopoulou-Diakantoni and 
Logos 2004; Svana 2007; Svana et al. 2010).

4  Distribution

As mentioned above, until now fossil sirenian remains in Greece had been reported 
only from Crete Island. As seen in Fig. 1 and the information listed in the Appendix, 
the localities where sirenian remains have been found in Crete extend all over the 
island from western to eastern Crete, with the majority of the localities found in the 
southern part of central Crete and more specifically in the Messara plain, in the 
north part of western Crete, and in another small cluster in the north part of eastern 
Crete. A new locality with sirenian remains from Gavdos Island is mentioned for the 
first time herein. These localities indicate that during the Tortonian, shallow shelf 
marine environments rich in marine angiosperms prevailed at these parts of Crete. 
However, another new locality on the Island of Cephalonia reported herein also for 
the first time extends the distribution of the group further north. The actual locality 
is situated close to the village Skineas at Paliki peninsula comprising the first 
 sirenian locality in Greece outside Crete. The age of the sirenian bearing deposits 
from Skineas is late Tortonian (Symeonidis and Schultz 1970; Georgiadou- 
Dikeoulia 1967).
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5  Systematic Paleontology

Sirenia Illiger, 1811
Dugongidae Gray, 1821

Type Genus Dugong Lacépède, 1799.

Halitheriinae (Carus, 1868)
Metaxytherium de Christol, 1840

Type Species Hippopotamus medius (Desmarest, 1822).

Included Taxa Metaxytherium arctodites Aranda-Manteca et  al., 1994; 
Metaxytherium crataegense (Simpson, 1932); Metaxytherium floridanum Hay, 
1922; Metaxytherium krahuletzi Deperet, 1895; Metaxytherium medium (Desmarest, 
1822); Metaxytherium serresii (Gervais, 1847); Deperet 1895; Metaxytherium 
 subapenninum (Bruno, 1839); Metaxytherium albifontanum Velez-Juarbe and 
Domning, 2014.

Fig. 1 Map of Crete, Gavdos, and Cephalonia Islands, showing the Miocene occurrences of fossil 
sea cows (Sirenia). 1, Machairidi; 2, Kotsiana; 3, Kotsiana 7 localities; 4, Stylos; 5, Gavdos Island; 
6, Psalida; 7, Kefala Gergeri; 8, Panassos; 9, Panassos 2; 10, Apomarma; 11, Voulismata; 12, 
Vasiliki 1 and 2 localities; 13, Arkalies; 14, Tympana; 15, Kefala; 16, Tripitos; 17, Afrata; 18, 
Mouchli Lakkos; 19, Filippoi; 20, Skineas (Kefalonia). See Appendix for more information. Image 
exported from Google Earth Pro © 2019. Map data from SIO, NOAA, US Navy, NGA, GEBCO, 
image from Landsat/Copernicus. Additional map data for Cephalonia LDEO-Columbia, NSF. Scale 
bar equals 20 km, north faces upward
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Distribution Late Oligocene of southeastern United States; early–late Miocene of 
North and South America, Caribbean, Portugal, Spain, France, Italy, Malta, 
Switzerland, the Netherlands, Germany, Austria, Hungary, Slovakia, Croatia, 
Greece, Libya, Tunisia, and Turkey; Pliocene of Morocco, Spain, and Italy (Sorbi 
2007; Carone and Domning 2007; Domning et al. 2010; Sorbi et al. 2012; Bianucci 
et  al. 2003; Velez-Juarbe and Domning 2014; Landini et  al. 2005; Šuklje 1938; 
Tekkaya 1973).

Comments In most cases, the Greek findings consist mainly of scattered ribs and 
vertebrae that do not allow identification beyond the generic level (Fig. 2).

Metaxytherium medium (Desmarest, 1822)

Nomenclatural and Taxonomical History Hippopotamus medius in Desmarest 
1822 (new species); Metaxytherium cuvieri in de Christol 1840 (new combination); 
Metaxytherium medium in Hooijer 1952 (new combination and mandatory change 
of the specific epithet).

Type Material MNHN Fs 2706, partial left mandible with M2–3 and roots of the 
M1, Muséum National d’ Histoire Naturelle (p. 388 in Desmarest 1822).

Type Locality Saint-Michel en Chaisine, Maine et Loire, France.

Fig. 2 Two 
Metaxytherium thoracic 
vertebrae from the locality 
of Apomarma, Messara, 
Heraklion (courtesy 
Markus Reuter). The 
diameter of the 1 euro coin 
equals 2.3 cm
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Distribution Besides its type locality, this species is known from the middle to late 
Miocene (Serravalian–Tortonian) of Portugal, Spain, France, Italy, the Netherlands, 
Austria, Hungary, and Slovakia. In Greece, it is known from the late Miocene 
(Tortonian) of Crete Island (southern Greece).

Taxonomic Remarks Metaxytherium medium is a halitheriine species of 
Metaxytherium characterized by the loss of permanent premolars 1–4, the reduced 
supraorbital process of the frontal bone, the separated in the midline nasal bones, 
the wider ventrally supraoccipital bone, the ventrally strong concave horizontal 
mandible ramus, and the exoccipitals that do not meet usually along the midline 
suture above the foramen magnum. Metaxytherium medium differs from M. krahu-
letzi by the fact that its jugal ventral extremity is found ventrally to the orbit; com-
pared to M. serresii it has a deeper supracondylar fossa and a smaller tusk alveolus, 
and compared to M. subapenninum, it differs in the supracondylar fossa, which is 
even shallower or lost, and in the even longer tusk alveolus. Its tusk size is reduced 
compared to M. serresii and M. subapenninum.

Comments on the Greek Material Μarkopoulou-Diakantoni and Logos (2004) 
identified two partial skulls from the localities of Kefala (Fig. 3a) and Timpana 
(Fig. 3b) as Metaxytherium cuvieri, which is currently considered a junior syn-
onym of M. medium. The anterior and posterior parts of the skulls are broken, and 
despite the fact that maxillae are generally preserved, the teeth in both samples are 
broken. The specimen from Kefala is better preserved but not well prepared, 
where the three molars and the fifth deciduous premolar in both toothrows are 
found in place, but they were broken prior to the extraction of the skull from the 
sediment. Cranial material consisting of one well-preserved left tusk (Fig. 3c) has 
been found in the locality of Panassos. The total length of the tooth is 114.5 mm 
and the length of the crown is 23.7 mm. The enamel of the tooth presents typical 
parallel and perpendicular striations from the base of the crown to the apex. The 
short crown is a typical feature of M. medium with respect to the longer tusks of 
M. serresii and M. subapenninum (Bianucci et al. 2008). In most localities, the 
findings consist mainly of scattered pachyosteosclerotic ribs. Nevertheless, in the 
localities Stylos and Trypitos, articulated postcranial elements (Fig. 4) have been 
found, with the Stylos specimen being more complete, preserving the axial skel-
eton articulated with the thoracic and lumbar vertebrae and most of the ribs in 
place—according to information by the local people of Stylos, the skull was also 
in place but removed shortly after its discovery. Also, the localities Panassos 1, 
Panassos 2, and Ampelouzos have provided scattered postcranial elements that 
belong to the same individual consisting mainly of several vertebrae and ribs. The 
ribs present the typical pachyostosis and osteosclerosis of the sirenian ribs, while 
the vertebrae are also characteristic and particularly the lumbar ones with fairly 
elongated and thick lateral apophyses (Fig. 5).
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Fig. 3 Cranial remains of the sirenian Metaxytherium medium from the Tortonian of Crete Island 
and Cephalonia Island, Greece. (a) The partial skull from Kefala (ventral view), (b) the partial 
skull from Tympana (ventral view), (c) the left tusk from Panassos (lateral view), and (d) the crown 
of the tusk from Skineas, Cephalonia Island (lateral view). Scale bars equal 5 cm

G. Iliopoulos et al.



401

Fig. 4 Postcranial remains of the sirenian Metaxytherium medium from the Tortonian of Crete 
Island. (a) The articulated postcranial skeleton from Stylos with vertebrae and ribs in place. (b) 
The partly articulated postcranial skeleton from Trypitos, Sitia, with articulated thoracic vertebrae 
and ribs. (c) Scattered ribs (most common findings) from Kotsiana
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 Appendix

List of the Greek localities containing sea cow fossils. Locality numbers refer to the collection 
numbers of the PaleoBiology Database (PBDB)

LocalitiesPBDB No Age Taxon

Machairidi Gdochia, Lassithi204401 Late Tortonian, Miocene Metaxytherium sp.1

Kotsiana, Chania110125 Tortonian, Miocene Metaxytherium sp.2,3

Kotsiana 7 further sites, Chania204403 Tortonian, Miocene Metaxytherium sp.3

Stylos, Chania110123 Tortonian, Miocene Metaxytherium medium3

Gavdos, Chania** Tortonian, Miocene Metaxytherium medium*

Psalida, Heraklion110130 Tortonian, Miocene Metaxytherium sp.4

Kefala Gergeri, Heraklion110127 Tortonian, Miocene Metaxytherium sp.3

Panassos, Heraklion106474 Tortonian, Miocene Metaxytherium medium3

Panassos 2, Heraklion106474 Tortonian, Miocene Metaxytherium medium3

Apomarma, Heraklion110131 Tortonian, Miocene Metaxytherium sp.4

Voulismata Ampelouzos, Heraklion110126 Tortonian, Miocene Metaxytherium sp.3

Vasiliki 1, Heraklion110132 Tortonian, Miocene Metaxytherium sp.4

Vasiliki 2, Heraklion110132 Tortonian, Miocene Metaxytherium sp.5

Arkalies Leukochori, Heraklion Tortonian, Miocene Metaxytherium sp.*

Timpana, Lassithi110174 Tortonian, Miocene Metaxytherium medium6

Kefala, Lassithi110175 Tortonian, Miocene Metaxytherium medium6

Fig. 5 Lumbar vertebra of the sirenian Metaxytherium medium from the Tortonian locality of 
Panassos. Scale bar equals 5 cm
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LocalitiesPBDB No Age Taxon

Tripitos, Lassithi110128 Tortonian, Miocene Metaxytherium medium3

Afrata, Chania110124 Miocene Metaxytherium sp.3

Mouchli Lakkos, Chania204042 Miocene Metaxytherium sp.6

Filippoi, Heraklion Miocene Metaxytherium sp.***

Skineas, Cephalonia Late Tortonian, Miocene Metaxytherium cf. medium*

*New locality reported herein
**A. Alexopoulos, personal communication
***E. Koskeridou, personal communication
1Μarkopoulou-Diakantoni (2001), 2Symeonidis and Schultz (1973), 3Svana et al. (2010), 4Reuter 
(2006), 5Kröger (2004), 6Μarkopoulou-Diakantoni and Logos (2004)
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1  Introduction

Rodents are today one of the most successful and diverse mammalian orders, since 
they include almost half of the modern placental species (2277 species), occupying 
almost all habitats worldwide except for Antarctica (Wilson and Reeder 2005; 
Macdonald 2009). The order is characterized by the presence of one pair of large, 
sharp and ever-growing incisors on each of the upper and lower jaw, used for gnaw-
ing, followed by a diastema, a reduced number of premolars (if any) and usually 
three molars. Together with the order Lagomorpha, they form the clade Glires, 
based on various morphological similarities, the main of which is the presence of 
large ever-growing incisors on both jaws with enamel only on their buccal side 
(Meng and Wyss 2005). Rodents are separated from lagomorphs by several cranial 
and postcranial features, the most essential being the presence in the latter of a sec-
ond pair of incisors.

The sampling of rodent fossils differs greatly from that of large animals, as in 
their vast majority the fossils are isolated skeletal and dental elements inside lacus-
trine, karstic, fluvial deposits that cannot be distinguished by the naked eye. The 
elaborate procedure includes sampling of large quantities of sediments, screen- 
washing and sieving followed by picking under a stereoscopic microscope. The 
isolated bones are generally not diagnostic, in contrast with the dental elements, 
which, due to the specialization of each rodent species in its food, are highly 
diagnostic.
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The fairly rapid evolution of many rodent groups, mainly based on the short life- 
span of the individuals, combined with the strong habitat and dietary preference 
(observed in extant rodent species and presumed for their extinct relatives), leads to 
the use of fossil rodents for biostratigraphy and also palaeoenvironmental and pal-
aeoclimatic reconstructions. The high-quality taxonomic framework is thus needed 
and can be used as a valuable tool in many aspects of the geological and biological 
research.

The Greek rodent fossil record, which starts from the late Oligocene, is reason-
ably complete, mainly during the late Miocene, due to the large number of locali-
ties. However, there are only a very few areas where the temporal sequence of 
rodent faunas can be followed (e.g., the Ptolemais Basin in North Greece); it is thus 
difficult to reconstruct local rodent evolution and presume migration events.

The sequence of rodent families in the text follows McKenna and Bell (1997) 
though subfamilies and genera are roughly in chronological order. Fossil Greek 
occurrences of taxa surviving today are not treated separately and take part of the 
more general genus remarks. Taxa originally described from Greece are marked 
with a star.

2  Historical Overview

The first Greek rodent fossil remains were reported in the nineteenth century, by 
Wagner (1848, 1857), Roth and Wagner (1854), Gaudry (1862–1867) and Gaudry 
and Lartet (1856), from the Upper Miocene locality Pikermi (Attica); all above 
authors referred to the presence of Hystrix primigenia remains (some under other 
species names; see paragraph 5.8). Later, in the first quarter of the twentieth century, 
late Miocene murids from the island of Samos were added to the Greek rodent fossil 
record by Schaub (1926). It was only in the 1960s that Greek researchers started 
reporting the presence of rodent fossils in various localities (Melentis 1966, 1967; 
Melentis and Schneider 1966).

The studies significantly increased in the 1970s and, mostly, in the 1980s, mainly 
due to the Dutch–Greek collaboration among the Faculty of Earth Sciences of the 
University of Utrecht, the Geology Department of the University of Athens and the 
Greek Institute of Geology and Mineral Exploration. This collaboration led to the 
description of rich Neogene rodent assemblages including several new rodent spe-
cies from Maritsa 1 (Rhodes Island), Aliveri (Evia Island) and Attica (localities 
Biodrak, Pikermi, Tourkobounia) (e.g., de Bruijn et al. 1970, 1980, 1987; de Bruijn 
and van der Meulen 1975; de Bruijn 1976; van der Meulen and de Bruijn 1982; 
Klein Hofmeijer and de Bruijn 1985, 1988; Alvarez-Sierra et al. 1987). In the fol-
lowing years, the intense sampling at various Neogene localities (of various ages) in 
the Ptolemais and Strimon Basins (Macedonia, North Greece) by large teams from 
the Universities of Utrecht and Athens (and Mainz at Strimon Basin) resulted in 
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publications of huge importance for the knowledge of the Neogene rodent faunas 
and the understanding of their evolution in south-east Europe (e.g., van de Weerd 
1979; de Bruijn and van der Meulen 1979; Bouwens and de Bruijn 1986; de Bruijn 
1989, 1995; Theocharopoulos 1991; Daxner-Höck 1992, 1995; Storch and 
Dahlmann 1995; Hordijk and de Bruijn 2009).

Since the 1990s and until today, studies carried out in the Greek Geology 
Departments of the Universities of Athens, Thessaloniki and Patras have led to the 
discovery of more Neogene and also Quaternary rodent remains (e.g., Koliadimou 
and Koufos 1991; Syrides and Koliadimou 1994; Koliadimou 1996; Athanassiou 
1998; Doukas and Theocharopoulos 1999; Theocharopoulos 2000; Koufos et  al. 
2001; Sylvestrou 2002; Vasileiadou et al. 2003, 2012; Tsoukala and Chatzopoulou 
2005; Tsoukala et  al. 2006; Sylvestrou and Kostopoulos 2007; Vasileiadou and 
Sylvestrou 2009; Chatzopoulou 2014; Skandalos 2017; Konidaris et  al. 2018; 
Doukas et al. 2018; Kokotini et al. 2019).

The study of the rich Greek Neogene fossil rodent material over the past almost 
two centuries has led to the creation of one sciurid Aliveria and seven murid new 
genera, Heramys, Byzantinia, Karydomys, Hypsocricetus, Parapodemus, 
Hansdebruijnia and Kalymnomys, as well as 53 new species,  four glirids,  seven 
sciurids, 41 murids and one hystricid, and one new subspecies, the murid 
Rhagapodemus frequens athensis.

3  Phylogenetic Relationships

The monophyly, divergence dates and the phylogenetic relationships of rodents 
with other orders, as well as relationships among the order’s clades, have been mat-
ters of long-lasting debates (see Meng and Wyss 2005 for a brief summary). In 
general, morphological data mostly support the monophyly of the order, but molec-
ular data indicate both monophyly and paraphyly; the monophyly of the rodentia is, 
however, in general more commonly accepted (see Blanga-Kanfi et al. 2009; Ryu 
et al. 2013 and references therein). The oldest rodent fossils seem to come from the 
late Paleocene (57 Ma) of N America (Meng and Wyss 2005). However, several 
studies based on molecular data place the divergence date for rodents much earlier, 
e.g., 109–112 Ma or at around 75 Ma (Adkins et al. 2001; Meng and Wyss 2005 and 
references therein).

Traditionally, rodents were divided into three suborders, Sciuromorpha, 
Myomorpha and Hystricomorpha, based on the position of the masticatory muscles 
(masseters); however more recent works divide rodents into two suborders, 
Sciurognathi and Hystricognathi, based on the position of the incisors and the angle 
of the jaw (Blanga-Kanfi et  al. 2009; Macdonald 2009). The monophyly of 
Hystricognathi is well established, but that of Sciurognathi as well as the phyloge-
netic relationships between the two suborders have been debated by many 
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taxonomists and molecular biologists (Blanga-Kanfi et al. 2009). The most recent 
works on rodent classification, based on both morphological and molecular data, 
accept the division of rodents in five suborders, Sciuromorpha, Castorimorpha, 
Myomorpha, Anomaluromorpha and Hystricomorpha; reports based on mitochon-
drial and/or nuclear genes support the monophyly of these suborders, but phyloge-
netic relationships among them are still unclear (Ryu et  al. 2013 and references 
therein).

4  Distribution

Rodent fossil remains have been recovered from 108 Upper Oligocene to Upper 
Pleistocene localities in Greece (and 1 sub-recent locality): 39 are correlated with 
the Pleistocene, 22 with the Pliocene, four with the Miocene/Pliocene boundary, 42 
with the Miocene and one with the Upper Oligocene. 53 of the localities are located 
in North Greece, 12 in Attica, six in Central Greece, 10 in Peloponnese and 28 in 
insular Greece (Kos, Naxos, Chios, Kalymnos, Evia, Rhodes, Karpathos, Samos, 
Crete and Lesvos). The fact that their vast majority can be found in North Greece 
clearly has to do with the geographical and temporal distribution of the fossiliferous 
sediments in Greece (Fig. 1 and Appendix).

The only Upper Oligocene locality in Greece is Kyprinos, in Thrace (N Greece), 
which has yielded five rodent species (Doukas and Theocharopoulos 1999). Aliveri 
(Evia Island) and Karydia (Thrace, N Greece) are the most diverse Lower Miocene 
(MN4) localities, with 21 (de Bruijn et  al. 1980; van der Meulen and de Bruijn 
1982; Klein Hofmeijer and de Bruijn 1985; Ziegler and Fahlbusch 1986; de Bruijn 
et al. 1987; Alvarez-Sierra et al. 1987; Klein Hofmeijer and de Bruijn 1988; Ünay 
1994; Theocharopoulos 2000) and 24 rodent species (Wessels 2020 personal com-
munication), respectively, whereas Thymiana A in Chios Island is the most diverse 
middle Miocene (MN5) locality with 10 rodent species (de Bonis et  al. 1997; 
López-Antoñanzas et al. 2005). The best known Upper Miocene (MN13) localities 
are Maritsa 1 (Rhodes Island) with 15 (de Bruijn et al. 1970; de Bruijn and van der 
Meulen 1975; Şen 1977; Şen et al. 1989) and Lava 2 (N Greece) with 10 rodent 
species (de Bruijn et al. 1999), whereas Maramena (N Greece) is the most diverse 
locality correlated with the Turolian/Ruscinian (MN13/14) boundary with 20 rodent 
species (Schmidt-Kittler et al. 1995). The most diverse Lower Pleistocene locality, 
Rema Voulgarakis (MNQ20; N Greece), has revealed 12 rodent species (Koliadimou 
1996), and the most diverse Middle Pleistocene one, Latomi 1 (Chios Island), pro-
vided 18 species (Storch 1975). The best known Upper Pleistocene localities are 
Loutra Almopias Cave LAC and LAC Ia, with 17 and 15 species, respectively 
(Chatzopoulou 2014), as well as that of Arnissa with 16 species (Mayhew 1978), all 
three of them in North Greece.
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Fig. 1 Map of Greece showing the geographic distribution of the most important localities 
with rodent fossils. 1, Pili; 2, Loutra Almopias Cave; 3, Kitseli Pothole; 4, Trypiti; 5, Dimitra 2; 6, 
Arnissa; 7, Petralona Cave; 8, Latomi 1; 9, Varkiza localities; 10, Marathousa localities; 11, 
Choremi localities; 12, Volos; 13, Kalamoto-1; 14, Apollonia-1; 15, Ravin Voulgarakis; 16, Zeli 
localities; 17, Alikes; 18, Kalymnos-Xi; 19, Marathoussa; 20, Tourkobounia localities; 21, Kaiafas; 
22, Pyrgos; 23, Lagkada; 24, Kastoria 1 and 2; 25, Gerakarou 1; 26, Kardamena; 27, Thoknia; 28, 
Sesklo; 29, Yialtra; 30, Karnezeika; 31, Rema Aslan; 32, Damatria; 33, Archipolis; 34, Milia-5; 35, 
Limni localities; 36, Notio localities; 37, Spilia localities; 38, Komanos localities; 39, Megalo 
Emvolon; 40, Apolakkia; 41, Kato Afiartis; 42, Makrygialos; 43, Vorio, Ptolemais, and Kardia 
localities; 44, Tomea Eksi localities; 45, Nea Silata; 46, Maramena; 47, Ano Metochi localities; 48, 
Kessani 1 and 2; 49, Prosilion–Mercurion; 50, Monasteri; 51, Paliambela localities; 52, Lava 2; 53, 
Dytiko localities; 54, Maritsa 1; 55, Chalkoutsi; 56, Kalithies; 57, Alifakas; 58, Rema Marmara; 
59, Halmyropotamos; 60, Pikermi; 61, Chomateri; 62, various localities in Mytilinii basin, Samos 
Island; 63, Vathylakkos-3; 64, Ravin des Zouaves 5; 65, Lefkon; 66, Biodrak; 67, Ravin de la 
Pluie; 68, Kastellios localities; 69, Plakias; 70, Katheni; 71, Chryssavgi 1; 72, Rema Patsiaris; 73, 
Thymiana localities; 74, Antonios; 75, Komotini; 76, Moschopotamos; 77, Karydia; 78, Aliveri; 
79, Lapsarna; 80, Kyrpinos. See Appendix for more information. (Image exported from Google 
Earth Pro © 2019, map data from US Dept. of State Geographer, SIO, NOAA, U.S. Navy, NGA, 
GEBCO, image from Landsat/Copernicus. Scale bar equals 80 km, North faces upwards)
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5  Systematic Paleontology

Rodentia Bowdich, 1821

 Family Sciuridae Fischer de Waldheim, 1817

Type Genus Sciurus Linnaeus, 1758.

Remarks Remains of Sciuridae indet. have been listed in the faunal lists for 
Komotini (de Bruijn and van der Meulen 1979), Thymiana C (de Bonis et al. 1997) 
and Tourkobounia 3 and 5 (Reumer and Doukas 1985), but without any details.

 Subfamily Sciurinae Hemprich, 1820

Tribe Pteromyini Brandt, 1855

Type Genus Pteromys Cuvier, 1800.

Remarks The flying squirrels used to be grouped in the Sciuridae subfamily 
Petauristinae Simpson, 1945, but are now classified in the tribe Pteromyini within 
the subfamily Sciurinae (Macdonald, 2009). Daams and van de Weerd (1980) 
reported the presence in the early Ruscinian fauna from Agios Ioannis (Karpathos 
Island) of one fragmented left D4 with a large metaconule and a small metacone, 
which they assigned to Petauristinae gen. et sp. indet. (now Pteromyini indet.).

Aliveria de Bruijn, van der Meulen and Katsikatsos, 1980

Type Species A. brinkerinki de Bruijn, van der Meulen and Katsikatsos, 1980.

Other Taxa Included A. luteyni de Bruijn, van der Meulen and Katsikatsos, 1980.

Distribution Early Miocene of Greece, Serbia and Turkey.

★Aliveria brinkerinki de Bruijn, van der Meulen and Katsikatsos, 1980

Type Material Right m1, no. 171(holotype) (de Bruijn et al. 1980: Pl. 1.8).

Type Locality Aliveri, Greece, Lower Miocene [MN4].

Distribution Early Miocene of Greece and Serbia (Sibnica 4).

Occurrences in Greece Aliveri and Moschopotamos.
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Remarks De Bruijn et al. (1980) created the species based on material from Aliveri 
(Fig. 2a–f) consisting of two d4, nine p4, five m1, seven m2, four m3, five D4, two 
P4, 11 M1/2 and two M3 (including the holotype). The diagnosis mentions that this 
is a medium-sized flying squirrel with estimated p4–m3 length of 9.4 mm, charac-
terized by the presence of small protoconule and metaconule and distinct mesostyle 
on the M1–2, a large round anteroconid connected with the protoconid and the 
metaconid and small mesoconid and mesostylid on the m1–2, whereas the unworn 
lower molars show a peculiar pit labially to the entoconid (de Bruijn et al. 1980). 
Benda and Steffens (1981) reported the presence in the locality Moschopotamos of 
one M3 of A. cf. brinkerinki, which is a little larger than the M3 from Aliveri.

★Aliveria luteyni de Bruijn, van der Meulen and Katsikatsos, 1980

Type Material Left m1, no. 253 (holotype) (de Bruijn et al. 1980: Pl. 2.7).

Type Locality Aliveri, Greece, Lower Miocene [MN4].

Distribution Early Miocene of Greece and Turkey, plus a doubtful presence in 
Serbia (A. aff. luteyni in Sibnica 1, 2, 4).

Occurrences in Greece Aliveri and Karydia.

Remarks This species is smaller than A. brinkerinki, with estimated p4–m3 length 
of 7.6 mm (de Bruijn et al. 1980). According to the diagnosis, A. luteyni is character-
ized by a small or absent protoconule, an elongate or double metaconule and a small 
but distinct mesostyle, often connected to the paracone on the M1–2, and an antero-
conid incorporated within the anterolophid, a large mesoconid and a small or absent 
mesostylid on the m1–2 (de Bruijn et al. 1980). The type locality has yielded one 
d4, six p4, six m1, five m2, four m3, one D4, three P4, 16 M1/2 and five M3 (includ-
ing the holotype; (Fig. 2g–l). The species has also been found in Karydia, as reported 
in the faunal list for the locality by Theocharopoulos (2000) and verified in the most 
recent review of the material (Wessels 2020 personal comminication), but there is 
no additional information published.

Pliopetaurista Kretzoi, 1962

Type Species Sciuropterus pliocaenicus Depéret, 1890.

Other Taxa Included P. dehneli Sulimski, 1964; P. bressana Mein, 1970; P. meini 
Black and Kowalski, 1974; P. rugosa Qiu, 1990; P. raui Dahlmann, 2001; P. koll-
manni Daxner-Höck, 2004; P. speciosa Qiu and Ni, 2006.

Distribution Late Miocene–Early Pleistocene of Europe and Asia.
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Fig. 2 Aliveria brinkerinki from Aliveri (type locality). a M1, b M1/2, c M3, d m1 (holotype), e 
m2, f m3. Aliveria luteyni from Aliveri (type locality). g M1/2, h M1/2, i M3, j m1 (holotype), k 
m2, l m3. Images courtesy of H. de Bruijn. All specimens figured as left; d and g are reversed. 
Scale bar equals 1 mm
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Remarks Pliopetaurista sp. is reported in the faunal list from Lava 2 by de Bruijn 
et al. (1999), without description or further information on the material, except that 
the teeth are larger than those of P. dehneli.

Pliopetaurista bressana Mein, 1970

Type Material Right M1/2, F.S.L. 65438 (holotype) (Mein 1970: Fig. 49).

Type Locality Soblay, France, Upper Miocene [MN10].

Distribution Late Miocene of Europe and Turkey.

Occurrences in Greece Lefkon.

Remarks This species is diagnosed by the absence of a mesostylar crest from the 
upper molars, the presence of an anteroconid on the p4 and of an anterosinusid on 
the lower molars and the not very long m3 (Mein 1970). Mein (1970) mentioned in 
his diagnosis that this is the oldest and smallest Pliopetaurista species; however, 
after the publication of this species, even smaller and older species have been named 
(i.e., P. meini, P. raui and P. kollmanni). The species is present in the faunal list of 
the latest Vallesian fauna of Lefkon (de Bruijn 1989), but without further information.

Pliopetaurista dehneli (Sulimski, 1964)

Nomenclatural and Taxonomical History Pliosciuropterus dehneli in Sulimski 
1964 (new species); Pliopetaurista dehneli in Mein 1970 (new combination). 
P. schaubi (Sulimski, 1964) is considered a junior synonym by de Bruijn (1995).

Type Material Fragment of a right upper jaw with P4–M1 and the alveoli of P3 
and M2, No. VM/I–l (holotype), Institute of Palaeozoology of the Polish Academy 
of Sciences in Warsaw (Sulimski 1964: Pl. IV.8).

Type Locality Węże 2, Poland, Pliocene [MN15–16].

Distribution Late Miocene–Pliocene of Europe and Turkey.

Occurrences in Greece Kessani-2, Kessani-1, Ano Metochi  2, Maramena, Nea 
Silata, Komanos 1 high A and B, and Vorio 3 and 3A.

Remarks According to the diagnosis by Sulimski (1964), the characteristics of the 
species are the metastylid of the p4–m2 is small and connected with the metaconid, 
the central field of the p4–m2 crown bears weak proto- and hypolophid, the p4 has 
three roots, the talonid of the m3 is tapering posteriorly, the mental foramen is large 
and situated just in front of the anterior root of the p4, the lower masseteric crest is 
high and sharp, the P4–M2 show open posterior re-entrant folds (the post-metacone 
flexus, the posteromedial diagonal flexus and the postero-lingual diagonal flexus) 
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and the M3 lacks a metaloph. The species of Pliopetaurista differ also in the size of 
their dental elements; the size of the teeth of P. dehneli is intermediate between that 
of P. bressana and P. pliocaenica (largest species reported until now).

P. dehneli has been found in many Greek localities. Maramena has yielded the 
richest material, consisting of 10 d4, 12 p4, 32 m1/2, 15 m3, 14 D4, 17 P4, 37 M1/2 
and 15 M3 (de Bruijn 1995). Nea Silata has only yielded one fragmented M1/2, but 
its morphology and size agree well with this species (Vasileiadou et  al. 2003). 
Material from Kessani includes one d4, two m1/2, one m3, one P4, one M1/2 and 
one M3 (Vasileiadou et al. 2012). The species is also present in Komanos 1 high A 
and B with one fragmented m3 and in Vorio 3 and 3A with one fragmented M1/2 
and one m3 (Hordijk and de Bruijn 2009). Finally, the species is in the faunal list for 
Ano Metochi 2 (de Bruijn 1989), but with no information on the material.

Miopetaurista Kretzoi, 1962

Type Species Sciurus gibberosus Hofmann, 1893.

Other Taxa Included M. lappi (Mein, 1958); M. gaillardi (Mein, 1970); 
M. neogrivensis (Mein, 1970); M. crusafonti (Mein, 1970); M. thaleri (Mein, 1970); 
M. diescalidus Daams, 1977; M. dehmi de Bruijn, van der Meulen and Katsikatsos, 
1980; M. asiatica Qiu, 2002.

Distribution Early Miocene–Pliocene of Europe and Asia.

Miopetaurista dehmi de Bruijn, van der Meulen and Katsikatsos, 1980

Type Material Left m1, no. 10997 (1937 II) (holotype) (Dehm 1950: Fig. 36).

Type Locality Wintershof West, Germany, Lower Miocene [MN3].

Distribution Early–middle Miocene of Europe.

Occurrences in Greece Aliveri and Karydia.

Remarks This is a small Miopetaurista species, of which the p4–m3 length is 
10.4 mm (de Bruijn et al. 1980). The diagnostic features are the following: the P4 is 
slightly longer but narrower than the M1–2, the parastyle of the P4 is unicuspulate, 
the mesostyle is absent from the P4 and M3 and forms a tiny ridge on the M1–2, a 
small extra loph is present behind the protoloph on all upper cheek teeth and the 
mesostylid is well surrounded in all lower cheek teeth (de Bruijn et al. 1980). The 
dental elements of this species are almost identical with those of M. lappi, but they 
are much smaller (de Bruijn et al. 1980). M. dehmi has been found in Aliveri, repre-
sented only by two p4 (de Bruijn et al. 1980). It also appears in the most recent 
faunal list for Karydia (Wessels 2020 personal communication).
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Miopetaurista thaleri (Mein, 1970)

Nomenclatural and Taxonomical History Cryptopterus thaleri in Mein 1970 
(new species); Miopetaurista thaleri in Daxner-Höck and Mein 1975 (new combi-
nation). Cryptopterus tobieni Mein, 1970 is considered a junior synonym by de 
Bruijn (1995).

Type Material Partial left maxilla with P4–M3, M.n.P. 1922–1 (holotype) (Mein 
1970: Fig. 35).

Type Locality Marnes de Celleneuve, France, Lower Pliocene [MN14].

Occurrences in Greece Maramena.

Distribution Late Miocene–early Pliocene of France, Poland, Slovakia and Greece.

Remarks The species has very large dental elements, and their diagnostic features 
are the following: the abrupt decrease in height of the endoloph in contact with the 
posteroloph, the simple parastyle on the P4, the gradually weaker mesostyle from 
the P4 to the M3, the presence of a lophule on the anterior face of the protoloph and 
the relatively high average portion of the posteroloph (Mein 1970). The Greek local-
ity Maramena has revealed a poor collection of one p4, one m1, one m2, one m3 and 
two M1/2 assigned to this species; the two upper molars seem to belong to the same 
individual and the lower teeth to a second one (de Bruijn 1995).

Blackia Mein, 1970

Type Species Blackia miocaenica Mein, 1970.

Other Taxa Included [according to Marković et al. (2016)] B. polonica Black and 
Kowalski, 1974; B. ulmensis Werner, 1994.

Distribution Late Oligocene–late Pliocene of Europe and Asia.

Remarks de Bruijn et al. (2012) reported the presence of a single m2 in Plakias, 
which they identified as cf. Blackia sp. – the specimen had been previously described 
as Forsythia? sp. by de Bruijn and Meulenkamp (1972).

Blackia miocaenica Mein, 1970

Taxonomical History B. wölfersheimensis Mein, 1970 and B. parvula Baudelot, 
1972 are junior synonyms, according to Dahlmann (2001) and Engesser (1972), 
respectively.

Type Material Left P4, F.S.L. 65463 (holotype) (Mein 1970: Fig. 72).
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Type Locality La Grive L7, France, middle Miocene [MN7/8].

Distribution Early Miocene (MN4)–Pliocene (MN15) of Europe.

Occurrences in Greece Aliveri, Karydia and Lava 2.

Remarks The diagnosis of the species by Mein (1970) mentions (translated from 
French): “The triangular P4 has a narrow internal border, convergent lophs, a 
strong parastyle and a very prominent protocone; the upper molars show a meta-
cone as high as the paracone; the internal wall decreases strongly at the front and 
rear of the protocone; the lower molars have an antero–external cingulum and an 
anterosinusid”. The general morphology of the dental elements remained virtually 
unchanged during the long existence of this species, and apparently this leads to its 
synonymies with other Blackia species. De Bruijn et al. (1980) assigned to this spe-
cies a collection of dental elements from Aliveri: five d4, one p4, five m1, four m2, 
two D4, one P4, seven M1/2 and two M3. Theocharopoulos (2000) listed the species 
in the faunal list for Karydia and after a review of the material, Wessels (2020 per-
sonal communication) verified its presence, but no details on the material have been 
published yet. De Bruijn et al. (1999) included B. miocaenica (as B. wölfersheimen-
sis) in the faunal list for the locality Lava 2, without description and details on the 
material.

Hylopetes Thomas, 1908
(= Pliopetes Kretzoi, 1959, according to Bouwens and de Bruijn 1986)

Type Species Sciuropterus everetti Thomas, 1908.

Other Taxa Included The genus Hylopetes currently includes 10 extant species of 
flying squirrels, all restricted in Asia (Macdonald 2009). The extinct species of 
Hylopetes include (according to Bosma et al. 2013) H. hungaricus (Kretzoi, 1959); 
H. macedoniensis Bouwens and de Bruijn, 1986; H. auctor Qiu, 1991; H. höckarum 
de Bruijn, 1998; H. debruijni Mein and Ginsburg, 2002; H. magistri Reumer and 
van den Hoek Ostende, 2003.

Distribution Early Miocene–present of Europe and Asia.

Remarks Hylopetes is usually poorly represented in fossil localities, a fact that 
hampers specific identification. Van de Weerd (1979) identified one P4 and one M1 
from the early Ruscinian fauna of Ptolemais 1 as Hylopetes sp. Furthermore, de 
Bruijn (1989) mentions the presence of Hylopetes sp. in the Turolian/Ruscinian 
fauna from Monasteri, without giving information on the material. Finally, de Bruijn 
et al. (2012) described one D4 and one M3 from the early Vallesian fauna of Plakias 
as cf. Hylopetes sp.
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Hylopetes hungaricus (Kretzoi, 1959)

Nomenclatural and Taxonomical history Pliopetes hungaricus in Kretzoi 1959 
(new species); Hylopetes hungaricus in Bouwens and de Bruijn 1986 (new 
combination).

Type Material Left m2, Csarnóta 2/13(holotype) (Kretzoi 1962: Pl. 3.1, desig-
nated by van de Weerd 1979:132).

Type Locality Csarnóta 2, Hungary, Lower Pliocene [Ruscinian (MN15)].

Distribution Late Miocene–Pliocene of Europe and Turkey.

Occurrences in Greece Lava 2.

Remarks Kretzoi (1959) created a new genus (Pliopetes) with P. hungaricus as its 
type species based on about 30 molars, but without giving detailed descriptions, 
without designating a holotype or figuring any elements; he mentioned that the 
molars seem to be identical at first sight to the extant species and the lower molars 
have a rhombic shape, two roots and wrinkled enamel reminiscent of Hylopetes. 
Later, he figured a series of dental elements from the type locality of the species 
(Kretzoi 1962:Pl. 3.1–3), but van de Weerd (1979:132) and later Bouwens and de 
Bruijn (1986:118) verified that the figured M1 (Kretzoi 1962:Pl. 3.3) belongs to 
Blackia and the figured m2 and m3 (Kretzoi 1962: Pl. 3.1–2) belong to a species 
very similar to extant Hylopetes. Van de Weerd (1979:132) mentioned that “there 
seems to be little reason to maintain the generic name Pliopetes … as the difference 
between Hylopetes and Pliopetes is slight”. Bouwens and de Bruijn (1986) synony-
mized the two genera and included the type species of Pliopetes, P. hungaricus, to 
Hylopetes. De Bruijn et al. (1999) included H. cf. hungaricus in the faunal list for 
Lava 2. Later, Bosma et al. (2013) mentioned that the Lava 2 material constitutes of 
only one “little worn right P4 (length 1.42, width 1.47)”.

★Hylopetes macedoniensis Bouwens and de Bruijn, 1986

Type Material Right M1–2, no 1651 (holotype) (Bouwens and de Bruijn 1986: 
Pl. 3.2).

Type Locality Maramena, Greece, Miocene/Pliocene [Turolian/Ruscinian bound-
ary (MN13/14)].

Distribution Late Miocene/Pliocene of Greece and Turkey, possible presence in 
Moldova (H. cf. macedoniensis, Nicoara 2011).

Occurrences in Greece Maramena.
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Remarks This is a small Hylopetes species, the diagnosis of which includes the 
following features: the enamel of unworn cheek teeth is not much sculptured, the 
four-rooted lower molars bear a deep notch between the entoconid and the meso-
stylid, as well as a low and narrow anterolophid is not connected to the protoconid 
and not extended to the antero-labial cingulum (Bouwens and de Bruijn 1986). 
After the establishment of the species, more material was found in the type locality 
Maramena (Fig. 3), which now includes 11 d4, eight p4, 33 m1–2, 10 m3, 11 D4, 
five P4, 30 M1–2 and 10 M3, making this the richest fossil Hylopetes collection up 
to now (de Bruijn 1995). The species dental elements are very similar metrically 
and morphologically to those of the extant H. sagitta, apart from minor details 
(Bouwens and de Bruijn 1986).

Tribe Sciurini Fischer de Waldheim, 1817

Type Genus Sciurus Linnaeus, 1758.

Palaeosciurus Pomel, 1853

Type Species Sciurus (Palaeosciurus) feignouxi Pomel, 1853.

Other Taxa Included [according to Bosma et al. (2019)] P. fissurae (Dehm, 1950); 
P. goti Vianey-Liaud, 1974; P. sutteri Ziegler and Fahlbusch, 1986; P. ultimus Mein 
and Ginsburg, 2002 [Fejfar and Kaiser (2005) mentioned the presence of 

Fig. 3 Hylopetes macedoniensis from Maramena (type locality). a M1/2, b M1/2, c M3, d ml, e 
m2, f m3. Images courtesy of H. de Bruijn. All specimens figured as left; b, c, f are reversed. Scale 
bar equals 1 mm
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Palaeosciurus nov. sp. in the Oligocene Doupov Mountains, in northwest Bohemia, 
but have not yet officially named the species or given any details on the material].

Distribution Early Oligocene–middle Miocene of Europe and Asia.

Palaeosciurus fissurae (Dehm, 1950)

Nomenclatural and Taxonomical History Sciurus fissurae in Dehm 1950 (new 
species); Palaeosciurus fissurae in Aguilar 1974 (new combination).

Type Material Right mandible with full dentition and part of the vertical ramus, 
Sammlung München 1937 II 10154 (holotype) (Dehm 1950: Fig. 13a–c).

Type Locality Wintershof–West, Germany, Lower Miocene [MN3].

Distribution Early–middle Miocene of Europe and Turkey.

Occurrences in Greece Aliveri and Karydia.

Remarks According to Dehm’s (1950) diagnosis, the species is of similar size 
with the extant Sciurus vulgaris, but with a lower mandible, weaker masseteric 
ridge, with no parastyle (Vorderlobus) on the P4 and with longitudinally striped 
Schmelzband in the lower incisors. One p4, one m1, one m2, one m3 and one M1/2 
from Aliveri have been described as P. aff. fissurae by de Bruijn et al. (1980), who 
noticed that the Aliveri material “seem to represent a new species of Palaeosciurus”, 
as the dental elements are more robust than those from the type locality of the spe-
cies, the mesoconids of the lower molars are larger, the postero-internal outline of 
the m3 is more oblique and the enamel of the central basins of unworn lower molars 
is more rugose (de Bruijn et al. 1980:259). Ziegler and Fahlbusch (1986) included 
the Aliveri material in their new species P. sutteri. However, van den Hoek Ostende 
et al. (2015), in their review on the Aliveri fauna, listed P. aff. fissurae. P. aff. fissu-
rae also appears in the faunal list for Karydia (Theocharopoulos 2000); there is no 
additional information on the material, but as the Karydia material has been recently 
revisited, it seems that the material indeed belongs to P. fissurae (Wessels 2020, 
personal communication).

Palaeosciurus sutteri Ziegler and Fahlbusch, 1986

Type Material Left m1, Inv.–Nr.1959 XXVII 225 (holotype), Bavarian State 
Collection for Paleontology and Historical Geology (Ziegler and Fahlbusch 1986: 
Tab. 3.16).

Type Locality Forsthart bei Vilshofen, Germany, Lower Miocene [MN4].

Distribution Early–middle Miocene of Europe.

Occurrences in Greece Antonios.
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Remarks This is a sciurid with medium-sized dental elements; the entoconid and 
mesostylid are clearly separated on the m1/2; the metalophid of the lower molars 
usually forms a lingual spur on the protoconid; the P4–M2 show a distinct, isolated 
mesostyle and a well-developed metaloph; the proto- and metaloph on the upper 
molars are connected; the protoconule appears often and the metaconule is mostly 
present (Ziegler and Fahlbusch 1986). According to Ziegler and Fahlbusch 
(1986:24), the evolution from P. fissurae to P. sutteri is evident through the stressing 
of the entoconid and the mesostylid, the development of a conical mesostyle on the 
P4, M1 and M2 and the constriction of the protoloph and the metaloph. A small col-
lection of P. sutteri dental elements have been found in Antonios, one m2, two P4, 
one M1/2 and one M3; their morphology is very close to that of the material from 
Forsthart, but they are larger, within the range of P. sutteri from Oberdorf 3 and 4 in 
Austria described by de Bruijn (1998) (Vasileiadou and Koufos 2005).

Sciurus Linnaeus, 1758

Type Species Sciurus vulgaris Linnaeus, 1758.

Other Taxa Included There are at least 27 extant species in Eurasia and America 
(Macdonald 2009). Of these, S. anomalus Güldenstädt, 1785 and S. vulgaris have 
also been found in fossil assemblages. The extinct species of the Old World are 
S. whitei Hinton, 1914; S. warthae Sulimski, 1964; S. maltei Dahlmann, 2001; and 
S. lii Qiu and Yan, 2005.

Distribution Early–middle Miocene of China to present in Eurasia and America.

Remarks Sciurus sp. has been reported from the Lower Pleistocene localities 
Kalymnos-Xi (one M3; Kuss and Storch 1978) and Kaiafas (van der Meulen and 
van Kolfschoten 1986). One m1 of the extant species S. anomalus has been found in 
the late Ruscinian fauna of Notio 1, showing great similarity with S. anomalus 
material from Upper Pleistocene cave deposits in Israel (Hordijk and de Bruijn 
2006). The Villanyian fauna of Tourkobounia 1 has yielded one d4 and one M3 
identified as S. cf. anomalus by de Bruijn and van der Meulen (1975). Although the 
material from Tourkobounia 2 is relatively rich (one d4, one D4, four P4, six M1/2 
and two M3), the absence of lower molars and the differences between the P4 from 
Tourkobounia 2 and that of S. anomalus from Kebara Cave led to the assignment of 
the material to S. cf. anomalus (van der Meulen and Doukas 2001). Van der Meulen 
and Doukas (2001) mentioned that additional S. cf. anomalus material was col-
lected from Tourkobounia 1 after the publication of de Bruijn and van der Meulen 
(1975), including also one M1/2 and one M3 morphologically similar to the 
Tourkobounia 2 elements, but smaller. One dental element of S. cf. vulgaris is listed 
for the Middle Pleistocene locality Choremi 3 without further information (van Vugt 
et al. 2000).
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 Subfamily Xerinae Osborn, 1910

Tribe Xerini Osborn, 1910

Type Genus Xerus Hemprich and Ehrenberg, 1833.

Atlantoxerus Forsyth Major, 1893

Type Species Sciurus getulus Linnaeus, 1758 (only extant species of genus).

Other Taxa Included A. tadlae (Lavocat, 1961); A. blacki (de Bruijn, 1967); 
A. adroveri (de Bruijn and Mein, 1968); A. rhodius de Bruijn, Dawson and Mein, 
1970; A. huvelini Jaeger, 1977; A. giganteus Wu, 1988; A. junggarensis Wu, 1988; 
A. margaritae Adrover et al., 1993; A. cuencae Aguilar et al., 1995; A. orientalis 
Qiu, 1996; A. martini Aguilar, 2002; A. humboldti Kordikova et al., 2004; A. xiyuen-
sis Wei, 2010.

Distribution Early Miocene–Pleistocene of Ν Africa and Eurasia. The single 
extant species, A. getulus, lives in the Atlas Mountains (N Africa).

★Atlantoxerus rhodius de Bruijn, Dawson and Mein, 1970

Type Material Left m1/2, no. 1183 (de Bruijn et al. 1970: Pl. 7.11).

Type Locality Maritsa 1, Rhodes Island, Greece, Upper Miocene [Turolian 
(MN13)].

Distribution Apart from the type locality, it is known from Morocco (Mahboubi 
2014). A. cf. rhodius is mentioned from Villaba–Alta in Spain (Adrover et al. 1976), 
Brisighella in Italy (de Giuli 1989) and Algeria (Coiffait et al. 1985).

Occurrences in Greece Maritsa 1.

Remarks This is an average-sized Atlantoxerus species, diagnosed through the 
absence of a protoconule from the upper molars, the presence of a small mesostyle 
on all M1–2 and some P4 and a very small metaconule on the M3 (de Bruijn et al. 
1970). Additional morphological features include a metalophid that is absent from 
the p4, complete on the m1–2 and interrupted on the m3, an absent or indistinct 
entolophid on the p4, weak anteroconids, a small metacone on the M3 and a sharp 
narrow entolophid on the m1–3 (de Bruijn et al. 1970). The material from the type 
locality Maritsa 1 (Fig. 4) includes one partial mandible with m1–m2, three d4, four 
p4, seven m1/2, seven m3, two partial maxillae with M1–M3, five D4, eight P4, 10 
M1/2 and three M3.
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Fig. 4 Atlantoxerus rhodius from Maritsa 1 (type locality). a P4, b M1/2, c M3, d p4, e m1/2 
(holotype), f m3. Images courtesy of H. de Bruijn. All specimens figured as left; b is reversed. 
Scale bar equals 1 mm

Tribe Marmotini Pocock, 1923

Type Genus Marmota Blumenbach, 1779.

Tamias Illiger, 1811

Type Species Sciurus striatus Linnaeus, 1758 (extant).

Other Taxa Included [Only extinct species of the Old World, including the subge-
nus Eutamias Trouessart, 1880, according to Bosma et  al. (2019)] T. (E.) orlovi 
Sulimski, 1964; T. (E.) urialis Munthe, 1980; T. eviensis de Bruijn, van der Meulen 
and Katsikatsos, 1980; T. (E.) sihongensis Qiu and Liu, 1986; T. (E.) ertemtensis 
Qiu, 1991; T. atsali de Bruijn, 1995; T. allobrogensis Mein and Ginsburg, 2002; 
T. (E.) lishanensis Qiu, Zheng and Zhang, 2008; T. anatoliensis Bosma, de Bruijn 
and Wessels, 2013.

Distribution Late Oligocene–present of N America and Eurasia.

Remarks The rare presence of Tamias sp. in the localities Komanos 1 low A and B 
is mentioned by Hordijk and de Bruijn (2009). Tamias sp. is also mentioned in the 
faunal list for Komotini (de Bruijn and van der Meulen 1979).
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★Tamias eviensis de Bruijn, van der Meulen and Katsikatsos, 1980

Type Material Left M1/2 (holotype) (de Bruijn et al. 1980: Pl. 4.9).

Type Locality Aliveri, Greece, Lower Miocene [MN4].

Distribution Early Miocene of Greece and possibly early–late Miocene of Turkey 
[T. cf. eviensis in the Lower Miocene locality Yapıntı (Bosma et al. 2019) and the 
Upper Miocene localities Karaőzű and Hayranlı 1 (Bosma et al. 2013)].

Occurrences in Greece Aliveri.

Remarks The species is based on a small collection of two p4, two m1, three m2, 
three m3, one P4, nine M1/2 and five M3 from Aliveri (Fig. 5), which have size and 
general proportions similar with those of the extant T. sibericus and the Pliocene 
species T. orlovi (de Bruijn et al. 1980). Its diagnostic features include the absence 
of a parastyle from the P4, the rather well-developed hypocone on the M1–2, the 
presence of a small protoconule on the M1–3 and the well-developed anteroconid 
on the m1–3. The presence of Tamias in Aliveri seems to be the earliest occurrence 
of the genus in the Old World and almost coincides with the earliest occurrence of 
the genus in N America (de Bruijn et al. 1980).

★Tamias atsali de Bruijn, 1995

Type Material Right M1/2, no. 5014 (holotype) (de Bruijn 1995: Pl. 3.3).

Type Locality Maramena, Greece, Miocene/Pliocene [Turolian/Ruscinian bound-
ary (MN13/14)].

Distribution Late Miocene/early Pliocene of Greece and Turkey [in Kangal 1 and 
T. aff. atsali in Sűleymanlı 2 (Bosma et al. 2013)].

Occurrences in Greece Ano Metochi 3 and Maramena.

Remarks The material from the type locality Maramena (Fig. 5) consists of two 
d4, four p4, 28 m1/2, 19 m3, two D4, five P4, 13 M1/2 and 10 M3, whereas that 
from Ano Metochi 3 of one d4, one p4, one m1/2, one D4 and one partial maxilla 
with the P4–M3 and the alveolus of the P3 (de Bruijn 1995). The species is diag-
nosed through the average size of its dental elements, the presence of a P3, the large 
metaconule on the M1–2, the constricted or incomplete metaloph situated between 
the metaconule and the protocone, the absence of a protoconule from the M1–2, the 
small parastyle on the P4, rounded occlusal surface of the M3, the usual presence of 
a notch between the protocone and the posteroloph on the M3 and the absence of 
mesoconid and mesostylid from the m1–3 (de Bruijn 1995).
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Fig. 5 Tamias eviensis from Aliveri (type locality). a P4, b M1/2 holotype, c M3, d p4, e m1, f m2, 
g m3. Tamias atsali from Maramena (type locality). h P4, i M1/2 holotype, j M3, k p4, l ml, m m2, 
n m3. Images courtesy of H. de Bruijn. All specimens figured as left; i, k, l are reversed. Scale bar 
equals 1 mm

Spermophilinus de Bruijn and Mein, 1968

Type Species Sciurus bredai von Meyer, 1848.

Other Taxa Included S. turolensis de Bruijn and Mein, 1968; S. giganteus de 
Bruijn, Dawson and Mein, 1970; S. besana Cuenca Bescós, 1988.

Distribution Early Miocene–early Pliocene of Eurasia.

Remarks The distinction of the Spermophilinus species is mainly based on the 
size of the dental elements, as their morphology is quite similar (de Bruijn 1995). 
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One P4 and one M3 found in the locality Ravin de la Plui have been described by 
Aguilar et al. (1995) as Spermophilinus sp.; the teeth are clearly larger than those of 
S. turolensis and S. besana; they are closer to S. giganteus, with which, however, 
there are morphological differences. Aguilar et  al. (1995) believed the material 
belongs to a species that could be ancestral to S. giganteus from Maritsa 1; thus two 
lineages of Spermophilinus could be present in the area of Greece during the late 
Miocene. Spermophilinus sp. is also in the faunal list of Lava 2, with the only infor-
mation available that the teeth are larger than those of S. turolensis (de Bruijn et al. 
1999). De Bruijn (1995) suggested that there is a gradual increase in tooth size 
through time for the Spermophilinus species. However, the current data show that 
the Spermophilinus evolutionary history might be more complicated than this. 
According to Bosma et al. (2019), it is probable that the MN10–MN12 S. (cf.) bre-
dai from Greece and Turkey is a continuation of the middle Miocene S. besana 
lineage, and the MN9–MN13/14 S. turolensis from Greece and Turkey has its roots 
in the middle Miocene S. bredai, whereas S. giganteus may have originated from 
S. turolensis. This hypothesis does not, however, fit with the presence of a large 
Spermophilinus in the MN10 Ravin de la Plui and the MN13 Lava 2 faunas.

Spermophilinus besana Cuenca Bescós, 1988

Nomenclatural History The species was named Spermophilinus besana by 
Cuenca Bescós (1988), but many authors have been referring to it as S. besanus, 
marking that since the name Spermophilinus is of masculine gender, the species 
name should be changed from feminine to masculine as well (e.g., de Bruijn 1998, 
Vasileiadou and Koufos 2005). However, Ruiz-Sánchez et  al. (2013) clarify that 
“besana” is used as a noun in apposition and does not need to agree in gender.

Type Material Left m2, RGM 300 245 (holotype) (Cuenca Bescós 1988: Pl. 1.F).

Type Locality Vargas 1A, Zaragoza, Spain, Lower Miocene [MN4].

Distribution Early–middle Miocene [MN4–5] of Europe and Turkey.

Occurrences in Greece Antonios.

Remarks It is the smallest and oldest Spermophilinus species, diagnosed through 
its rectangular upper molars bearing an anteroloph isolated from the protocone by a 
shallow furrow and a narrow metaloph with no metaconule, its also rectangular 
lower dental elements with a rounded postero-lingual angle, with an anterolophid 
separated from the protoconid by a deep groove, with no evident entoconid but 
incorporated within the posterolophid, with a residual metalophid and a well- 
developed sinusid (Cuenca Bescós 1988). The locality Antonios has yielded one 
m1/2, one m3 and five M1/2 assigned to S. besana (erroneously spelled S. besanus), 
which are slightly larger than the dental elements from the type locality but morpho-
logically identical to them (Vasileiadou and Koufos 2005).

The Fossil Record of Rodents (Mammalia: Rodentia) in Greece



428

Spermophilinus bredai (von Meyer, 1848)

Nomenclatural and Taxonomical History Sciurus bredai in von Meyer 1848 
(new species); Spermophilinus bredai in de Bruijn and Mein 1968 (new combina-
tion). Considered by Schlosser (1890) as the senior synonym of Sciurus spermo-
philinus Depéret 1892 and Sciurus gervaisianus Lartet 1851.

Type Material von Meyer did not designate a holotype, but the only material com-
ing from the type locality is a crashed skeleton consisting of one mandible with 
p4–m2, one scapula, one humerus and the hind limbs, to which Schlosser (1884) 
and later Depéret (1892) refer to as the holotype. The specimen, numbered 42,826, 
was purchased in 1871 from the Museum of Haarlem by the Natural History 
Museum of London (Forsyth Major 1899: Pl. XVII).

Type Locality Öhningen, Germany, middle Miocene [MN6 / MN7+8].

Distribution Middle–late Miocene of Eurasia.

Occurrences in Greece Kastellios 1, Samos S3, Mytilinii 1A and B.

Remarks The only comment in von Meyer (1848:472) referring to his new species 
from Öhningen was that he deposited its remains in the collection of Prof. van 
Breda (Haarlem Museum, the Netherlands). Later, Schlosser found rough sketches 
of the specimens deposited in Munich by von Meyer, on which he measured the 
specimens (Schlosser 1884:88) and he mentioned that the limbs are remarkably 
short in relation to the length of the tooth row. The holotype was recovered by 
Forsyth Major in the Natural History Museum of London; he measured the speci-
mens and stated that the lower incisor has a “longitudinal striation of the enamel”, 
whereas the cheek teeth present are very worn and he did not describe them (Forsyth 
Major 1899:365). As the species Sciurus spermophilinus Depéret, 1892 from La 
Grive (France, MN7–8) and Sciurus gervaisianus Lartet, 1851 from Sansan (France, 
MN6) were synonymized with S. bredai by Schlosser (1890), most of our knowl-
edge on the species comes from these localities (see Forsyth Major 1899 and Black 
1966 for details).

One D4 has been found in the locality Kastellios 1, with short protoloph with no 
protoconule, metacone connected to the protocone showing a constriction just labi-
ally to the connection, well-defined metaconule and a small mesostyle near the 
metacone; after comparisons with numerous samples of the species from La Grive, 
the tooth was assigned to S. bredai (de Bruijn et al. 1971:11). A few squirrel speci-
mens have also been found in Samos Island: one right M1/2 in the locality S3 (Black 
et al. 1980) and one m2 and one M1/2 in the localities Mytilinii 1A and B, respec-
tively (Vasileiadou and Sylvestrou 2009); they have all been assigned to S. cf. bre-
dai, as their size and morphology are close to this species but the specimens too few 
to allow certain identification.
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★Spermophilinus giganteus de Bruijn, Dawson and Mein, 1970

Type Material Right m1/2, no. 1197 (holotype) (de Bruijn et al. 1970: Pl. 9.2).

Type Locality Maritsa 1, Rhodes Island, Greece, Upper Miocene [Turolian 
(MN13)].

Distribution The species is only known from the type locality.

Remarks This is the largest Spermophilinus species. The diagnosis given by de 
Bruijn et al. (1970) includes unusually weak for the genus mesoconids on the lower 
molars, triangular P4, a well-developed metaconule on the M1/2 metalophs and an 
enlarged m3. The material from Maritsa 1 (Fig. 6) includes one d4, one p4, two 
m1/2, one m3, one P4 and five M1/2.

Spermophilinus turolensis de Bruijn and Mein, 1968

Type Material Right m1/2, LM 92 (holotype) (de Bruijn and Mein 1968: Pl. 2.4).

Type Locality Los Mansuetos, Spain, Upper Miocene [MN12].

Distribution Late Miocene (late Vallesian–Turolian) of Eurasia.

Fig. 6 Spermophilinus giganteus from Maritsa 1 (type locality). a P4, b M1/2, c m1/2 (holotype), 
d m1/2, e m3. Images courtesy of H. de Bruijn. All specimens figured as left; b, c, d are reversed. 
Scale bar equals 1 mm
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Occurrences in Greece Maramena and Nea Silata.

Remarks The species, based on two d4, one m1/2, two m3, three D4, three P4, 
three M1/2 and two M3 from Los Mansuetos, is diagnosed through the rugose 
 talonid basin in unworn specimens, the rounded postero-lingual corner and the 
absence of a well-developed entoconid on the m1–2, the absence of anteroconid and 
mesostylid, the strong mesoconid on the m1–3, the much wider than long m1–2, the 
converging towards the protocone protoloph and metaloph, the constriction of the 
metaloph near the protocone, the incorporated in the lingual border hypocone and 
the presence of a mesostyle on the M1–2 but absence on the M3 (de Bruijn and 
Mein 1968). A rather large collection of S. turolensis dental elements was found in 
Maramena, consisting of six p4, four m1/2, seven m3, two D4, 12 M1/2 and three 
M3 (de Bruijn 1995). One m3, one D4 and one P4 of Spermophilinus from Nea 
Silata were described by Vasileiadou (2001) in her unpublished MSc thesis; the ele-
ments have the size and morphology of S. turolensis, with the only difference being 
the strong mesostyle on the two upper elements, which led Vasileiadou et al. (2003) 
to the assignment of the material to S. cf. turolensis.

Spermophilus Cuvier, 1825

Type Species Mus citellus Linnaeus, 1766.

Other Taxa Included The genus contains 12 extant species (Sinitsa and Pogodina 
2019), of which S. citellus (Linnaeus, 1766); S. suslicus (Güldenstädt, 1770), 
S. major (Pallas, 1779) and S. xanthoprymnus (Bennett, 1835) have also been found 
in Late Pleistocene faunas. The extinct species include S. superciliosus (Kaup, 
1839); S. citelloides Kormos, 1916; S. primigenius (Kormos, 1934); S. nogaici 
(Topachevski, 1957); S. severskensis Gromov, 1958; S. polonicus (Gromov, 1965); 
S. dietrichi Kretzoi, 1965; S. taurensis Gündüz et al., 2007; and S. praecox Sinitsa 
and Pogodina, 2019.

Distribution Latest Pliocene–present of Eurasia, from Austria to China.

Remarks The genus name Citellus (Oken 1816) has been used for a long time, 
until the International Commission on Zoological Nomenclature adopted the opin-
ion that Spermophilus (Cuvier 1825) was the correct name for the genus (1956; 
Opinion 417; see Ramos-Lara et  al. 2014 for details). Following this, the upper 
molar from Petralona assigned to Citellus sp. by Sickenberg (1971) is here men-
tioned as Spermophilus sp. One m3, one P4 and two M1/2 from the Biharian fauna 
of Marathoussa (N Greece) have been assigned to Spermophilus sp. (Koufos et al. 
2001). S. cf. xanthoprymnus have been described from the fissure filling Latomi 1 in 
Chios Island (Storch 1975). Fossil assemblages of the extant European ground 
squirrel, S. citellus, have been described from the Late Pleistocene localities Arnissa 
(Mayhew 1978) and Loutra Almopias Cave LAC and LAC Ia (Chatzopoulou 2014).
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Spermophilus nogaici (Topachevski, 1957)

Nomenclatural and Taxonomical History Citellus (Urocitellus) nogaici in 
Topachevski 1957 (new species); Spermophilus nogaici in accordance with the 
Opinion 417 of the International Commission on Zoological Nomenclature (1956).

Type Material Lectotype: right maxilla with P4, NMNHU-P 27–190 (formerly 
NMNHU-P 27–189) (Topachevski 1957: Fig. 3).

Type Locality Nogajsk, Ukraine, Lower Pleistocene [middle Biharian].

Distribution Late Pliocene–Middle Pleistocene of E Europe.

Occurrences in Greece Ravin Voulgarakis.

Remarks A rich material consisting of one d4, five p4, 10 m1/2, two m3, three P3, 
six P4, six M1/2 and nine M3 from the Biharian fauna of Ravin Voulgarakis has 
been attributed to S. nogaici by Koliadimou (1996). The material is characterized by 
a well-developed P3 with a low anterior cingulum, a triangular P4, a weak posterior 
cingulum, weak mesostyle, an Λ-shaped continuous ridge connecting the paracone, 
protocone, metaconule and metacone, a strong protocone and the absence of a para-
style on the M1–2, the absence of a metacone and the presence of a weak metaco-
nule on the M3, the closed central basin and the presence of a divided posterior root 
on the p4, the presence of a mesostylid on the m1–2 and the stronger metalophulid 
on the m2 (Koliadimou 1996).

Spermophilus citelloides Kormos, 1916

Type Material  See Kormos 1916.

Type Locality Felsnische Pilisszántó, Hungary, Upper Pleistocene [late Würm].

Distribution Late Pleistocene and Holocene of C and E Europe.

Occurrences in Greece Dimitra 2.

Remarks Eight complete teeth and many tooth fragments of S. citelloides have 
been found in the Upper Pleistocene locality Dimitra 2 (Strimon Basin); the teeth 
are small and hypsodont, the upper molars are triangular, the lower ones rhomboid; 
there are well-developed intermediate tubercles on the crests, the mesostyle is 
absent from the upper molars and the ectostylid is absent from the lower molars; 
there are two large roots on the p4, the posterior of which extends along the border 
of the tooth (Syrides and Koliadimou 1994).
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 Family Gliridae Muirhead, 1819

Type Genus Glis Brisson, 1762.

Remarks One small worn tooth with no roots preserved at the locality Plakias has 
been identified as a p4 or d4 of Gliridae indet. by de Bruijn et al. (2012:69). Gliridae 
indet. have also been reported in the faunal lists of Tourkobounia 4 and 5 (Reumer 
and Doukas 1985) and of Karnezeika (Kokotini et al. 2019).

 Subfamily Bransatoglirinae Daams and de Bruijn, 1995

Type Genus Bransatoglis Hugueney, 1967.

Bransatoglis Hugueney, 1967
(= Paraglis Baudelot, 1970, according to Daams 1976; = Oligodyromys Bahlo, 
1975, according to Bosma and de Bruijn 1982)

Type Species Bransatoglis concavidens Hugueney, 1967.

Other Taxa Included (according to de Bruijn et al. 2013a) B. spectabilis (Dehm, 
1950); B. fugax (Hugueney, 1967); B. astaracensis (Baudelot, 1970); B. planus 
(Bahlo, 1975); B. cadeoti Bulot, 1978; B. infralactorensis (Baudelot and Collier, 
1982); B. bahloi Bosma and de Bruijn, 1982; B. mayri Rabeder, 1984; B. sjeni 
Ünay-Bayraktar, 1989; B. moyai (Hugueney and Adrover, 1990); B. complicatus 
Ünay, 1994; B. ingens (Werner, 1994); B. parvus Freudenthal, 1996; B. adroveri 
Hugueney, 1997; B. attenuatus Peláez-Campomanes, 2000; B. bosniensis de Bruijn 
et al., 2013a.

Distribution Late Eocene (MP17)–middle Miocene (MN6) of Europe and Turkey.

Bransatoglis sjeni Ünay–Bayraktar, 1989

Type Material Right M2 (holotype) (Ünay-Bayraktar 1989: Pl. 9.8).

Type Locality Kocayarma, Turkey, middle Oligocene.

Distribution Oligocene of Greece and Turkey.

Occurrences in Greece Kyprinos.

Remarks According to the diagnosis of this medium-sized species, the occlusal 
surface of the cheek teeth is strongly concave, and the cross section of the valleys is 
U-shaped, whereas that of the ridges V-shaped, the P4 bears a short transverse pro-
toloph and usually two centrolophs, the M1–2 show an interrupted endoloph and the 
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M3 shows a complex pattern of crests within the trigon (Ünay-Bayraktar 1989). 
One M1/2 from the late Oligocene of Kyprinos has been assigned to this species, 
based on its similarity in morphology and size with B. sjeni from the type locality: 
it shows a strongly concave occlusal surface, eight ridges and isolated anteroloph 
and posteroloph connected to the protocone (Doukas and Theocharopoulos 1999).

Bransatoglis complicatus Ünay, 1994

Type Material Left M1(holotype) (Ünay 1994: Pl. 1.1).

Type Locality Harami 1, Turkey, Lower Miocene [MN2].

Distribution Early Miocene of Anatolia and Greece.

Occurrences in Greece Aliveri.

Remarks This species has medium-sized cheek teeth, with strongly concave 
occlusal surfaces and complex occlusal pattern, showing strong extra ridges outside 
the trigon; the P4 bears two centrolophs, and the M1–2 has a complete endoloph 
connected with the long anterior centroloph (Ünay 1994). Material from Aliveri, 
two M1, one M2 and one M3, was originally assigned to B. cf. fugax by van der 
Meulen and de Bruijn (1982). The size of the M1–2 overlaps with that of the small-
est B. fugax from the type locality Coderet and other French localities, but the ridges 
on these molars seem stronger, the valleys less wide and the paracone and metacone 
less distinguished, whereas the M3 is longer and less triangular than the M3 of 
B. fugax from the type locality (van der Meulen and de Bruijn 1982). The Aliveri 
molars were transferred to B. complicatus by Ünay (1994), due to the continuous 
endoloph, its connection to the long anterior centroloph and the connections between 
the protoloph and the metaloph at the endoloph on the M1–2, as well as the complex 
ridge pattern and the strength of the extra ridges.

 Subfamily Dryomyinae de Bruijn, 1967

Type Genus Dryomys Pallas, 1778.

Glirulus Thomas, 1906
(= Amphidyromys Heller, 1936, according to Mayr 1979)

Type Species Extant Japanese dormouse Myoxus japonicus Schinz, 1845 (= 
Glirulus elegans Temminck, 1845, Glirulus lasiotis Thomas, 1880).

Other Fossil Taxa Included [including subgenus Paraglirulus Engesser, 1972, 
which Marković et al. (2016) consider synonymous to Glirulus] G. pusillus (Heller, 
1936); G. gemmula Kretzoi, 1962; G. lissiensis (Hugueney and Mein, 1965); G. (P.) 
werenfelsi (Engesser, 1972); G. diremptus (Mayr, 1979); G. conjunctus (Mayr, 
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1979); G. (P.) agelakisi van der Meulen and de Bruijn, 1982; G. minor Wu, 1993; 
G. ekremi Ünay, 1994; G. daamsi de Bruijn et al., 2003a; G. (P.) schultzi Daxner- 
Höck and Höck, 2009.

Distribution Miocene–Pliocene of Europe and Turkey, present of Japan.

Glirulus (Glirulus) diremptus (Mayr, 1979)

Nomenclatural and Taxonomical History Paraglirulus diremptus in Mayr 1979 
(new species); Glirulus (Glirulus) diremptus in van der Meulen and de Bruijn 1982 
(new combination).

Type Material Right M1 (holotype), Erkertshofen 1962 XIX 3331 (Mayr 1979: 
Pl. VIII.6).

Type Locality Erkertshofen, South Germany, Lower Miocene [MN4].

Distribution Early Miocene of Europe.

Occurrences in Greece Lapsarna, Aliveri and Karydia.

Remarks According to Mayr’s (1979) diagnosis, the P4 bears an anterior centro-
loph and two extra ridges outside the trigon, the M1–2 always has three additional 
ridges, two of them outside the trigon and the third situated between the protoloph 
and the anterior centroloph; the endoloph is continuous and the main ridges tend to 
connect on the labial edge; the posterior centroloph is shorter than the anterior one, 
and both are separated from the endoloph; the p4–m2 bear five main ridges and four 
additional ones; the transverse valley between the centrolophid and the mesolophid 
is present but narrow; the m1–2 are two-rooted.

A rich collection of G. diremptus dental elements has been found in Aliveri: 11 
p4, 14 m1, 10 m2, seven m3, one P4, nine M1, 16 M2 and eight M3; the Aliveri 
material has very few differences from that from the type locality: the Aliveri M3 
and m1 are longer, the M1–2 and m2 narrower, an extra ridge in the posterior valley 
is always present on the M1/2, and there are more extra ridges in the Aliveri lower 
molars (van der Meulen and de Bruijn 1982:494). G. diremptus is also mentioned in 
the Karydia faunal list by Theocharopoulos (2000) without further information. A 
small collection from the Lower Miocene locality Lapsarna, one m2, one m3, one 
P4 and one M3, has been assigned to G. cf. diremptus by Vasileiadou and Zouros 
(2012). The Lapsarna teeth are very similar to the ones from Aliveri, the only differ-
ence being on the M3–m3 from Lapsarna, where the extra ridges are slightly shorter 
than on the Aliveri molars, whereas the Lapsarna P4 is smaller and the M3 larger 
than the Aliveri teeth (Vasileiadou and Zouros 2012:259). Additional material from 
Lapsarna, consisting of one p4, one m1, four m2, one m3, one M2, one M1/2 and 
one M3, has confirmed the allocation to G. diremptus (Vasileiadou et al. 2017).
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★Glirulus (Paraglirulus) agelakisi van der Meulen and de Bruijn, 1982

Type Material Left M2, Al 1875 (holotype) (van der Meulen and de Bruijn 1982: 
Pl. 3.2).

Type Locality Aliveri, Greece, Lower Miocene [MN4].

Distribution Early Miocene of Greece.

Occurrences in Greece Aliveri and Karydia.

Remarks The material from the type locality Aliveri (Fig. 7) consists of two d4, 
three p4, eight m1, 12 m2, six m3, three P4, 11 M1, eight M2 and one M3. The spe-
cies is diagnosed based on the common lack of connection between the anterior 
centroloph and the endoloph in the upper molars (van der Meulen and de Bruijn 
1982:495), whereas in G. (P.) werenfelsi there is always a connection between them. 
Another difference is that in the G. (P.) agelakisi upper molars the ridges are less 
parallel to each other than in G. (P.) werenfelsi (van der Meulen and de Bruijn 
1982:499). Glirulus (P.) agelakisi is also mentioned in the faunal list of Karydia 
without further information on the material (Theocharopoulos 2000). This species 
is considered to be the ancestor of G. (P.) werenfelsi by van der Meulen and de 
Bruijn (1982:499).

Fig. 7 Glirulus (Paraglirulus) agelakisi from Aliveri (type locality). a M1, b M2 (holotype), c 
M3, d m1, e m2, f m3. Images courtesy of H. de Bruijn. All specimens figured as left; c, d, f are 
reversed. Scale bar equals 1 mm
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Glirulus (Paraglirulus) werenfelsi Engesser, 1972

Type Material Left M1, Al. 274 (holotype) (Engesser 1972: Abb. 75.1).

Type Locality Anwil, Switzerland, middle Miocene [MN7/8].

Distribution Early–late Miocene of Europe.

Occurrences in Greece Plakias.

Remarks According to Engesser’s (1972) diagnosis, this is a middle-sized glirid, 
with increasingly concave occlusal surface from the m3 to the m1; two-rooted lower 
molars, with strong main ridges and an average of four secondary ridges, with a 
thick ectolophid but no endolophid, with a centrolophid never connected to the 
mesolophid; upper teeth with an almost square outline, continuous endoloph, main 
ridges higher than the  – usually four  – secondary ones, the anterior centroloph 
always connected with the endoloph but ends freely on the labial side, the two ante-
rior main ridges and the two posterior ones almost always connected. One m3 from 
an old collection from Plakias had been identified as Glirudinus sp. (de Bruijn and 
Meulenkamp 1972), but a subsequent collection contains two more teeth, one m2 
and one M2, which lead to the assignment of the Plakias three glirid teeth to G. (P.) 
werenfelsi, even though the molars are somewhat larger than those of other European 
representatives of the species (de Bruijn et al. 2012).

Microdyromys de Bruijn, 1966
[= Myolidus Álvarez-Sierra in Álvarez-Sierra and García-Moreno, 1986, 
according to Daams (1999)]

Type Species Microdyromys koenigswaldi de Bruijn, 1966.

Included Taxa M. praemurinus (Freudenberg, 1941); M. complicatus de Bruijn, 
1966; M. monspeliensis Aguilar, 1977; M. legidensis Daams, 1981; M. orientalis 
Wu, 1986; M. sinuosus (Álvarez-Sierra, 1986); M. misonnei (Vianey-Liaud, 1994); 
M. hidebrandti Werner, 1994; M. wuae Qiu, 1996; M. heissigi (Uhlig, 2001); 
M. puntarronensis Freudenthal and Martín-Suárez, 2007; M. remmerti García- 
Paredes, Peláez-Campomanes and Álvarez-Sierra, 2010.

Distribution Late Eocene–Miocene of Europe and Turkey.

Remarks According to de Bruijn’s (1966) diagnosis, Microdyromys is a small 
glirid with concave occlusal surface of the cheek teeth, ornamented lingual side of 
upper cheek teeth, four main ridges connected via an endoloph on the upper molars, 
anterior centroloph longer than the posterior one on the M1–2, P4 and M3 relatively 
large, additional ridges lower than the main ones. Van der Meulen and de Bruijn 
(1982) assigned one p4, one m1 and one m2 from Aliveri to Microdyromys sp.: the 
p4 has five ridges and no centrolophid, whereas the two molars have seven ridges 

K. Vasileiadou and I. Sylvestrou



437

each; metrically and morphologically, the teeth are comparable to M. legidensis and 
M. monspeliensis (van der Meulen and de Bruijn 1982:486). De Bonis et al. (1997) 
have reported the presence of Microdyromys sp. in the middle Miocene locality 
Thymiana A (Chios Island), with no details. Vasileiadou and Koufos (2005) 
described one m2 from the locality Antonios as cf. Microdyromys sp.; even though 
the size and morphology remind those of Microdyromys, the material is extremely 
poor to allow for a definite identification.

Eliomys Wagner, 1840

Type Species Eliomys melanurus Wagner, 1840 (extant).

Other Taxa Included Extant: E. quercinus (Linnaeus, 1766); E. munbyanus 
(Pomel, 1856). Extinct: E. intermedius Friant, 1953; E. truci Mein and Michaux, 
1970; E. reductus Mayr, 1979; E. assimilis Mayr, 1979; E. darelbeidae Geraads, 
1994; E. briellensis Reumer, 2001; E. lafarguei Aguilar, Michaux and Lazzari, 
2007; E. yevesi Masino, Garcia-Alix, Ruiz-Sánchez and Montoya, 2015.

Distribution Middle Miocene–present, in Europe, Turkey, Israel, Egypt and 
Morocco.

Remarks A fossil assemblage of the extant E. quercinus has been described from 
the Biharian fauna of Tourkobounia 2, consisting of three m1, three m2, three m3, 
four P4 and two M1/2 (van der Meulen and Doukas 2001). The P4 has four ridges 
and two fused roots and shows the typical Eliomys outline, straight anteriorly and 
convex posteriorly. The M1/2 has three roots and, apart from the four main ridges, 
a rather long anterior centroloph and a smaller posterior one. The m1–2 have five 
ridges, whereas the centrolophid is shorter on the m2 than on the m1 (van der 
Meulen and Doukas 2001:261). Eliomys sp. has been mentioned from Limni 6 (van 
den Meulen and van Kolfschoten 1986), with no details on the available material.

Eliomys intermedius Friant, 1953

Type Material Unnumbered M1 (Friant 1953: Fig. 2).

Type Locality Sète, France, Lower Pleistocene.

Distribution Late Miocene (Turolian)–Early Pleistocene of Spain, France, W Asia 
and Greece.

Occurrences in Greece Maritsa 1.

Remarks The holotype from Sète is a small M1 with three roots (one lingual and 
two labial), four main transverse ridges and a concave occlusal surface with two 
sharp cusps on the labial side (Friant 1953). Several dental elements from Maritsa 1 
(two p4, two m1, two m2, two m3, two partial P4, two M1/2, and four M3) have 
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been assigned to E. aff intermedius by de Bruijn et al. (1970), after comparison with 
Turolian Eliomys from Spain and E. intermedius from the French sites Sète and 
Balaruc II. The Maritsa 1 teeth are a little smaller than the Sète ones and much 
smaller than the Balaruc II ones; they also differ from the latter teeth due to the 
longer extra ridge on the m2 and the presence of an extra ridge on the M1–2; the 
Turolian species is very different from the Maritsa 1 one (de Bruijn et al. 1970).

Dryomys Thomas, 1906
(= Afrodryomys Jaeger, 1975, according to Daams and de Bruijn 1995)

Type Species Mus nitedula Pallas, 1778 (extant).

Other Taxa Included Extant: D. laniger Felten and Storch, 1968; D. niethammeri 
Holden, 1996. Extinct: D. ambiguous Lavocat, 1961; D. chaabi Jaeger, 1977; 
D. sichuanensis Wang, 1985; D. tosyaensis Ünay and de Bruijn, 1998; D. apulus 
Freudenthal and Martín-Suárez, 2006.

Distribution Middle Miocene of Africa, late Miocene of Germany and Italy, 
Pliocene–present of C Europe, Balkans, Turkey, Middle East, Russia, Pakistan, China.

Remarks Dryomys sp. is mentioned in the faunal list of Limni 6 (van der Meulen 
and van Kolfschoten 1986) with no information on the material. De Bruijn and van 
der Meulen (1975:336) assigned one m1 and one M3 from Tourkobounia 1 to 
Gliridae gen. and sp. indet.; Daams (1981:64) mentioned that these molars resemble 
both Microdyromys and Dryomys, but he assigned them to the latter genus, only 
because they are relatively large (Daams 1981:65). Fossil remains of the extant 
D. nitedula have been described from the Middle Pleistocene locality Latomi 1; the 
material, consisting of two m1, two m2, one m3 and one M3 (with a short anterior 
and a long posterior centroloph), falls within the variation range of the recent west-
ern Anatolian and Balkan species, in both size and morphology (Storch 1975:171). 
D. nitedula has also been found in Arnissa, with two m1, four m1/2, one M1 and 
two M2; the M1–2 have a short posterior and a long anterior centroloph, with one 
extra ridge between the two on the M2, whereas on the one m1 the centrolophid is 
isolated and on the other connected to the metalophid (Mayhew 1978:305). Finally, 
the species has also been described from the Late Pleistocene faunas Loutra 
Almopias Cave LAC and LAC Ia (Chatzopoulou 2014) and the sub-recent cave 
deposits of Pili (Daams 1981).

 Subfamily Glirinae Thomas, 1897

Type Genus Glis Brisson, 1762.

Glirudinus de Bruijn, 1966

Type Species Glirulus gracilis Dehm, 1950.
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Other Taxa Included G. glirulus (Dehm, 1935); G. modestus (Dehm, 1950); 
G. bouzigensis (Thaler, 1966); G. undosus Mayr, 1979; G. euryodon van der Meulen 
and de Bruijn, 1982; G. minutus Wu, 1993; G. engesseri Ünay, 1994; G. haramien-
sis Ünay, 1994; G. eggingensis Werner, 1994; G. antiquus Vianey-Liaud, 2003; 
G. intermedius Aguilar and Lazzari, 2006; G. magnus Aguilar and Lazzari, 2006; 
G. matusi Joniak et al., 2017.

Distribution Late Oligocene–middle Miocene of C and SW Europe and Anatolia.

Remarks Marković et  al. (2016) reported that “the cheek teeth of G. minutus, 
G. gracilis, G. modestus, G. bouzigensis and G. undosus show so much variation in 
size and morphology that samples overlap, which makes it difficult, if not impossi-
ble, to identify these species with certainty”. However, they retain the individual 
species, and we here follow their opinion.

★Glirudinus euryodon van der Meulen and de Bruijn, 1982

Type Material Left M2, AL 1858 (holotype) (van der Meulen and de Bruijn 1982: 
Pl. 2.2)

Type Locality Aliveri, Greece, Lower Miocene [MN4].

Distribution Early Miocene of Greece (Aliveri). G. cf. euryodon in the Turkish 
Lower Miocene localities Semsettin (Şen et al. 1998) and Kaplangı (Dangremond 
2012) and G. aff. euryodon in the Lower Miocene Serbian locality Sibnica (Marković 
et al. 2016).

Occurrences in Greece Aliveri.

Remarks The species was created based on an assemblage from Aliveri (Fig. 8) 
consisting of one d4, two p4, six m1, five m2, two D4, one P4, nine M1, seven M2 
and three M3 (including the holotype). The diagnosis indicates a medium-sized 
Glirudinus with wide molars having seven ridges, complete endoloph on the upper 
molars and two-rooted M2 (fusion of the two labial roots). Further features include 
the connection of the anteroloph to the endoloph on the M1. On the upper molars 
there is a pronounced lingual projection and two loops at the labial side on which all 
ridges are connected except for the extra ridge between the anterior centroloph and 
the protoloph, whereas on the lower molars the labial ends of the main ridges end 
free (van der Meulen and de Bruijn 1982).

Glirudinus gracilis (Dehm, 1950)

Nomenclatural and Taxonomical History Glirulus gracilis in Dehm 1950 (new 
species); Glirudinus gracilis in de Bruijn 1966 (new combination).
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Type Material Right lower mandible with incisor and p4–m3, No. 10794 (holo-
type), Collection München 1937 (Dehm 1950: Abb. 90a–c).

Type Locality Wintershof–West, Bavaria, Germany, Lower Miocene [MN3].

Distribution Early–middle Miocene of Europe.

Occurrences in Greece Karydia.

Remarks Dehm (1950), in his original diagnosis, mentioned that this species is 
similar to Glirulus elegans but smaller, with a molariform p4 bearing seven ridges 
and m1–3 with numerous ridges and the anterior valley (between anterolophid and 
metalophid) with three anterior extra ridges. De Bruijn (1966) transferred the spe-
cies in his genus Glirudinus, which differs from Glirulus in the absence from the 
upper cheek teeth of an endoloph and decoration on the lingual side, as well as the 
±45° angle formed by the ridges with the longitudinal axis of the teeth. G. gracilis 
is mentioned in the faunal list of the Lower Miocene locality Karydia without addi-
tional information (Theocharopoulos 2000).

Fig. 8 Glirudinus euryodon from Aliveri (type locality). a M1, b M2 (holotype), c M3, d m1, e 
m2. Images courtesy of H. de Bruijn. All specimens figured as left; a, c–e are reversed. Scale bar 
equals 1 mm
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Glis Brisson, 1762

Type Species Sciurus glis Linnaeus, 1766 (only extant species in genus).

Other Taxa Included (extinct) G. sussenbornensis Soergel, 1919; G. sackdillin-
gensis (Heller, 1930); G. minor Kowalski, 1956; G. major de Bruijn and Rümke, 
1974; G. truyolsi Daams, 1976; G. apertus Mayr, 1979; G. vallesiensis Agustí, 
1981; G. galitopouli van der Meulen and de Bruijn, 1982; G. guerbuezi Ünay, 1990; 
G. transversus Ünay, 1994; G. mihevci Aguilar and Michaux, 2011; G. perkoi 
Aguilar and Michaux, 2011.

Distribution Late Oligocene (MP 28)–present of Europe with a gap in MN5–8.

Remarks Glis glis fossil material is present in the Upper Pleistocene localities 
Loutra Almopias Cave LAC and LAC Ia, consisting in total of one d4, three p4, 10 
m1, five m2, six m3, two P4, six M1, three M2, three M3, two M1/2 fragments and 
one partial maxilla with M2–3 (Chatzopoulou 2014). The large size of the teeth, the 
slightly elevated tooth edges, the square M1–2 with a centroloph, the presence of 
both anterior and posterior centroloph on the M3 and the strong centrolophid on the 
lower molars led Chatzopoulou (2014:236) to that identification. Two molars of a 
large-sized dormouse from Ravin Voulgarakis have been assigned to Glis aff. glis; 
the M2 is morphologically similar to the extant species, but the M3 is less complex 
than that of G. glis, which show an anterior and a posterior extra ridge, as well as an 
anterior centroloph, ridges absent from the Ravin Voulgarakis M3 (Koliadimou 1996).

Glis n. sp. has been reported in the faunal list of the locality Kaiafas by van der 
Meulen and van Kolfschoten (1986). Van der Meulen and de Bruijn (1982:503) had 
already mentioned that some of the molars from fissure deposits near Kaiafas are 
almost as flat as in recent Glis, whereas other molars are as concave as in Glis gali-
topouli, and that there are extra ridges on the Kaiafas molars apart from the seven 
normally present in Glis. However, no new species has been erected up to now for 
the Kaiafas material. A poor glirid assemblage from the Biharian locality 
Tourkobounia 2, consisting of one p4, one m1, one m2 and two P4, with dimensions 
intermediate between G. sackdillingensis and G. glis, has been assigned to Glis sp. 
(van den Meulen and Doukas 2001). On one P4 there are six ridges and on the other 
one seven; the p4 is two-rooted and shows five ridges; on the m1 there are seven 
ridges plus an extra small one between the mesolophid and the centrolophid; the m2 
has seven ridges (van den Meulen and Doukas 2001:262).

★Glis galitopouli van der Meulen and de Bruijn, 1982

Type Material Left M2, AL 1596 (holotype) (van der Meulen and de Bruijn 1982: 
Pl. 1.5).

Type Locality Aliveri, Greece, Lower Miocene [MN4].
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Distribution Early Miocene of Greece, Switzerland and Turkey (Keseköy, 
Sabuncubeli).

Occurrences in Greece Aliveri and Karydia.

Remarks This small Glis species has been created based on an assemblage from 
Aliveri (Fig. 9) consisting of one d4, four p4, 10 m1, 12 m2, 22 m1/2, 10 m3, one 
D4, five P4, seven M1, 13 M2, 20 M1/2 and 10 M3. According to the species diag-
nosis, the protoloph, metaloph and posteroloph are usually connected lingually on 
the upper molars, both upper and lower molars have relatively high crowns, concave 
occlusal surface and bear nine ridges (van der Meulen and de Bruijn 1982:500). 
G. galitopouli is also mentioned in the faunal list of the locality Karydia 
(Theocharopoulos 2000), without details on the material.

Glis minor Kowalski, 1956

Nomenclatural and Taxonomical History Glis sackdillingensis minor in 
Kowalski 1956 (new subspecies); Glis minor in Kretzoi 1959 (elevated to spe-
cies level).

Fig. 9 Glis galitopouli from Aliveri (type locality). a M1, b M2 (holotype), c M3, d m1, e m2, f 
m3. Images courtesy of H. de Bruijn. All specimens figured as left; c is reversed. Scale bar 
equals 1 mm
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Type Material Partial mandible with p4 and m1 (holotype) (Kowalski 1956: Pl. 
IV.8, Fig. 2.f).

Type Locality Podlesice, Poland, Pliocene [MN14].

Distribution Late Miocene–Early Pleistocene of C and E Europe.

Occurrences in Greece Komanos 1 low A and B, Notio 1, Tourkobounia 1.

Remarks Kowalski (1956) did not give a diagnosis for his new species, but he 
described the type mandible and one isolated M1 from the type locality, possibly of 
the same individual. All elements are characterized by their small dimensions; the 
M1 is three-rooted, with the four main ridges slightly oblique and bent backwards 
on the lingual edge; the p4 bears only the main ridges, which are strongly curved 
backwards in the middle of the tooth; the m1 shows four main ridges, of which the 
posterolophid is the weakest (Kowalski 1956:385–386).

G. minor is present in the localities Komanos 1 low A and B and Notio 1, with 
one m2 and one m1, respectively (Hordijk and de Bruijn 2009). The m1 from Notio 
1 has one extra ridge in the anterior and one extra ridge connected to the entoconid 
in the posterior valley, both of which are as long as the main ridges. The centrolo-
phid is connected to the entoconid and the mesoconid, but not to the metaconid. The 
m2 from Komanos is similar to the Notio m1, but the centrolophid is short and does 
not reach the labial and lingual molar edges and the anterior extra ridge is thin 
(Hordijk and de Bruijn 2009:66).

De Bruijn and van der Meulen (1975) assigned an assemblage from Tourkobounia 
1 (one d4, one m1, three m2, two m3, one P4, nine M1–2) to G. sackdillingensis. 
The d4 is flat, with incomplete meso- and metalophid and a low extra ridge between 
the meso- and posterolophid; the lower molars show the four main ridges, a long 
centrolophid, one long extra ridge in the anterior and one more in the posterior val-
ley; on the P4 the protoloph and metaloph are separated lingually, a long posterior 
extra ridge and a short anterior one are present between the protoloph and the meta-
loph, whereas there is an extra ridge between the protoloph and the anteroloph and 
one more between the metaloph and the posteroloph; the upper molars show the 
four main ridges, a long anterior centroloph, one extra ridge between the anteroloph 
and the protoloph and one more between the metaloph and the posteroloph (de 
Bruijn and van der Meulen 1975:334). The authors argued that Glis minor is a junior 
synonym of G. sackdillingensis. However, the synonymy between the species was 
never followed by subsequent authors, and Daams and de Bruijn (1995), in their 
paper on the classification of glirids based on the dental morphology, retain both 
species as valid. As the size of the dental elements from Tourkobounia 1 falls within 
the range of G. minor (e.g., size of molars from Komanos 1 low and Notio 1  in 
Hordijk and de Bruijn 2009:66, and from type locality of species Podlesice in de 
Bruijn and van der Meulen 1975:335) and is much smaller than that of G. sackdill-
ingensis (e.g., size of dental elements from type locality of species Sackdillinger 
Höhle in de Bruijn and van der Meulen 1975:335), the Tourkobounia 1 material 
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should be assigned to G. minor, since the morphological features show similarities 
with both species.

G. cf. minor is reported from Lava 2 without further information on the material 
(de Bruijn et al. 1999) and also from Maramena, with only one M2, which is mor-
phologically similar to G. minor (slightly concave, three-rooted, with four long 
ridges reaching the labial and lingual borders and three short ones that reach only 
the labial border) but slightly larger than the material from the type locality and 
from Węże (Daxner-Höck 1995:109).

Glis sackdillingensis (Heller, 1930)

Nomenclatural and Taxonomical History Myoxus glis sackdillingensis in Heller 
1930 (new subspecies); Glis sackdillingensis in Heller 1933 (new combination). 
Glis antiques Kormos 1930 is its junior synonym according to de Bruijn and van der 
Meulen (1975:335).

Type Material Mandibles and limb bones (Heller 1930: Plate XVI. 5a–b, 6).

Type Locality Sackdillinger Höhle, Germany, Pleistocene.

Distribution Pliocene–Pleistocene of Germany, Hungary and Greece.

Occurrences in Greece Kaiafas.

Remarks The species was based only on lower jaws and a few limb bones from the 
Early Pleistocene Sackdillinger Höhle, and its only distinctive character is the size 
of the elements, which are smaller than those of the extant G. glis (Kowalski 1963). 
Van den Meulen and van Kolfschoten (1986) included G. sackdillingensis in the 
faunal list of the Biharian locality Kaiafas, but without any additional information.

Muscardinus Kaup, 1829
(= Eomuscardinus Hartenberger, 1966 = Pentaglis Kretzoi, 1943, according to 
Daams and de Bruijn 1995)

Type Species Mus avellanarius Linnaeus, 1758 (only extant species of genus).

Other Taxa Included (extinct) M. sansaniensis (Lartet, 1851); M. dacicus Kormos, 
1930; M. pliocaenicus Kowalski, 1963; M. davidi Hugueney and Mein, 1965; 
M. vireti Hugueney and Mein, 1965; M. hispanicus de Bruijn, 1966; M. thaleri de 
Bruijn, 1966; M. vallesiensis Hartenberger, 1966; M. heintzi Aguilar, 1981; M. cyclo-
peus Agustí, Moyà Solà and Pons-Moyà, 1982; M. helleri Fejfar and Storch, 1990; 
M. topachevskii Nesin and Kowalski, 1997; M. meridionalis García-Alix, Minwer- 
Barakat, Martín-Suárez and Freudenthal, 2008.

Distribution Middle Miocene–present of Europe and Turkey.
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Remarks One p4 from Pikermi (Chomateri) has been assigned to Muscardinus 
sp.; it resembles the p4 of M. hispanicus, showing four complete transverse ridges, 
but is much larger than that (de Bruijn 1976). One P4 and one M1 from Agios 
Ioannis (Karpathos Island) have been identified as Muscardinus sp.: the M1 has four 
roots and six ridges, like that of M. vireti, and the dental pattern of the P4 agrees 
with that of M. pliocaenicus and the extant M. avellanarius; both teeth have the 
same size with the teeth of the extant M. avellanarius (Daams and van de Weerd 
1980:328). Fossil assemblages of the only extant species M. avellanarius have been 
described from the Upper Pleistocene localities Loutra Almopias Cave LAC (one 
m3, one M1, one M2) and LAC la (one M1, two M2); the dental elements are simi-
lar to those of M. avellanarius from the Upper Pleistocene locality Nixloch (Austria) 
(Chatzopoulou 2014:242).

Muscardinus hispanicus de Bruijn, 1966

Nomenclatural and Taxonomical History Muscardinus pliocaenicus hispanicus 
in de Bruijn 1966 (new subspecies); Muscardinus hispanicus in van de Weerd 1976 
(elevated to species level). Muscardinus crusafonti Hartenberger, 1966 is consid-
ered its junior synonym by Daams (1985:12).

Type Material Left m1, no. PEC2008 (holotype) (de Bruijn 1966: Pl. 1.10).

Type Locality Pedregueras II C, Spain, Upper Miocene [Vallesian].

Distribution Late Miocene of Europe.

Occurrences in Greece Kastellios 1.

Remarks According to the diagnosis by de Bruijn (1966:368), the p4 is small and 
shows four ridges, the m1–2 have six complete ridges, the m1 is two-rooted, the 
m2–3 are three-rooted, the P4 bears only three ridges and one root and the upper 
molars are all three-rooted. One m2 from Kastellios 1, with flat occlusal surface and 
six ridges, was originally identified as M. cf. crusafonti by de Bruijn and Zachariasse 
(1979:222), but is here listed as M. cf. hispanicus due to their synonymy.

Muscardinus vireti Hugueney and Mein, 1965

Type Material Left M1, No. 65228 (holotype) (Hugueney and Mein 1965: 
Plate 3.64).

Type Locality Lissieu, France, Upper Miocene [MN13].

Distribution Late Miocene of Spain, France, Italy and Greece.

Occurrences in Greece Lava 2.

The Fossil Record of Rodents (Mammalia: Rodentia) in Greece



446

Remarks The diagnosis by Hugueney and Mein (1965) mentions that this is a 
small species with relatively wide teeth, the upper molars are rectangular with a 
number of ridges, the M1 is slightly longer than the M2 and the lower molars are 
quite similar to those of Quaternary species. M. cf. virety is mentioned in the faunal 
list of Lava 2 by de Bruijn et al. (1999), but without details on the material.

Muscardinus pliocaenicus Kowalski, 1963

Type Material A damaged mandible with m1–m2, the alveoli of p4 and m3 and 
broken incisor, no. MF (636) 63 (holotype), Institute of Systematics and Evolution 
of Animals of the Polish Academy of Sciences, Krakow (Kowalski 1963: 
Fig. 4.A–B).

Type Locality Węże, Poland, Upper Pliocene [MN15].

Distribution Late Miocene–Pleistocene of Europe.

Occurrences in Greece Maramena.

Remarks Kowalski (1963) did not give a diagnosis for the species, but he described 
the holotype in detail: the m1 and m2 show six ridges, all parallel on the m1 and 
slightly curved anteriorly on the m2; based on its alveoli, the m3 has either three 
roots with the posterior one bifurcated at its end or four roots; the mandible struc-
ture resembles that of the extant M. avellanarius but it is finer; the teeth are smaller 
than those of M. avellanarius and have the same width along their whole length, in 
contrast with M. avellanarius (Kowalski 1963:538–539). Further, the material from 
the type locality is characterized by very short p4 with two ridges forming a horse-
shoe and an indication of a third one on the anterior margin, three roots on the m1 
and four on the m2, m3 with six ridges, M1 with five widely spaced ridges, M2 with 
four roots, six enamel ridges and a longitudinal ridge on the lingual margin 
(Kowalski 1963:539). Three m1 and one m2 from Maramena have been assigned to 
M. pliocaenicus; the molars have flat occlusal surface and six transverse ridges run-
ning along the whole width; the two middle ridges end free on both labial and lin-
gual borders; the m1 has three and the m2 four roots (Daxner-Höck 1995:109).

Seorsumuscardinus de Bruijn, 1998
(= Heissigia Prieto and Böhme, 2007, according to Prieto 2009)

Type Species Seorsumuscardinus alpinus de Bruijn, 1998.

Distribution Early Miocene of Switzerland, Austria, Germany, Serbia and Greece.

Seorsumuscardinus alpinus de Bruijn, 1998

Taxonomical History Heissigia bolligeri Prieto and Böhme, 2007 is considered as 
its junior synonym, according to Marković et al. (2016).
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Type Material Left M1, NHMW 1997z0201/0002/1(holotype) (de Bruijn 1998: 
Pl. 5.8).

Type Locality Oberdorf 4, Austria, Lower Miocene [MN4].

Distribution Early Miocene of Switzerland, Austria, Germany, Serbia and Greece.

Occurrences in Greece Karydia 2.

Remarks According to the diagnosis of the species, the P4 has four ridges, the M1 
five, the M2 six and the M3 seven. Additional characteristics are P4 with two roots, 
oval shape and four sub-parallel ridges, M1–2 with three centrally placed roots, p4 
with one root and lower molars with two or three roots (de Bruijn 1998:112). S. alpi-
nus appears in the faunal list of Karydia 2 (de Bruijn 1998; Theocharopoulos 2000; 
Doukas 2003), but there is no additional information on the material.

 Subfamily Myomiminae Daams, 1981

Type Genus Myomimus Ognev, 1924.

Miodyromys Kretzoi, 1943
(= Ramys García-Moreno and López Martínez, 1986, according to Marković 
et al. 2016)

Type Species Dryomys hamadryas Forsyth Major, 1899.

Other Taxa Included M. prosper (Thaler, 1966); M. multicrestatus (de Bruijn, 
1966); M. aegercii (Baudelot, 1972); M. biradiculus Mayr, 1979; M. vagus Mayr, 
1979; M. hugueneyae Agustí and Arbiol, 1989; M. praecox Wu, 1993; M. gryciven-
sis Nesin and Kowalski, 1997; M. asiamediae Maridet et al., 2011.

Distribution Miocene of Europe, Turkey, Kazakhstan and China.

Miodyromys praecox Wu, 1993

Type Material Left mandible with p4–m3, BSP 1980 XXXII 1974 (holotype) (Wu 
1993: Abb. 13).

Type Locality Stubersheim 3, Germany, Lower Miocene [MN3].

Distribution Early Miocene of Germany and maybe Greece.

Occurrences in Greece Karydia.
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Remarks According to Wu’s (1993) diagnosis, the species has two-rooted lower 
molars and complex morphology, very often with an extra ridge between the centro- 
and mesolophid of the m1–m2. M. cf. praecox is in the faunal list for Karydia 
(Theocharopoulos 2000), but with no additional information.

Miodyromys multicrestatus (de Bruijn, 1966)

Nomenclatural and Taxonomical History Peridyromys multicrestatus in de 
Bruijn 1966 (new species); Myomimus multicrestatus in de Bruijn et al. 1970 (new 
combination); Vasseuromys multicrestatus in Mein 1983 (new combination); Ramys 
multicrestatus in García–Moreno and López Martínez 1986 (new combination); 
Miodyromys multicrestatus in Marković et al. 2016 (new combination).

Type Material Left M1/2, Nr. PEA 232 (holotype) (de Bruijn 1966: Pl. II, fig. 22).

Type Locality Pedregueras IIA, Spain, Upper Miocene [MN9].

Distribution Middle–late Miocene of Spain, France, Moldova, Serbia and Greece.

Occurrences in Greece Biodrak.

Remarks According to de Bruijn’s (1966) diagnosis, the centrolophid becomes 
gradually shorter from the m1 to the m3, the m1 has more extra ridges than the 
m2–3 and all the lower molars have three roots and at least two extra ridges. M. mul-
ticrestatus has been described from the Vallesian locality Biodrak (as Myomimus 
multicrestatus), represented by two d4, two p4, three m1, one m2, one P4 and five 
M1/2; the dental elements are very similar to the ones from the species’ type local-
ity, one small difference being the higher number of lower molars with an anterior 
extra ridge in the Biodrak assemblage, but this could also be a misapprehension due 
to the small number of specimens (de Bruijn 1976).

Myomimus Ognev, 1924
(= Peridyromys Stehlin and Schaub, 1951, according to de Bruijn et al. 1970 
and Marković et al. 2016)

Type Species Myomimus personatus Ognev, 1924 (extant).

Included Taxa Extant: M. roachi (Bate, 1937); M. setzeri Rossolimo, 1976. 
Extinct: M. murinus (Pomel, 1853); M. dehmi (de Bruijn, 1966); M. judaicus 
Tchernov, 1968; M. maritsensis de Bruijn, Dawson and Mein, 1970; M. qafzensis 
(Haas, 1973); M. aquatilis (de Bruijn and Moltzer, 1974); M. jaegeri (Aguilar, 
1974); M. sumbalenwalicus Munthe, 1980; M. sinensis Wu, 1985; M. columbarii 
(Daams, 1989); M. turbatus (Daams and de Visser, in Álvarez-Sierra et al., 1990); 
M. lavocati (Peláez-Campomanes and Daams, 2002).

Distribution Late Oligocene–present of Europe and Asia.
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Remarks The extant Myomimus roachi has been reported from several Greek Plio- 
Pleistocene localities. Van der Meulen and van Kolfschoten (1986) mentioned its 
presence at the localities Rema Aslan, Kastoria 2 and Lagkada, without giving 
information on the assemblages. A rich collection from the Biharian locality 
Kalymnos-Xi, consisting of two d4, four p4, 10 m1, eight m2, two m3, one D4, four 
P4, 20 M1/2 and eight M3, has been attributed to M. roachi by Kuss and Storch 
(1978). The molars are very simple; only five of 20 M1/2 and three of eight M3 have 
short-to-medium-length centroloph; two out of eight m1 show very short and all the 
m2 a short-to-medium-length centrolophid; only one m2 has a posterior extra ridge 
(Kuss and Storch 1978:212). The species is also present in Latomi 1, with one d4, 
23 m1, six m2, four m3, one D4, four P4, 11 M1, 10 M2 and three M3 (Storch 
1975:168) and in the sub-recent cave deposits of Pili, with one m1, two m2, one m3, 
five M1 and two M2 (Daams 1981). Van der Meulen and van Kolfschoten (1986) 
included M. cf. roachi in the faunal list for the locality Limni 6; de Bruijn and van 
der Meulen (1979) had previously reported M. roachi in their faunal list for Limni 
6; since details on the assemblage have not been published, the identification is 
unclear, but we here list the most recent identification. Finally, a small collection of 
M. roachi molars (one m1, two m3, two M1, two M2) is available from the locality 
Tourkobounia 2: the upper molars lack a complete endoloph; the M1 has three roots, 
one specimen shows only the four main ridges and the second one shows an addi-
tional short anterior centroloph; one M2 has three roots and the other one four, one 
has a short anterior centroloph additional to the four main ones and the other one has 
two centrolophs; the m2 has three roots and bears a weak centrolophid reaching the 
middle of its width; all m3 show a short centrolophid and a long mesolophid reach-
ing the labial crown edge (van der Meulen and Doukas 2001:258).

Fossil assemblages of the extant masked mouse-tailed dormouse Myomimus per-
sonatus are known from the Pleistocene locality Varkiza 2 (one m1 and one m2) 
described by van de Weerd (1973) and the Middle Pleistocene Petralona cave (one 
m3 and one M2) described by Sickenberg (1971).

The oldest Myomimus sp. assemblage in Greece has been found in the middle 
Miocene locality Thymiana A, reported as Peridyromys sp. by de Bonis et  al. 
(1997:268), without information on the material. One small m2 with the four main 
ridges and two secondary ones from the middle Miocene locality Chryssavgi 1 has 
been assigned to Myomimus sp. by Koliadimou (1996). One m2, one D4, one P4 and 
two M3 from the Biharian locality Ravin Voulgarakis have been attributed to 
Myomimus sp.: the dental elements are small, with a concave occlusal surface and a 
simple dental pattern, and bear only the four main ridges (D4) or those plus a small 
one (m2, P4 and M3) (Koliadimou 1996). Myomimus sp. is also mentioned by van 
der Meulen and van Kolfschoten (1986) in the faunal lists of the localities Damatria 
and Kardamena.

★Myomimus maritsensis de Bruijn, Dawson and Mein, 1970

Type Material Right M1–2, no. 1014 (holotype) (de Bruijn et al. 1970: Pl. 7.2).
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Type Locality Maritsa 1, Rhodes Island, Greece, Upper Miocene [Turolian 
(MN13)].

Distribution Late Miocene–Pliocene of Greece, Ukraine and Turkey.

Occurrences in Greece Maritsa 1, Monasteri, Kessani, Ano Metochi 2–3, 
Maramena, Nea Silata, Spilia 3–4 and Notio 1.

Remarks The species is represented in its type locality (Fig. 10) by two d4, 10 p4, 
29 m1, 30 m2, 26 m3, four D4, 10 P4, 30 M1/2 and 17 M3 (including the holotype) 
and was erected based on the similarity of its dentition with that of the extant M. per-
sonatus and its relatively large P4. The P4 has the four main ridges, although the 
anteroloph looks more like a parastyle, plus incipient centroloph(s) in three out of 
10 specimens; the M1–2 always show an anterior centroloph and a posterior one is 
present in 16 of the 30 specimens; the M3 shows one or two centrolophs; the m1 and 
m2 bear the four main ridges (antero-, meta-, centro-, posterolophid) plus an extra 
ridge between the ento- and the posterolophid in 18/29 m1 and 19/30 m2 (de Bruijn 
et al. 1970:565–566).

M. maritsensis has been described from many Greek localities. The species is in 
the faunal lists for Ano Metochi 2–3 (M. cf. maritsensis in de Bruijn and van der 
Meulen 1979) and Spilia 3–4 (van der Meulen and van Kolfschoten 1986), but there 
is no additional information on the material from the two localities. Maramena has 
yielded the richest assemblage, consisting of 2 incomplete dentitions and 247 teeth 

Fig. 10 Myomimus maritsensis from Maritsa 1 (type locality). a P4, b M1/2 (holotype), c M3, d 
p4, e m1, f m2, g m3. Images courtesy of H. de Bruijn. All specimens are reversed and figured as 
left. Scale bar equals 1 mm
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in total, whereas the assemblage from Monasteri includes 2 incomplete dentitions 
and 57 teeth (Daxner-Höck 1995:106). In the fauna from Nea Silata there are 30 
dental elements that morphologically and metrically resemble the Maritsa 1 mate-
rial (Vasileiadou et al. 2003). M. maritsensis has also been yielded in Kessani, with 
one m1/2 and two M1/2 (Vasileiadou et  al. 2012). M. aff. maritsensis has been 
described from Notio 1, represented by one m1, one m2, one m3, one P4, two M1/2 
and two M3; the dental elements are very similar to those of M. maritsensis but are 
significantly larger than any teeth ever assigned to this species (Hordijk and de 
Bruijn 2009:66).

Myomimus dehmi (de Bruijn, 1966)

Nomenclatural and Taxonomical History Peridyromys dehmi in de Bruijn 1966 
(new species); Myomimus dehmi in de Bruijn 1976 (new combination).

Type Material Left m1, no. PEC 2172 (holotype) (de Bruijn 1966: Pl. II.5).

Type Locality Pedregueras IIC, Spain, Upper Miocene.

Distribution Late Miocene of Europe and Turkey.

Occurrences in Greece Katheni, Lefkon and Chomateri.

Remarks According to de Bruijn’s (1966) diagnosis, the upper cheek teeth are 
identical to those of Peridyromys murinus (now Myomimus murinus), the centrolo-
phid gets successively shorter from the m1 to the m3, the lower molars are three- 
rooted with an extra ridge in the posterior valley, whereas the upper molars have 
only the four main ridges and two centrolophs of various length. One m1 and four 
M1/2 from Lefkon had been previously assigned to Myomimus maritsensis, 
Vasseuromys pannonicus and Eliomys cf. truci by de Bruijn (1989:text–fig. 3), due 
to morphological and metrical variety, but Daxner-Höck (1995:104) included them 
all to Myomimus dehmi. The species is also reported in the faunal list of Katheni, 
with no information on the material (de Bruijn and van der Meulen 1979). One p4, 
five m1, four m2, one m3, one P4 and six M1/2 from Pikermi (Chomateri) have 
been assigned to Myomimus cf. dehmi by de Bruijn (1976), as they are very similar 
to the material from the type locality (three-rooted lower molars with a posterior 
extra ridge, upper molars with only the four main ridges), but larger.

Dryomimus Kretzoi, 1959

Type Species Dryomimus eliomyoides Kretzoi, 1959.

Distribution Pliocene–Pleistocene of Europe and Turkey.

Dryomimus eliomyoides Kretzoi, 1959

Type Material Kretzoi never designated or figured a holotype for the species.
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Type Locality Csarnota–4, Hungary, Pliocene [MN15].

Distribution Pliocene–Pleistocene of Europe (Romania, Hungary, Moldova, 
Bulgaria, Greece) and Turkey.

Occurrences in Greece Kastoria 1 and Tourkobounia 1.

Remarks There is no official diagnosis neither for the genus nor for the species 
given by Kretzoi; however, he mentioned some important features of his new taxon: 
P4 rather unreduced, upper molars with Miodyromys-like lingually separated 
 protoloph, lower molars with dental features between Dryomys and Myomimus 
(Kretzoi 1959:240). De Bruijn and van der Meulen (1975:333) gave some charac-
ters for Dryomimus: medium-sized glirid with three-rooted lower molars, M1–2 
with a posterior centroloph longer than the anterior one, the majority of the M1–2 
belonging to Daams’ (1974) morphotype D, the majority of the M3 to morphotype 
Y, the majority of the m1–2 belonging to morphotype M and the majority of the m3 
to morphotype R.

D. aff. eliomyoides has been described by de Bruijn and van der Meulen (1975) 
from the locality Tourkobounia 1, represented by four d4, seven p4, 20 m1, 12 m2, 
12 m3, four D4, six P4, 24 M1/2 and nine M3. After comparison with a small sam-
ple from the type locality of the species, the Csarnota dental elements were found to 
possess extra ridges more often than the Tourkobounia ones, hence the assignment 
to D. aff. eliomyoides (de Bruijn and van der Meulen 1975:334). D. cf. eliomyoides 
is mentioned in the faunal list for the locality Kastoria 1 by van der Meulen and van 
Kolfschoten (1986), with no information on the material.

 Family Castoridae Gray, 1821

Type Genus Castor Linnaeus, 1758.

Remarks Remains of Castoridae indet. have been reported from the Upper 
Miocene localities Lefkon and Maramena (de Bruijn 1989 and Schmidt-Kittler 
et al. 1995, respectively) and from the Pliocene localities Komanos 1 high A and B, 
Vorio 3 and 3A and Notio 1 (Hordijk and de Bruijn 2009).

Chalicomys Kaup, 1832

Type Species Chalicomys jaegeri Kaup, 1832.

Other Taxa Included (according to Casanovas-Vilar and Alba 2011): C. catalau-
nicus (Baraller, 1838); C. subpyrenaicus (Lartet, 1851); C. adroveri (Aldana 
Carrasco, 1992); C. batalleri Casanovas-Vilar et al., 2008.
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Distribution Middle–late Miocene (Astaracian–Turolian) of Europe and Turkey.

Chalicomys jaegeri Kaup, 1832

Taxonomical History Considered the senior synonym of Palaeomys castoroides 
Kaup, 1832, according to Hugueney (1999); of Chelodus typus Kaup, 1832, accord-
ing to Casanovas-Vilar et al. (2008); of Castor vidali Crusafont et al., 1948, accord-
ing to van de Weerd (1976); and of Palaeomys plassi (Storch in Franzen and Storch, 
1975), according to Casanovas-Vilar and Alba (2011).

Type Material The material from the type locality includes one partial mandible 
with all cheek teeth, one partial maxilla with the M1–2 and eight isolated cheek 
teeth (Kaup 1832); no holotype has been designated.

Type Locality Eppelsheim, Germany, Upper Miocene [Vallesian (MN9)].

Distribution Late Miocene (Vallesian–Turolian) of Europe and Turkey.

Occurrences in Greece Serrae.

Remarks The morphological features of the species are given by Hugueney 
(1999): the dental elements are as large as those of Castor and even larger; their 
height is more than twice their length (high degree of hypsodonty); the upper teeth 
show four labial ridges, the lower ones show normally four lingual ridges but pro-
parafossetids are often present in early wear stages; the hypostria/-striid reach the 
crown basis; the para-, meso- and metastria/-striid are long but stop far from the 
crown basis; the mesostria/-striid are longer than the others, and in the P4 and p4 the 
parastria and parastriid are longer than the metastria and metastriid; the P4 is the 
longest cheek tooth and the M3 is not longer than the M1–2; the incisor shows a 
sub-triangular cross section and thin enamel; the synclines are completely filled 
with cement even in early wear stages; the parastriid of the p4 is long and persists 
even after the closure of the mesoflexid of the m1–2. One fragmented left maxilla 
with the P4–M3 found inside a lignite layer in the area north of the city of Serrae (N 
Greece) has been assigned to C. jaegeri by Melentis (1966).

Castor Linnaeus, 1758

Type Species Castor fiber Linnaeus, 1758 (extant).

Other Taxa Included (extant) C. canadensis Kuhl, 1820; (extinct species of 
Europe) C. neglectus Schlosser, 1902. [C. praefiber Depéret, 1897 and C. plicidens 
Major, 1874, both described as extinct species of Europe, are considered to be junior 
synonyms of C. fiber by van de Weerd (1979)].
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Distribution Oligocene–present in Asia and N America, late Miocene (Vallesian)–
present in Europe; the extant Eurasian beaver C. fiber is also found in Pliocene and 
Pleistocene localities.

Remarks The feature mostly distinguishing C. fiber isolated cheek teeth from 
those of other fossil castorids is the absence of roots and the presence of annual lay-
ers of cement below the crown in teeth of old individuals (van de Weerd 1979). 
Several isolated dental elements, partial jaws and one partly damaged humerus of a 
young individual from the localities Kardia, Ptolemais 1 and Ptolemais 3 have been 
described as C. fiber by van de Weerd (1979). Furthermore, dental elements of the 
species from the locality Apolakkia–2 (Rhodes Island) have been described by van 
de Weerd et  al. (1982). The species has also been reported from the localities 
Choremi 2 (one specimen), Choremi 3 (12 specimens) and Choremi 4 (one speci-
men); the teeth are smaller than those of the extant species, but similar in size with 
Middle Pleistocene material from Germany (van Vugt et al. 2000:74). Dental and 
postcranial elements of C. fiber have also been found in the locality Marathousa 1 
(Peloponnese); the straight anterior margin, smooth enamel and triangular cross 
section on the lower incisors, the long and deep striiae/striids on the high-crowned 
cheek teeth and the wide caput humeri attached to the tuberculum majus character-
ize the material (Konidaris et al. 2018). The presence of Castor sp. has been reported 
from Sesklon by Symeonidis (1992); however, since the only available material is 
one lower incisor (no. 75S) and the faunal list as well as the sedimentological data 
for the locality do not advocate for the presence of a lake, on the contrary show 
“open and rather dry” environment (Athanassiou 2018), this report is here regarded 
as inaccurate (see below).

 Family Dipodidae Fischer de Waldheim, 1817

Type Genus Dipus Zimmermann, 1780.

 Subfamily Sicistinae Allen, 1901

Type Genus Sicista Gray, 1827.

Sicista Gray, 1827

Type Species Mus subtilis Pallas, 1773 (extant).

Other Taxa Included Extant: S. betulina Pallas, 1779; S. concolor (Büchner,1892); 
S. tianshanica (Salensky, 1903); S. caudata Thomas, 1907; S. napaea Hollister, 
1912; S. caucasica Vinogradov, 1925; S. strandi (Formozov, 1931); S. severtzovi 
Ognev, 1935; S. pseudonapaea Strautman, 1949; S. kluchorica Sokolov et al., 1980; 
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S. kazbegica Sokolov et  al., 1986; S. armenica Sokolov and Baskevich, 1988. 
Extinct: S. praeloriger Kormos, 1930; S. bagajevi Savinov, 1970; S. pliocaenica 
Erbajeva, 1976; S. wangi Qiu and Storch, 2000; S. primus Kimura, 2011.

Distribution Early Miocene–present in Eurasia and Africa. The extant S. betulina 
and S. subtilis are also found in Pleistocene European localities.

Remarks The extant southern birch mouse S. subtilis has been located in various 
Greek Pleistocene localities, with only a few dental elements in each. It is mainly 
recognized among other Sicista species through its brachyodont molars with simple 
morphology. Koliadimou (1996) described one M1, two M2 and two M3 of S. sub-
tilis from the Biharian fauna of Ravin Voulgarakis. One m1 has been found in the 
Biharian fauna of Marathoussa (N Greece) and has been assigned to S. cf. subtilis 
due to the similarity with the species but scarcity of the material (Koufos et  al. 
2001). One m1, one m2, two m3 and one M2 have been found in the Middle 
Pleistocene locality Latomi 1; their size and simple morphology are identical to 
those of the recent species (Storch 1975). The Upper Pleistocene locality Arnissa 
has yielded one m1, two m2, one M1 and two M2 of S. subtilis (Mayhew 1978). 
Finally, Chatzopoulou (2014) has described one fragmented m1 and one m2 of 
S. subtilis from the Upper Pleistocene locality Loutra Almopias Cave LAC.

 Subfamily Allactaginae Vinogradov, 1925

Type Genus Allactaga Cuvier, 1836.

Allactaga Cuvier, 1836

Type Species Dipus major Kerr, 1792 (extant).

Other Taxa Included Extant: A. sibirica (Forster, 1778); A. tetradactyla 
Lichtenstein, 1823; A. elater (Lichtenstein, 1828); A. euphratica Thomas, 1881; 
A. hotsoni Thomas, 1920; A. bullata G. M. Allen, 1925; A. severtzovi Vinogradov, 
1925; A. vinogradovi Argyropulo, 1941; A. balikunica Hsia and Fang, 1964; 
A.  firouzi Womochel, 1978. Extinct: A. anderssoni (Young, 1927); A. suni (Teilhard 
and Young, 1931); A. varians (Savinov, 1970); A. minor (Zheng, 1982); A. irgizensis 
Zazhigin and Lopatin, 2000; A. fru Nesin and Kovalchuk, 2017.

Distribution Late Miocene–present of Eurasia and N Africa. Many extant species 
can be found in Pleistocene localities.

Remarks The only fossils in Greece that can be attributed to Allactaga with cer-
tainty have been described from the Middle Pleistocene locality Latomi 1 (two m1, 
four m2, one P4, five M1, three M2 and two unidentifiable molar fragments; Storch 
1975). The size of the teeth falls within the ranges of both A. euphratica and A. ela-
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ter, and their morphology is identical to that of both extant species. Storch (1975) 
decided to preliminarily assign the Latomi 1 material to A. cf. euphratica based only 
on the recent geographical distribution of the two species, since currently A. euphra-
tica is found closer to the Aegean area than A. elater. One broken molar from the 
Middle Pleistocene locality Marathousa 1 (Peloponnese) has been assigned to 
?Allactaga indet., but the state of the molar does not permit a certain identification 
(Doukas et al. 2018).

 Family Muridae Gray, 1821

Note The division of Muridae in subfamilies suggested by de Bruijn (2010) has 
been used in the present work.

Type Genus Mus Linnaeus, 1758.

 Subfamily Paracricetodontinae Mein and Freudenthal, 1971a

Type Genus Paracricetodon Schaub, 1925.

Paracricetodon Schaub, 1925

Type Species Cricetodon spectabilis Schlosser, 1884.

Other Taxa Included P. cadurcensis (Schlosser, 1884); P. confluens Schaub, 1925; 
P. dehmi Hrubesch, 1957; P. walgeri Bahlo, 1975; P. kavakderensis Ünay-Bayraktar, 
1989; P. kodjayarmensis Ünay-Bayraktar, 1989 (according to van de Weerd et al. 
2018 P. kodjayarmensis considered to be a junior synonym of P. dehmi); P. wentgesi 
de Bruijn et al., 2003b (according to de Bruijn et al. 2003b, P. confluens seems to be 
a junior synonym of P. spectabilis); P. stojanovici van de Weerd et al., 2018; P. grac-
ilis van de Weerd et al., 2018.

Distribution Oligocene of Europe and Turkey.

Paracricetodon kavakderensis Ünay-Bayraktar, 1989

Nomenclatural and Taxonomical History Considered as a junior synonym of 
Paracricetodon dehmi Hrubesch, 1957, according to van de Weerd et al. (2018).

Type Material Left Ml (holotype), Mineral Research and Exploration General 
Directorate (M.T.A.), Ankara, Turkey (Ünay-Bayraktar 1989: Pl. I.4).

Type Locality Kavakdere, Turkey, Lower Oligocene [~MP24–25].
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Distribution Oligocene of Turkish Thrace and Greece.

Occurrences in Greece Kyprinos.

Remarks According to Ünay-Bayraktar’s (1989) diagnosis, this is a rather small 
Paracricetodon species, with well-developed anterior arms of the protocone and 
hypocone on the M1–2, a weak hypocone and a shallow sinus on the M3 and a 
strong posterior arm of the protoconid of the m3. Doukas and Theocharopoulos 
(1999) assigned three m1, four m2, five m3, five M1, 10 M2 and two M3 from the 
Upper Oligocene locality Kyprinos to P. aff. kavakderensis. The features of the 
Kyprinos species that differentiate it from the Turkish species are the much larger 
M3, the presence of the posterior arm of the protocone on the M1–2 and the absence 
of the posterior arm of the hypoconid from all five m3 (Doukas and Theocharopoulos 
1999). The authors attributed these differences to the younger age of the Kyprinos 
species in comparison to that of the Kavakderen one and suggested that the Kyprinos 
species is taxonomically between P. kavakderensis and P. kodjayarmensis but closer 
to the former species. Van de Weerd et al. (2018) demonstrated great size overlap-
ping between P. kavakderensis and P. dehmi from Bernloch, Germany, and in spite 
of the minor differences observed by Ünay-Bayraktar (1989), they consider them as 
possible synonyms.

 Subfamily Pseudocricetodontinae Engesser, 1987

Type Genus Pseudocricetodon Thaler, 1969.

Pseudocricetodon Thaler, 1969

Type Species Pseudocricetodon montalbanensis Thaler, 1969.

Other Taxa Included P. thaleri (Hugueney, 1969); P. philippi Hugueney, 1971; 
P. moguntiacus (Bahlo, 1975); P. simplex Freudenthal, Hugueney and Moissenet, 
1994; P. adroveri Freudenthal, Hugueney and Moissenet, 1994; P. nawabi Marivaux 
et al., 1999. De Bruijn et al. (2003b) consider Allocricetodon Freudenthal, 1994 as 
a junior synonym of Pseudocricetodon, and thus he included the species incertus 
Schlosser, 1884, landroveri Daams et al., 1989 and cornelii Freudenthal, 1994 to 
Pseudocricetodon, but other authors (e.g., Freudenthal et al. 2010) prefer maintain-
ing Allocricetodon as a separate genus.

Distribution Oligocene–early Miocene of Europe and Asia.

Pseudocricetodon moguntiacus orientalis Ünay-Bayraktar, 1989

Type Material Left ml (holotype), Mineral Research and Exploration General 
Directorate (M.T.A.), Ankara, Turkey (Ünay-Bayraktar 1989: Pl. VI.17).
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Type Locality Kocayarma, Turkey, Upper Oligocene [~MP25–MP26].

Distribution Late Oligocene of Turkey and Greece.

Occurrences in Greece Kyprinos.

Remarks The subspecies differs from P. moguntiacus moguntiacus through the 
absence of ridges connecting the mesoloph and metaloph from the M1–2 (Ünay- 
Bayraktar 1989). Freudenthal et al. (1994) consider orientalis Ünay-Bayraktar 1989 
to be a species of Lignitella Ünay-Bayraktar 1989, which was initially described as 
a subgenus of Pseudocricetodon by Ünay-Bayraktar (1989), but was considered to 
be a separate genus by Freudenthal et al. (1994). Here, however, we follow the ini-
tial taxonomy by Ünay-Bayraktar (1989). The very small late Oligocene Kyprinos 
assemblage, consisting of only two M1 and one M2 described by Doukas and 
Theocharopoulos (1999), is rather similar to P. moguntiacus orientalis from the type 
locality Kocayarma (Turkey), but show some differences, hence the assignment to 
P. moguntiacus cf. orientalis. The Kyprinos M1 shows a faint crest from the proto-
loph that ends against a small cuspule in the middle of the anterosinus. Furthermore, 
on both Kyprinos M1 the anterior arm of the protocone ends against the anterocone, 
whereas this feature is observed on only 22% of the type locality M1. This differ-
ence, according to Doukas and Theocharopoulos (1999), might imply that the 
Kyprinos species is slightly older than the Kocayarma one. One additional differ-
ence is that the Kyprinos M1 bears a transverse protoloph that ends against the 
posterior arm of the protocone, whereas in the Kocayarma M1 the protoloph usually 
connects to the entoloph (in 86% of the specimens, according to Ünay- 
Bayraktar 1989).

Kerosinia Ünay-Bayraktar, 1989

Type Species Kerosinia variabilis Ünay-Bayraktar, 1989.

Distribution Late Oligocene of Turkey and Greece.

Kerosinia variabilis Ünay-Bayraktar, 1989

Type Material Left Ml (holotype), Mineral Research and Exploration General 
Directorate (M.T.A.), Ankara, Turkey (Ünay-Bayraktar 1989: Pl. V.1).

Type Locality Kocayarma, Turkey, Upper Oligocene [~MP25–MP26].

Distribution Late Oligocene of Turkey and possibly Greece.

Occurrences in Greece Kyprinos.

Remarks According to the diagnosis of the species, the cheek teeth are low- 
crowned, the wear facets of the main cusps are leaning to the central basins, the 
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ectolophids of the lower molars are usually complete, the posterior arm of the pro-
toconid is usually present on the m2, the anterolophid shows a well-developed lin-
gual branch on the m2–3, the hypolophulid is often incomplete on the m3, the 
anterior arm of the M1 protocone is usually well-developed and ends free, the pro-
toloph on the M3 is complete and there is often a strong lingual cingulum on the M3 
(Ünay-Bayraktar 1989:49).

Doukas and Theocharopoulos (1999) assigned six m1, 10 m2, six m3, six M1, 
seven M2 and seven M3 from the Upper Oligocene locality Kyprinos to Kerosinia 
aff. variabilis. In all Kyprinos M1 the anterior arm of the protocone forms the lin-
gual part of the protoloph, whereas this is the case only in some M1 from the type 
locality. The Kyprinos dental elements are reported by Doukas and Theocharopoulos 
(1999) to be smaller than the Kocayarma ones. However, the assemblage from the 
type locality is much larger than the Kyprinos one (about 613 elements vs. 42 ones), 
and the size variability in Kocayarma is so great that such a statement about the size 
difference between the molars from the two localities is improper; in most cases, the 
Kyprinos measurements fall within the size variation of the Kocayarma ones.

 Subfamily Eumyarioninae Ünay-Bayraktar, 1989

Type Genus Eumyarion Thaler, 1966.

Mirrabella de Bruijn et al., 2007

Type Species Mirabella tuberosa de Bruijn et al., 1987.

Other Taxa Included M. anatolica (de Bruijn and Saraç, 1992); M. crenulata (de 
Bruijn and Saraç, 1992); M. hansoulii (Doukas and Theocharopoulos, 1999).

Distribution Oligocene–middle Miocene of Turkey and Greece.

Remarks The name Mirabella de Bruijn et al. 1987 is preoccupied for a homop-
teran genus; thus de Bruijn et al. (2007) changed it to Mirrabella.

★Mirrabella hansoulii (Doukas and Theocharopoulos, 1999)

Type Material Left M1 and M2, AMPG KYP–191 and 192 (holotype) (Doukas 
and Theocharopoulos 1999: Pl. 2.1–2).

Type Locality Kyprinos, Greece, Upper Oligocene.

Distribution The species has been found only in the type locality.

Occurrences in Greece Kyprinos (Fig. 11a, b).
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Fig. 11 Mirrabella hansoulii from Kyprinos (type locality). a M1 (holotype), b M2. Images cour-
tesy of C. Doukas. Mirrabella tuberosa from Aliveri (type locality). c M1, d M2, e M3, f m1 
(holotype), g m2, h m3. Images courtesy of H. de Bruijn. All specimens figured as left; a, c–h are 
reversed. Scale bar equals 1 mm

Remarks The species has low-crowned and small-sized teeth; in the M1 and M2 
the anterocone is not divided, the metalophule is well developed, the posterior 
paracone- spur is weak and the sinus is wide, whereas there is an anterior arm of the 
protocone in the M2 (Doukas and Theocharopoulos 1999). The material from the 
type locality includes the two holotype molars and one additional M2. The size and 
morphology of the molars show that this species is more primitive than all the other 
Mirrabella species described up to now and more derived than Paracricetodon 
(Doukas and Theocharopoulos 1999).

★Mirrabella tuberosa (de Bruijn et al., 1987)

Type Material Right m1, no. 493 (holotype), Institute of Earth Sciences, Utrecht 
University, The Netherlands (de Bruijn et al. 1987: Pl. 2.5, 5a, 5b).

Type Locality Aliveri, Greece, Lower Miocene [MN4].

Distribution Early Miocene of Greece and Turkey (M. cf. tuberosa also in German 
and Swiss MN4 localities).
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Occurrences in Greece Aliveri and Karydia.

Remarks The diagnostic characteristics, given by de Bruijn et al. (1987), are the 
following: the dentition is semi-hypsodont; the ridges on unworn teeth are not much 
lower than the main cusps; the strong ectomesolophid of the m1–2 is developed as 
a spur of the hypoconid; the lingual and labial spurs of the anterolophule of the M1 
are well developed; there are many tubercles on the edges of the ridges on unworn 
teeth. Apart from the holotype, the type locality Aliveri has yielded eight m3, eight 
m2, nine m1, five M1, 10 M2 and eight M3 (Fig. 11c–h). The authors mentioned 
that the dental patterns from the first to the last molars of both the upper and the 
lower jaw “deviate progressively less from the normal cricetid pattern” (de Bruijn 
et al. 1987:127). The species is also present in the faunal list of Karydia (Doukas 
2003; Wessels 2020 personal comminication), with no details on the material.

Eumyarion Thaler, 1966

Type Species Cricetodon medius Lartet, 1851 [= E. helveticus (Schaub, 1925)].

Other Taxa Included (according to de Bruijn 2009) E. latior (Schaub and Zapfe, 
1953); E. weinfurteri (Schaub and Zapfe, 1953); E. bifidus (Fahlbusch, 1964); 
E. leemanni (Hartenberger, 1965); E. carbonicus de Bruijn and Saraç, 1991; E. mon-
tanus de Bruijn and Saraç, 1991; E. microps de Bruijn and Saraç, 1991; E. intercen-
tralis de Bruijn and Saraç, 1991; E. orhani de Bruijn et al., 2006; E. lukasi Joniak 
et al., 2017.

Distribution Late Oligocene–Miocene of Europe and Anatolia.

Eumyarion latior (Schaub and Zapfe, 1953)

Nomenclatural and Taxonomical History Cricetodon helveticus latior in Schaub 
and Zapfe 1953 (new subspecies); Cotimus latior in Cicha, Fahlbusch and Fejfar 
1972 (new combination); Eumyarion latior in Engesser 1972 (new combination).

Type Material Right mandible with M1–M2 (holotype) (Schaub and Zapfe 1953: 
Pl. II.4).

Type Locality Neudorf an der March (Spalte 1; also known as Devínská Nová 
Ves), Slovakia, middle Miocene [MN6].

Distribution Early–middle Miocene of Europe.

Occurrences in Greece Karydia.

Remarks E. latior was initially described as a subspecies of Cricetodon helveticus 
based on only two upper molars (the type material). Schaub and Zapfe (1953), in 
their diagnosis, stated (free translation from German) upper molars with transversal 
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anteriorly leaning cusps and anteriorly leaning sinus; the M1 is significantly wider 
than in C. helveticus. Doukas (2003) gave a faunal list for the Lower Miocene local-
ity Karydia, mentioning the presence of E. aff. latior (Doukas 2003:table 2), with-
out further information. Later, in her master thesis, Duncan (2012) described the 
Karydia material (six m1, eight m2, eight m3, nine M1, eight M2, eight M3) and 
confirmed the assignment to E. aff. latior. The material shows great morphological 
variation; its morphological and metrical characters show close similarities with 
E. latior, but there are also important differences from this species, i.e., the long 
mesoloph with spurs connecting it with the paracone and metacone on the upper 
molars, the relatively long anterocone in the M1 resulting in a high L/W ratio and 
the high L/W ratio in the M2 (Duncan 2012).

Eumyarion weinfurteri (Schaub and Zapfe, 1953)

Nomenclatural and Taxonomical History Cricetodon helveticus weinfurteri in 
Schaub and Zapfe 1953 (new subspecies); Cotimus weinfurteri in Cicha et al. 1972 
(new combination); Eumyarion weinfurteri in Engesser 1972 (new combination).

Type Material Right M1(holotype) (Schaub and Zapfe 1953: Pl. II.5).

Type Locality Neudorf an der March (Spalte 1; also known as Devínská Nová 
Ves), Slovakia, middle Miocene [MN6].

Distribution Early–middle Miocene of Europe.

Occurrences in Greece Aliveri.

Remarks Initially described as a subspecies of Cricetodon helveticus, known from 
its type locality only through two molars, E. weinfurteri is very close to C. helveti-
cus; there is similarity in features of the tooth crown, such as the transversal position 
of the cusps and the forward-facing sinus; the overall outline of the M1 is somewhat 
more compact than in C. helveticus, due to the less pronounced constriction behind 
the anterocone; it is smaller than C. helveticus, corresponding in size to C. brevis, 
but morphologically distinct (Schaub and Zapfe 1953; free translation from 
German). After the initial descriptions of both E. latior and E. weinfurteri were 
published, larger assemblages than those from their type locality were studied, 
showing a very large intraspecific variation in size and morphology for the two spe-
cies (e.g., Engesser 1972). This fact has led de Bruijn and Saraç (1991) to synony-
mize E. weinfurteri with E. latior. Later, Schötz (1993) suggested, and also de 
Bruijn (2009) agreed, “… to tentatively maintain the species name weinfurteri for 
associations of small Eumyarion teeth…until the homogeneity of the collection from 
Neudorf is demonstrated”. Following this concept, and due to the limited number of 
molars from the Lower Miocene locality Lapsarna (two m1, one m2, two m3, one 
M1, three M2, one M3), Vasileiadou and Zouros (2012) attributed their Eumyarion 
to E. aff. latior/weinfurteri. The material from the Lower Miocene locality Aliveri 
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(nine m1, seven m2, 10 m3, nine M1, eight M2, 12 M3) initially attributed to 
E. weinfurteri by Klein Hofmeijer and de Bruijn (1988), was later transferred to 
E. latior by de Bruijn and Saraç (1991); in the latest faunal list for the locality is 
mentioned as E. weinfurteri again (van den Hoek Ostende et al. 2015). Since the 
material is scanty and in view of the possible synonymy of the two species, it is bet-
ter to refer to the material as E. latior/weinfurteri.

Eumyarion leemanni (Hartenberger, 1965)

Nomenclatural and Taxonomical History Cotimus leemanni in Hartenberger 
1965 (new species); Eumyarion leemanni in Engesser 1972 (new combination).

Type Material Left M1, CL 3683 (holotype), Museum of Sabadell (Hartenberger 
1965: Pl. X.f and Text–fig. 1).

Type Locality Can Llobateres, Spain, Miocene [Vallesian (MN9)].

Distribution Late Miocene of Europe.

Occurrences in Greece Plakias.

Remarks E. leemanni is clearly distinguished from the other Cotimus species due 
to its higher degree of hypsodonty (Hartenberger 1965). Since Engesser (1979) 
proved that the N American genus Cotimus Black, 1961 is synonymous to Leidymys 
Wood, 1936 and the European species do not belong to this genus, the genus 
Eumyarion Thaler, 1966 has been used to include the European species. A small 
assemblage from the Upper Miocene locality Plakias, consisting of one m1 and one 
M3, both partial, was attributed to Cotimus sp. by de Bruijn and Meulenkamp 
(1972), who mentioned that the M3 possibly resembles C. leemanni best. The mate-
rial was enriched through further sampling and one m3, one M1 and one M2 were 
added, which were identified as E. leemanni by de Bruijn et al. (2012).

 Subfamily Anomalomyinae Schaub, 1925

Type Genus Anomalomys Gaillard, 1900.

Anomalomys Gaillard, 1900

Type Species Anomalomys gaudryi Gaillard, 1900.

Other Taxa Included A. gaillardi Viret and Schaub, 1946; A. minor Fejfar, 1972; 
A. aliveriensis Klein Hofmeijer and de Bruijn, 1985; A. rudabanyensis Kordos, 
1989; A. minutus Bolliger, 1992.

Distribution Miocene of Europe and Turkey.
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★Anomalomys aliveriensis Klein Hofmeijer and de Bruijn, 1985

Type Material Left m1, no. 1194 (holotype), Institute of Earth Sciences, Utrecht 
University, The Netherlands (Klein Hofmeijer and de Bruijn 1985: Pl. III.10–10a).

Type Locality Aliveri, Greece, Lower Miocene [MN4].

Distribution Early Miocene of Greece and Turkey.

Occurrences in Greece Aliveri (Fig. 12).

Remarks According to the diagnosis given by Klein Hofmeijer and de Bruijn 
(1985), the species has a relatively narrow M1 and a long m3, its M1 and M2 bear 
well-developed and transverse proto- and metaloph, the posterior arms of the proto- 
and hypoconid are strong and its m1–m2 have always long mesolophid. The species 
from Aliveri was initially mentioned as A. minor by de Bruijn et  al. (1980) and 
Benda and de Bruijn (1982), but it differs from the latter species through its nar-
rower M1, longer m3 and more complex molar pattern (Klein Hofmeijer and de 
Bruijn 1985). The material from the type locality includes 37 m1, 33 m2, 22 m3, 36 
M1, 34 M2 and six M3 (including the holotype; Klein Hofmeijer and de Bruijn 
1985). It is the oldest Anomalomys species known to date and has the most complex 
dental morphology (Klein Hofmeijer and de Bruijn 1985).

Fig. 12 Anomalomys aliveriensis from Aliveri (type locality). a M1, b M2, c M3, d m1 (holo-
type), e m2, f m3. Images courtesy of H. de Bruijn. All specimens are left. Scale bar equals 1 mm

K. Vasileiadou and I. Sylvestrou



465

Anomalomys minor Fejfar, 1972

Type Material Left M1 (holotype), Central Geological Institute in Prague, SUUG 
OF 73303 (Fejfar 1972: Abb. 2.1, 9).

Type Locality Franzensbad, Czech Republic, lower/middle Miocene [MN4/5].

Distribution Early–middle Miocene of Europe and Turkey.

Occurrences in Greece Karydia.

Remarks Fejfar (1972) did not give a formal diagnosis for his species, but he gave 
detailed descriptions of the molars from the type locality and also of material 
assigned to this species from Langenmoosen. Based on the most recent study of the 
fossils from Karydia, the material previously assigned to A. aliveriensis by 
Theocharopoulos (2000) is now assigned to A. minor (Wessels 2020 personal com-
munication), but no information on the material has been published yet.

Prospalax Méhely, 1908

Type Species Spalax priscus Nehring, 1897.

Other Taxa Included (according to Hordijk and de Bruijn 2009) P. petteri 
Bachmayer and Wilson, 1970.

Distribution Late Miocene–Pliocene of Europe.

Prospalax petteri Bachmayer and Wilson, 1970

Type Material Partial right lower jaw with m1–m3, no. 1970/1394 (holotype), 
Museum of Natural History, Vienna (Bachmayer and Wilson 1970: fig. 68).

Type Locality Kohfidisch, Austria, Upper Miocene [MN10].

Distribution Late Miocene of Europe.

Occurrences in Greece Lava 2.

Remarks The diagnosis, given by Bachmayer and Wilson (1970), mentions that 
this species has cheek teeth with size similar to that of the P. priscus’ cheek teeth, 
but the lower jaw is less robust than that of the latter species. Furthermore, its jaws 
are larger and more specialized than in Anomalomys gaudryi. Its m1 is more elon-
gate than in Pliospalax, and the degree of development of a sigmoid pattern in the 
cheek teeth is intermediate between that of Anomalomys gaillardi and of P. priscus. 
De Bruijn et al. (1999) mentioned the presence of P. aff. petteri in the faunal list of 
the Upper Miocene locality Lava 2 (de Bruijn et al. 1999:Table 10, p. 110), without 
any further details.
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Prospalax priscus (Nehring, 1897)

Nomenclatural and Taxonomical History Spalax priscus in Nehring 1897 (new 
species); Prospalax priscus in Méhely 1908 (new combination).

Type Material Fragmented right mandible with well-preserved molars and a large 
part of the incisor (holotype) (Nehring 1897: Abb. 4.3).

Type Locality “Nagyharsányer Berg in the area of Villány”, S Hungary, 
Pliocene [MN16].

Distribution Pliocene of Europe.

Occurrences in Greece Notio 1.

Remarks Nehring (1897) mentioned that the three molars are very similar to each 
other, with one lingual and one buccal re-entrant folds and thin enamel layer. The 
total length at the alveoli is 7.2 mm, whereas the width is 1.8–2 mm. The lower inci-
sor (width: 1.9 mm.) does not show any wrinkling of the enamel but bears three 
longitudinal ridges running along the anterior face of the enamel. The material 
available to Nehring for the description of the new species was only one mandible, 
whereas Méhely acquired a partial left mandible of the same species from Beremend 
(west of Nagyharsányer Berg) with preserved muscular process and complete inci-
sor but lacking the m2 and m3; based on the two mandibles, Méhely described the 
new genus Prospalax Méhely 1908 as the direct ancestor of all modern Spalax spe-
cies. Three molars (two m2 and one M1) from the Pliocene locality Notio 1 have 
been attributed to this species by Hordijk and de Bruijn (2009), based on their simi-
larity with P. priscus molars from Csarnóta 2 and 4 available to the authors for 
comparisons. An unusual characteristic of the species, noticed for the first time by 
these authors and perceived as a derived feature, is that the enamel on the anterior 
sides of the M1–M2 and the posterior sides of the m1–m2 is much thicker than that 
on the opposite sides (Hordijk and de Bruijn 2009:63).

 Subfamily Spalacinae Gray, 1821

Type Genus Spalax Guldenstaedt, 1770.

Heramys Klein Hofmeijer and de Bruijn, 1985

Type Species Heramys eviensis Klein Hofmeijer and de Bruijn, 1985.

Other Taxa Included H. anatolicus Sarıca and Şen, 2003.

Distribution Early–middle Miocene of Greece and late Miocene of Turkey.
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Remarks This genus was created by Klein Hofmeijer and de Bruijn (1985), based 
on material from Aliveri, to include species that bear relatively longer Ml and M2 
than the Pliospalax species do and shorter M3 without lingual sinus, as well as long 
metalophules/-ids in the Ml–2 and m1–2 and an antero-labial sinus in the m1, fea-
tures that differentiate it from Spalax. The presence of Heramys sp. in the middle 
Miocene locality Thymiana A (Chios Island) has been mentioned by de Bonis et al. 
(1997), but the material has not been published yet.

★Heramys eviensis Klein Hofmeijer and de Bruijn, 1985

Type Material Left m1, no. 1289, Institute of Earth Sciences, Utrecht University, 
The Netherlands (Klein Hofmeijer and de Bruijn 1985: Pl. I.4, 4 a–b).

Type Locality Aliveri, Greece, Lower Miocene [MN4].

Distribution Until now the species has been found only in its type locality.

Remarks Klein Hofmeijer and de Bruijn (1985) gave the diagnosis of the species 
(same as that of the genus): “spalacid with semi–hypsodont cheek teeth; Ml and M2 
longer than wide; M3 small and without lingual sinus; metaconid of the m1 large; 
lower incisor with two narrow ribs”. The assemblage from the type locality Aliveri 
(Fig. 13) is rather small (seven m1, seven m2, seven m3, five M1, three M2, two 
M3), but large enough to confirm its allocation to a new genus and species.

Fig. 13 Heramys eviensis from Aliveri (type locality). a M1, b M2, c M3, d m1 (holotype), e m2, 
f m3. Images courtesy of H. de Bruijn. All specimens are left. Scale bar equals 1 mm
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Debruijnia Ünay, 1996

Type Species Debruijnia arpati Ünay, 1996.

Other Taxa Included (according to de Bruijn 2016) Debruijnia sp. (in Ünay and 
Göktas 1999); D. kostakii de Bruijn 2016.

Distribution Early Miocene of Greece and Turkey.

★Debruijnia kostakii de Bruijn, 2016

Type Material Right m1, KR 2, nr. 1014 (holotype), Institute of Earth Sciences, 
Utrecht University, The Netherlands (de Bruijn 2016: Fig. 3, 1a & 1b).

Type Locality Karydia 2, Greece, Lower Miocene [MN4].

Distribution Until now the species has been found only in its type locality.

Remarks According to de Bruijn (2016), this species has rather large molars. Its 
M1 is characterized by an anteroloph separated from the protocone through a shal-
low notch, by an either complete or interrupted anterior arm of the protocone and by 
a sometimes transverse, or otherwise connected to the posteroloph, metalophule. Its 
five-lophed M3 bears a sinus that remains open lingually until an advanced stage of 
wear. Its m1 is long, bears a metaconid that does not fuse with the anteroconid until 
an advanced stage of wear and when unworn shows a long free-ending posterior 
arm of the hypoconid. The protosinusid is progressively less developed from the m1 
to the m3. The material from the type locality Karydia 2 (Fig. 14) consists of four 
m1, two m2, three m3, four M1, five M2 and two M3, whereas there is also one M1 
found in the synchronous layer Karydia 3 (de Bruijn 2016). The material from 
Karydia 2 had been mentioned as Debruijnia n.sp. (large) in the faunal list for the 
locality given by Theocharopoulos (2000).

Pliospalax Kormos, 1932

Type Species Prospalax macoveii Simionescu, 1930.

Other Taxa Included (including Sinapospalax Sarıca and Şen, 2003, according to 
de Bruijn et al. 2015) P. compositodontus Topachevski, 1969; P. sotirisi (de Bruijn 
et al., 1970); P. tourkobouniensis de Bruijn and van der Meulen, 1975; P. primitivus 
Ünay, 1978; P. canakkalensis Ünay, 1981; P. marmarensis Ünay, 1990; P. senii 
Koliadimou, 1996; P. incliniformis (Sarıca and Şen, 2003); P. sinapensis (Sarıca and 
Şen, 2003); P. berdikensis (Şen and Sarıca, 2011); P. complicatus Şen and 
Sarıca, 2011.

Distribution Early Miocene–Early Pleistocene of Europe, Turkey and Ukraine.
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Remarks Spalacids are a rare element in fossil assemblages. As a result, it is not 
always easy to identify them to species level. The presence of Pliospalax sp. has 
been reported from Antonios with one fragmented M1 (Vasileiadou and Koufos 
2005), in the faunal list for Ano Metochi 3 with no detail on the material (de Bruijn 
1989) and from Kessani with one m1 and two m2 (Vasileiadou et al. 2012).

Pliospalax macoveii (Simionescu, 1930)

Nomenclatural and Taxonomical History Prospalax macoveii in Simionescu 
1930 (new species); Pliospalax macoveii in Kormos 1932 (new combination). Şen 
(1977) considered Pli. simionescui a junior synonym of P. macoveii.

Type Material Fragmented left mandible with the incisor and m1–2 (holotype), 
University of Iași, Romania (Simionescu 1930: Fig. 33).

Type Locality Malusteni, Romania, Pliocene [MN15].

Distribution Late Miocene–Pliocene of Romania and Ukraine; possibly in Greece 
and Turkey.

Occurrences in Greece Nea Silata.

Fig. 14 Debruijnia kostakii from Karydia (type locality). a M1, b M2, c M3, d m1 (holotype), e 
m2, f m3. Images courtesy of H. de Bruijn. All specimens figured as left; c, d, f are reversed. Scale 
bar equals 1 mm
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Remarks Simionescu did not give a diagnosis or description for his species, but 
Topachevski (1969:155) gave some diagnostic features: species of medium size, 
M1–2 without mesoloph, m1 with a free mesolophid only in early stages of wear. 
Later it fuses with the metaconid, leading to the creation of a longitudinal enamel 
island, with wear the entoconid fuses with the posterior cingulum and the anterior 
surface of the upper and lower incisors is smooth. The locality Nea Silata has 
revealed one m1, one m3, one M1 and two M3 of Pliospalax which were described 
in detail by Vasileiadou (2001), in her unpublished MSc thesis: the M1 lacks a 
mesoloph and shows a very shallow postero-labial sinus; the labial sinus of the M3 
closes in early stages of wear; the mesolophid of the m1 (unworn) is free and long, 
bending anteriorly. The morphology and the size of the molars are similar to those 
of P. macoveii, but the scantiness of the material allow only for a tentative assign-
ment to P. cf. macoveii (Vasileiadou et al. 2003).

★Pliospalax sotirisi (de Bruijn et al., 1970)

Nomenclatural and Taxonomical History Spalax sotirisi in de Bruijn et al. 1970 
(new species); Pliospalax sotirisi in de Bruijn and van der Meulen 1975 (new 
combination).

Type Material Partial right mandible with m1–m2, no. 1286 (holotype), Institute 
of Earth Sciences, Utrecht University, The Netherlands (de Bruijn et  al. 1970: 
Pl. 6.3).

Type Locality Maritsa 1, Rhodes Island, Upper Miocene [Turolian (MN13)].

Distribution Late Miocene of Greece.

Occurrences in Greece Maritsa 1 (Fig. 15a–c), Samos S3 and Mytilinii 1B.

Remarks The diagnosis of de Bruijn et al. (1970) (based on one partial maxilla 
with Ml–M2, two M2, one M3 and the holotype) mentions that the little-worn m1 
and m2 bear two labial and two lingual re-entrant folds, whereas the anterior lingual 
re-entrant fold in the m2 reaches the anterior border of the tooth. Furthermore, the 
labial re-entrant folds of the M1 develop into enamel islands at about the same stage 
of wear. Black et al. (1980) attributed to P. cf. sotirisi one left m2 and one left m3, 
possibly from the same individual, from the Upper Miocene locality Samos S3, 
mentioning that the Samos m2 is similar to that of P. sotirisi from the type locality 
but slightly larger. Additional spalacid material from Samos Island was reported by 
Vasileiadou and Sylvestrou (2009), from the locality Mytilinii 1B, consisting of a 
partial skull with the left M1–3. These molars were found to show similar morphol-
ogy with the molars of P. sotirisi from Maritsa 1, in relation to their wear stage; 
however, the Samos M1 and M2 are narrower than the Rhodes ones (Vasileiadou 
and Sylvestrou 2009). In any case, all three assemblages (from the type locality and 
the two from Samos Island) are too small to allow the understanding of the intraspe-
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cific morphological and metrical variation. Similarities of this species with P. macov-
eii have led de Bruijn and van der Meulen (1975) and Şen and de Bruijn (1977) to 
tentatively consider the two species synonymous. However, Ünay (1978) noticed 
differences in the length of the postero-labial and postero-lingual folds and pre-
ferred to retain both species; Ünay included P. sotirisi as a separate species in her 
most recent review of the genus (Ünay 1999).

★Pliospalax tourkobouniensis de Bruijn and van der Meulen, 1975

Type Material Left mandible with m1–m2, no. 481 (holotype), Institute of Earth 
Sciences, Utrecht University, The Netherlands (de Bruijn and van der Meulen 1975: 
Pl. 6.2).

Type Locality Tourkobounia 1, Greece, Pliocene [Villanyian (MN16)].

Distribution Villanyian of Greece and Romania.

Occurrences in Greece Tourkobounia 1 (Fig. 15d–f).

Remarks According to the diagnosis by de Bruijn and van der Meulen (1975), in 
slightly worn m1 the antero-labial and antero-lingual re-entrant folds are confluent, 

Fig. 15 Pliospalax sotirisi from Maritsa 1 (type locality). a M1–2, b M3, c m1–2 (holotype). 
Pliospalax tourkobouniensis from Tourkobounia 1 (type locality). d M1, e m1–m2 (holotype), f 
m1. Images and drawings courtesy of H. de Bruijn. Pliospalax senii from Ravin Voulgarakis (type 
locality). g M1, h M2, i M3, j m1 (holotype), k m2. Drawings courtesy of K. Koliadimou. All 
specimens figured as left; c, g–k are reversed. Scale bar equals 1 mm
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whereas with moderate wear the former fold disappears and the latter one becomes 
shallow. Further, the postero-labial re-entrant fold on the m1 does not reach the 
crown basis. The M1 of the species preserves traces of the posterior cingulum and 
the mesoloph. P. tourkobouniensis differs from P. macovei and P. sotirisi in having 
a shorter postero-labial re-entrant fold in the m1 (de Bruijn and van der Meulen 
1975). The preservation of the posterior cingulum and the mesoloph in the M1 and 
the relatively low cheek teeth are archaic characteristics among the spalacines, 
which oddly enough are present in this Pliocene species (de Bruijn and van der 
Meulen 1975). Apart from the holotype, the type locality has also revealed two m1, 
three m2, three m3, three M1 and one M3.

★Pliospalax senii Koliadimou, 1996

Type Material Right m1, LGPUT RVL295 (holotype), Museum of Geology- 
Paleontology- Paleoanthropology, Aristotle University of Thessaloniki (Koliadimou 
1996: Fig. 4.16 a).

Type Locality Ravin Voulgarakis, Greece, Pleistocene [Biharian (MNQ20)].

Distribution Early Pleistocene of Greece (only in type locality).

Remarks According to Koliadimou’s (1996) diagnosis (translated from Greek), 
P. senii is a medium-sized spalacine; the m1 shows a non-isolated anterior lobe, a 
postero-labial sinusid reaching the edge of the crown, a very small mesolophid, 
small postero-lingual and small pre-antero-lingual sinusid; the m2 is characterized 
by the presence of a large mesolophid; in the M1 there is a small postero-labial 
sinus, one antero-lingual islet and a cingulum in the form of a cusp in the central- 
labial sinus; the M3 is reduced in size and without lingual sinus. Apart from the 
holotype, the material from Ravin Voulgarakis (Fig. 15g–k) includes one m2, one 
M1, five M2 and two M3. P. senii seems to be the youngest Pliospalax species.

Spalax Guldenstaedt, 1770

Type Species Spalax microphthalmus Guldenstaedt, 1770 (extant).

Other Taxa Included [following Ünay’s (1996) concept for the genus, including 
all younger spalacins usually characterized by two lingual and one labial re-entrant 
fold on the m1] (extant species found in fossil assemblages) S. leucodon Nordmann, 
1840; S. nehringi (Satunin, 1898); S. ehrenbergi Nehring, 1898; (extinct) S.  podolicus 
Trouessart, 1897; S. minor Topachevski, 1959; S. odessanus (Topachevski, 1969); 
S. advenus Kretzoi, 1977; S. denizliensis Erten, 2018.

Distribution Pliocene–present of E Europe, W Asia and N Africa.

Remarks Spalax contains five extant species of blind, fossorial or subterranean 
mole rats, living today in E Europe, the Balkans and the E Mediterranean area 
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(Macdonald 2009). Several Middle–Late Pleistocene Spalax assemblages have been 
reported from Greece (Appendix). Two m1, three m2, one m3, six M1, one M2 and 
two M3 from the Biharian fauna of Kalymnos-Xi have been attributed to Spalax cf. 
nehringi by Kuss and Storch (1978); Koliadimou (1996) suggested the attribution of 
this material to Pliospalax, based on the presence of two labial and two lingual 
sinusids on the m1 and of an antero-labial islet on the m2. We here retain the initial 
identification by Kuss and Storch (Appendix). Storch (1975) reported the presence 
of Spalax nehringi in the Middle Pleistocene locality Latomi 1 (three partial skulls, 
13 m1, 18 m2, 17 m3, 21 M1, 17 M2, 13 M3 and three incisor fragments). Fossil 
material of Spalax leucodon has been reported by Chatzopoulou (2014) from the 
Upper Pleistocene localities Loutra Almopias Cave LAC (three m1, 10 m2, two 
partial m1/2, 17 m3, seven M1, six M2, one partial M1/2, 15 M3) and LAC Ia (three 
m1, four m2, two m3, one partial mandible with m1–m2, eight M1, eight M2, one 
M3). Mayhew (1978) reported the presence of Spalax microphthalmus in the Upper 
Pleistocene locality Arnissa. Finally, Sickenberg (1971) attributed one fragmented 
lower incisor and one fragmented femur from Petralona Cave to ? Spalax sp.

Spalax odessanus (Topachevski, 1969)

Nomenclatural and Taxonomical History Microspalax odessanus in Topachevski 
1969 (new species); Spalax odessanus in Savic and Nevo 1990 (new combination).

Type Material Partial skull with dentition, No. 8442 (holotype), Institute of 
Zoology AN Ukraine (Topachevski 1969: Fig. 58 A).

Type Locality Odessa, Ukraine, Upper Pliocene [MN15].

Distribution Late Pliocene of Ukraine and Greece.

Occurrences in Greece Megalo Emvolon 1.

Remarks This species, according to Topachevski’s (1969) diagnosis, is large, with 
no sharp longitudinal depression in the suture between the nasal bones, a straight 
line formed by the temporo-nasal and temporo-maxillary sutures, wide palate 
between the M1s, with a well-developed and wide central ridge, no mesocone on the 
M1/2, not fully developed mesoconid on the m1 and width of the internal fork cov-
ering less than one forth of the total length of the molar’s wearing surface, no fusion 
of the entoconid and metaconid even with advanced wear, leading to the absence of 
an anterior mark in m1 in all wear stages, the entoconid and posterior collar fused 
on the m1 in early wear stages, leading to the presence of a posterior mark, and flat 
and smooth anterior surface of the upper incisor. S. odessanus has been reported by 
de Bruijn (1984) from the Ruscinian fauna of Megalo Emvolon 1 (known also as 
Karaburun), where it is represented by two partial skulls, one with one mandibular 
ramus and one with both rami. Both specimens show S. odessanus features: large 
size, very wide incisors, wide rostrum, wide palate, pro-odont upper incisors and 
robust coronoid process with sharp anterior border (de Bruijn 1984).
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 Subfamily Cricetodontinae Schaub, 1925

Type Genus Cricetodon Lartet, 1851.

Deperetomys Mein and Freudenthal, 1971a

Type Species Cricetodon sansaniensis hagni Fahlbusch, 1964.

Other Taxa Included D. rhodanicus (Depéret, 1887); D. intermedius (de Bruijn 
et al., 1987); D. anatolicus de Bruijn, Fahlbusch, Saraç and Ünay, 1993; D. magnus 
de Bruijn et al., 2013a; D. calefactus Marković et al., 2019; D. saltensis Marković 
et al., 2019.

Distribution (early?) Oligocene–middle Miocene of Europe and Turkey.

Remarks The presence of cf. Deperetomys sp. in Karydia is reported by 
Theocharopoulos (2000), but with no details on the material. However, the genus is 
not included in the new faunal list for the locality (Wessels 2020 personal 
communication).

Cricetodon Lartet, 1851

Type Species Cricetodon sansaniensis Lartet, 1851.

Other Taxa Included C. causasicus Argyropulo, 1938; C. meini Freudenthal, 
1963; C. lavocati Freudenthal, 1966; C. jotae Mein and Freudenthal, 1971a; C. alba-
nensis Mein and Freudenthal, 1971a; C. aureus Mein and Freudenthal, 1971b; 
C. aguirrei Sese, 1977; C. pasalarensis (Tobien, 1978); C. candirensis (Tobien, 
1978); C. cariensis (Şen and Ünay, 1979); C. hungaricus (Kordos, 1986); C. aliver-
iensis Klein Hofmeijer and de Bruijn, 1988; C. versteegi de Bruijn et  al., 1993; 
C. tobieni de Bruijn et al., 1993; C. kasapligili de Bruijn et al., 1993; C. bolligeri 
Rummel, 1995; C. jumaensis Rummel, 1995; C. engesseri Rummel and Kälin, 
2003; C. orientalis Bi, 2005; C. soriae López Martínez, Cárdaba, Salesa, Hernández 
Fernández, Cuevas González and Fesharaki, 2006  in Hernández Fernández et al. 
2006; C. klariankae Hir, 2007; C. volkeri Wu, 2009; C. wanhei Qiu, 2010; C. nievei 
López-Guerrero et  al., 2014; C. trallesensis Durgut and Ünay, 2016; C. fikreti 
Durgut and Ünay, 2016; C. magnesiensis Durgut and Ünay, 2016; C. yapintiensis 
Durgut and Ünay, 2016; C. goklerensis Joniak et al., 2017.

Distribution Miocene of Europe and Asia.

Remarks The presence of Cricetodon sp. is reported by de Bonis et al. (1997) for 
the locality Thymiana A, without details on the material. Skandalos (2017:43), in 
his master thesis, described one m3 from Karydia as Cricetodon sp., as the molar, 
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unlike all other molars from the locality attributed to C. aliveriensis, bears an extra 
ridge in the posterior part that ends freely in the posterosinusid without reaching the 
lingual border; otherwise, both morphologically and metrically, the molar resem-
bles those of C. aliveriensis.

★Cricetodon aliveriensis Klein Hofmeijer and de Bruijn, 1988

Type Material Left M1, Nr. 542 (holotype) (Klein Hofmeijer and de Bruijn 1988: 
Pl. 1.1).

Type Locality Aliveri (South Quarry), Greece, Lower Miocene [MN4].

Distribution Early Miocene of Greece.

Occurrences in Greece Aliveri (Fig. 16) and Karydia.

Remarks According to the diagnosis by Klein Hofmeijer and de Bruijn (1988), 
this is a small Cricetodon species, with an anterocone consisting of two cusps of 
about equal size, an incomplete anterior protolophule and a complete posterior one 
on the Ml, either short and low or absent posterior parts of the ectoloph on the Ml–
M2, present mesolophid on all the lower molars and a double metalophulid on the 
ml. Apart from the type locality, from where 87 molars of the species have been 
described, also Karydia has yielded a large collection of the species including 564 
dental elements, first reported by Doukas (2003), and consequently detailed 
described and studied by Skandalos (2017).

Fig. 16 Cricetodon aliveriensis from Aliveri (type locality). a M1 (holotype), b M2, c M3, d m1, 
e m2, f m3. Images courtesy of H. de Bruijn. All specimens figured as left. Scale bar equals 1 mm
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Cricetodon meini Freudenthal, 1963

Type Material Fragment of left maxilla with M1–M3, VxC 309 (holotype) (Mein 
1958: Fig. 142; Mein and Freudenthal 1971b: Pl. 1.1).

Type Locality Vieux Collonges, France, middle Miocene [MN5].

Distribution Early–middle Miocene of Europe and Russia.

Occurrences in Greece Komotini, Antonios, Thymiana A and C.

Remarks C. meini is smaller than all European Cricetodon species except for 
C. aliveriensis. The original diagnosis was given by Freudenthal (1963) [here with 
adaptations in nomenclature by Mein and Freudenthal (1971b), translated from 
French]: “Lower molars with an ectomesolophid (may be missing in m2–m3); the 
hypolophulid of the m1 is transverse; the anterior metalophulid may be missing 
(i.e., in two of the 10 teeth studied); the posterior metalophulid is always present; 
upper molars: the posterior ectoloph is absent or very weak; the mesoloph is on 
average longer than in C. sansaniensis Lartet 1851; the M3 is much less reduced 
than in the latter species.” Mein and Freudenthal (1971b) separated the smaller 
C. meini from the larger C. aureus in the type locality Vieux Collonges and renewed 
the diagnosis for the former species. According to this emended diagnosis, the lower 
molars are two-rooted, most of them bear a posterior or a double connection between 
the metaconid and the protoconid, next to the posterior connection there is an ante-
rior connection with the anteroconid, the posterior connection is rarely missing and 
an ectomesolophid is almost always present on the m1 but often missing from the 
m2 and almost always missing from the m3. On the M1 the anterocone is simple or 
bifid, on the upper molars the posterior ectoloph is absent or short and the mesoloph 
is well developed.

This species is present in the faunal list for the localities Thymiana A and C (de 
Bonis et al. 1997) without further information. C. meini from Komotini (Poroton 
Quarry), represented by 14 molars, has been described by de Bruijn et al. (1993), 
who mention that the molars are identical to those from the species type locality. 
The C. meini material from Antonios includes 62 molars described by Vasileiadou 
and Koufos (2005), who mention that the only difference between the Antonios spe-
cies and that from the type locality is that on the m1 from the type locality the ante-
rior metalophulid is more frequently present than on the m1 from Antonios.

Byzantinia de Bruijn, 1976

Type Species Byzantinia pikermiensis de Bruijn, 1976.

Other Taxa Included B. hellenicus (Freudenthal, 1970); B. nikosi de Bruijn, 1976; 
B. sofcaensis (Tobien, 1978); B. eskihisarensis (Tobien, 1978); B. cariensis (Şen 
and Ünay, 1979); B. bayraktepensis Ünay, 1980; B. ozansoyi Ünay, 1980; B. darda-
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nellensis Ünay, 1980; B. orientalis (Lungu, 1981) [possible synonym of B. bayrak-
tepensis, according to Şen 2016]; B. uenayae Rummel, 1998.

Distribution Middle–late Miocene of the Balkans and Anatolia.

Remarks De Bruijn (1976) described one unerupted m1 and one M2 from the 
Turolian fauna of Kalithies (Rhodes Island) as Byzantinia sp. A, reporting that this 
species is different from B. pikermiensis, B. nikosi and B. hellenicus in having 
higher-crowned cheek teeth. De Bruijn (1989) also reported the presence of 
Byzantinia sp. in the latest Vallesian fauna of Lefkon, without more details and 
descriptions of the material.

Byzantinia bayraktepensis Ünay, 1980

Type Material Left M3, BA1 no. 22 (holotype) (Ünay 1980: Pl. 1.4).

Type Locality Bayraktepe 1, Turkey, middle Miocene [late Astaracian].

Distribution Middle–late Miocene of Turkey and Greece.

Occurrences in Greece Chryssavgi 1.

Remarks According to Ünay’s (1980) original diagnosis: the cheek teeth are rela-
tively large and brachyodont; the upper molars show complete ectolophs; the M1 
lacks a lingual spur on the anterolophule; the M3 shows a wider posterior part than 
in other Byzantinia species; the m1 bears either only an anterior metalophulid or a 
double one. One m1, two m2, one m3, one upper incisor and a partial M1 from the 
locality Chryssavgi 1 have been attributed to this species by Koliadimou (1996). 
The molars are brachyodont and of medium size. Comparisons with material from 
the species type locality confirmed great metrical and morphological similarities 
(Koliadimou 1996).

★Byzantinia nikosi de Bruijn, 1976

Type Material Right M3, no. 170 (holotype) (de Bruijn 1976: Pl. 1.9).

Type Locality Biodrak, Greece, Upper Miocene [late Vallesian (MN10)].

Distribution Middle–late Miocene of Turkey and Greece.

Occurrences in Greece Biodrak (Fig. 17a–f).

Remarks This Byzantinia species is of medium size, with brachyodont cheek 
teeth, complete ectolophs and a metacone that is not completely incorporated in the 
posteroloph on the upper molars and a not elongated posteriorly M3 with a com-
plete endoloph and a shallow, narrow sinus (de Bruijn 1976). The type locality, 
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Fig. 17 Byzantinia nikosi from Biodrak (type locality). a M1 (holotype), b M2, c M3, d m1, e m2, 
f m3. Byzantinia pikermiensis from Pikermi–Chomateri (type locality). g M2, h M3 (holotype), i 
m1 j m2, k m3. Byzantinia hellenicus l m1–2. Images courtesy of H. de Bruijn. All specimens 
figured as left; a, c–f, l are reversed. Scale bar equals 1 mm

Biodrak, has yielded 10 molars (two m1, one m2, three m3, one M1, one M2, two 
M3), including the holotype. B. aff. nikosi has been listed in the faunal list from the 
Upper Miocene locality Katheni by de Bruijn and van der Meulen (1979), with no 
additional information.

★Byzantinia pikermiensis de Bruijn, 1976

Type Material Left M3, no. 118 (holotype) (de Bruijn 1976: Pl. 1.6).
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Type Locality Pikermi (Chomateri), Greece, Upper Miocene [Turolian (MN12)].

Distribution Late Miocene of Greece and Turkey.

Occurrences in Greece Chomateri (Fig. 17g–k).

Remarks The original diagnosis by de Bruijn (1976) defines this medium-sized 
brachyodont Byzantinia species as having complete ectolophs on the M2–M3, four 
roots on the M2, a confluent with the posteroloph metaloph that incorporates the 
metacone on the M2 and a posteriorly elongated M3 with a small hypocone, a com-
plete endoloph and a shallow, wide sinus. The species is represented in the type 
locality Chomateri by 15 molars (three m1, two m2, two m3, four M2, four M3), 
which do not include any M1 (de Bruijn 1976). The M1 became known from small 
collections from the Turkish localities Çorakyerler (Ünay et al. 2006) and Altıntaş 
(de Bruijn et al. 2013b) and bears a lingual spur of the anterolophule and no funnel.

★Byzantinia hellenicus (Freudenthal, 1970)

Nomenclatural and Taxonomical History Ruscinomys hellenicus in Freudenthal 
1970 (new species); Byzantinia hellenicus in de Bruijn 1976 (new combination).

Type Material Partial right maxilla with M1–M3, AMNH 20766 (holotype), 
American Museum of Natural History New York (Freudenthal 1970: Fig. 1).

Type Locality Samos (Quarry 4), Greece, Upper Miocene, [middle Turolian 
(MN12)].

Distribution Late Miocene of Greece and Turkey.

Occurrences in Greece Samos S3 and Samos (Quarry 4; Fig. 17l).

Remarks Freudenthal (1970) gave the diagnosis based on the molars, which are 
moderately hypsodont, with continuous longitudinal lophs, smaller than those of 
R. europaeus and about similar in size with those of R. schaubi. The most distinctive 
element of the species is the M3, which, in comparison to the M1 and M2, is rela-
tively longer than in any of the (then) known species of Ruscinomys or Cricetodon 
s.s. B. hellenicus is much bigger than all other Byzantinia species. Besides the type 
material, the species is also represented in Greece by two partial skulls, one left 
upper jaw with M1–M3, three partial lower jaws with molars, seven m1, seven m2, 
four m3, six M1, five M2 and one M3 from the locality Samos S3 (Black et al. 
1980:371). Based on this material, Black et al. (1980) gave more morphological 
features: on the M3 “the metacone is displaced postero–internally so that there is 
only a faint groove on the posterior face of the tooth between it and the hypocone”; 
the m1 and m2 are almost equal in length and the m3 is only slightly shorter; on the 
m1 there is a well-developed anteroconid connected to the protolophid in its middle, 
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all cusps bend forward and all crests are anteriorly directed, a small short mesolo-
phid closes off the anterior fossettid well bellow the top of the metaconid whereas 
the posterior fossettid closes near the base of the entoconid, the hypoconid bears a 
short posterior crest that ends in a distinct hypoconulid and the two buccal and the 
one lingual valleys are very deep; on the m2 there is a small shelf near the base of 
the crown on the antero-buccal side, the metalophid projects strongly anteriorly, the 
mesolophid and posterolophid are short and there is a distinct hypoconulid and the 
buccal and the lingual valleys are deep as on the m1; the anterior half of the m3 is 
similar to that of the m2, whereas the posterior one is compressed laterally so that 
the posterior fossettid forms a narrow but deep notch. One lower jaw of this species 
from Samos has been erroneously identified as Cricetodon magnum by Bakr (1959; 
Black et al. 1980). Black et al. (1980) noticed that B. hellenicus is nearly identical 
to B. pikermiensis, but significantly larger.

 Subfamily Cricetinae Fischer von Waldheim, 1817

Type Genus Cricetus Leske, 1779.

Remarks A very large number of small- to medium-sized genera have been 
described to include fossil hamster species from Miocene–Upper Pleistocene 
Eurasian localities, as well as extant Eurasian species. Very often, the dental mor-
phology of these animals is quite similar, a fact that hampers generic and specific 
identification and the establishment of phylogenetic relationships. It is very possible 
that some of the genera will be proven to be synonymous after more careful study 
of fossil type materials and dental material of recent animals. As de Bruijn et al. 
(2012) pointed out: “a revision of the late Neogene to Recent small and medium–
sized hamsters based on dental morphology is badly needed”.

Hamster dental elements from the Upper Miocene locality Plakias and the 
Biharian fauna of Tourkobounia 3 and 4 have been attributed to Cricetinae indet. (de 
Bruijn et  al. 2012 and Reumer and Doukas 1985, respectively). The teeth from 
Plakias show a unique mixture of primitive and advanced characters that cannot be 
seen in any cricetine genus known; however de Bruijn et al. (2012) refrain from 
naming a new taxon due to the scarcity of the material (five molars in total). The 
material from Tourkobounia 3 and 4 has not been described.

Democricetodon Fahlbusch, 1964

Type Species Democricetodon crassus Freudenthal, in Freudenthal and 
Fahlbusch, 1969.

Other Taxa Included D. affinis (Schaub, 1925); D. brevis (Schaub, 1925); D. gail-
lardi (Schaub, 1925); D. vindobonensis (Schaub and Zapfe, 1953); D. romieviensis 
(Freudenthal, 1963); D. freisingensis (Fahlbusch, 1964); D. gracilis (Fahlbusch, 
1964); D. mutilus (Fahlbusch, 1964); D. franconicus (Fahlbusch, 1966); D. hispani-
cus Freudenthal, 1967; D. sulcatus Freudenthal, 1967; D. affinis cretensis de Bruijn 
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and Meulenkamp, 1972; D. nemoralis Agusti, 1981; D. kohatensis Wessels et al., 
1982; D. hasznosensis Kordos, 1986; D. iazygum Radulescu and Samson, 1988; 
D. zarandicus Radulescu and Samson, 1988; D. walkeri Tong and Jaeger, 1993; 
D. lindsayi Qiu, 1996; D. tongi Qiu, 1996; D. kaonou Mein and Ginsburg, 1997; 
D. hanniae Aguilar et  al., 1999; D. sudrei Aguilar et  al., 1999; D. anatolicus 
Theocharopoulos, 2000; D. doukasi Theocharopoulos, 2000; D. fourensis Maridet 
et al., 2000; D. moralesi van der Meulen et al., 2003; D. suensis Qiu, 2010; D. halt-
mari Joniak et al., 2017.

Distribution Early–late Miocene (MN1–9) of Europe and Asia.

Remarks Most of the Democricetodon species show great intraspecific morpho-
logical variation, and many have been named based on small collections. These 
facts have resulted in a great number of species, some of which are considered to be 
synonymous; for instance, D. freisingensis is considered to be a junior synonym of 
D. gaillardi by Theocharopoulos in de Bruijn et al. (2003). The genus is in need of 
a revision (as in, e.g., Maridet 2003, van der Meulen et al. 2003), but as we do not 
aim to do that in this work, we here list all species assigned to the genus so far (see 
Appendix).

One m2 and two m3 of Democricetodon have been reported from the Lower 
Miocene locality Lapsarna by Vasileiadou and Zouros (2012). They show metrical 
and morphological similarity with D. gracilis, D. franconicus and D. doukasi, but as 
the assemblage does not include the diagnostic first molars, the authors refrained 
from giving a specific identification and attributed the material to Democricetodon 
sp. Furthermore, one Democricetodon species is reported from the locality Thymiana 
C (Democricetodon n. sp.) and three from Thymiana A (D. gracilis, Democricetodon 
n. sp. I and Democricetodon n. sp. II) by de Bonis et al. (1997), but there is no infor-
mation on the material.

Democricetodon franconicus (Fahlbusch, 1966)

Nomenclatural and Taxonomical History Democricetodon minor franconicus in 
Fahlbusch 1966 (new subspecies); Copemys (Democricetodon) minor franconicus 
in Fahlbusch 1967 (new combination); Democricetodon franconicus in Fejfar 1974 
(elevation to species level).

Type Material Left m1, Slg. München 1962 XIX 20 (holotype) (Fahlbusch 
1966:Taf. 10.21).

Type Locality Erkertshofen 1, Germany, Lower Miocene [MN4].

Distribution Early–middle Miocene of Europe and Turkey.

Occurrences in Greece Aliveri, Karydia and Antonios.
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Remarks According to the original diagnosis in German by Fahlbusch (1966) and 
its translation by van der Meulen et  al. (2003), this species shows the following 
features: mesolophid of the m1–2 and mesoloph of the M1–2 mostly reaching the 
molar border, semi-circular anterior cingulum and weak anteroconid on the m1, no 
posterior metalophulid nor mesolophid on the m3; posteriorly directed proto- and 
metalophule on the M1, double protolophule and single, mostly transverse meta-
lophule in the M2 and rounded M3 with a strongly reduced posterior part.

This species has been described from three Lower Miocene Greek localities: 
Aliveri, Karydia and Antonios. The large assemblage from Aliveri (255 molars in 
total) described by Klein Hofmeijer and de Bruijn (1988) comes from the South 
Quarry. The smaller size of the Aliveri molars and some morphological deviation 
from the molars in the type locality Erkertshofen 1 (e.g., mesolophs/mesolophids of 
the Aliveri molars shorter than those of the Erkertshofen 1 ones) have been attrib-
uted by Klein Hofmeijer and de Bruijn (1988) to the more “primitive” stage of 
evolution of the Aliveri species and, consequently, the older age of the Aliveri spe-
cies compared to that of the Erkertshofen 1 species. Theocharopoulos (2000) tested 
the homogeneity of the Aliveri material using the “V” coefficient of variation intro-
duced by Freudenthal and Cuenca Bescós (1984) and, due to the results that proved 
the Aliveri “D. franconicus” material to be non-homogenous, allocated most of the 
molars to D. gracilis, leaving only 99 molars to D. franconicus. However, he men-
tioned the great difficulty in allocating each molar to one of the two species due to 
the similarities in size and morphology and admitted that some of the molars might 
have been included in the wrong species. Theocharopoulos (2000) also assigned a 
sample of 72 molars from Karydia to D. franconicus, mentioning that the stage of 
evolution of the Karydia species seems to be similar with that of the Aliveri species, 
hence more “primitive” and probably older than the type material of D. franconicus. 
The most recent review of the Karydia material led to the verification of the pres-
ence of the species (Wessels 2020 personal communication). Finally, Vasileiadou 
and Koufos (2005) assigned to this species 45 molars from Antonios. The authors 
mentioned the large size variation within the sample, which is not accompanied, 
however, by morphological variation.

Democricetodon gracilis (Fahlbusch, 1964)

Nomenclatural and Taxonomical History Democricetodon (Democricetodon) 
minor gracilis in Fahlbusch 1964 (new subspecies); Democricetodon gracilis in 
Fejfar 1974 (elevated to species level).

Type Material Right m1, BSPG 1959 II 247 (holotype), Bavarian State Collection 
for Paleontology and Geology in Munich (Fahlbusch 1964: Abb. 10a; Taf. 2.9).

Type Locality Sandelzhausen bei Mainburg, Germany, middle Miocene [MN5].

Distribution Early–middle Miocene (MN4–6) of Europe, Russia and Turkey.

Occurrences in Greece Aliveri, Karydia and Thymiana A.

K. Vasileiadou and I. Sylvestrou



483

Remarks According to the original diagnosis by Fahlbusch (1964) (in German) 
and the English translation by Wessels and Reumer (2009), this species is character-
ized by the smaller size and more elegant appearance than D. minor, the somewhat 
concave crown sides near the labial and lingual sinusids in most lower molars, the 
very short anteroconid that forms a flat triangle on most m1s, the very short to half 
long at most mesolophid and the often anteriorly curved metaconid on the lower 
molars, the mostly undulant labial crown side and the long mesoloph that often 
reaches the tooth border on the upper molars and the relatively narrow and undi-
vided anterocone on the M1. Wessels and Reumer (2009) studied a very large col-
lection of molars from the type locality (767 molars versus 15 molars that were 
included in the original description by Fahlbusch 1964) and gave a general descrip-
tion of the species, based on the most common occurrences of some characteristics. 
According to these authors, the mesoloph is of medium length or long on the M1, 
long or connected to the border on the M2, the mesolophid is of medium length or 
short on the m1 and short on the m2; the protolophule is simple on the M1 and 
double on the M2; the metalophule is posterior on the M1 and anterior or transverse 
on the M2.

This species has been described from Aliveri and Karydia by Theocharopoulos 
(2000) and mentioned in the faunal list of Thymiana A by de Bonis et al. (1997) 
without details on the material. Even though the species had already been reported 
in Aliveri by Theocharopoulos (2000) (see Remarks of D. franconicus), van den 
Hoek Ostende et al. (2015), in the most recent review of the Aliveri fauna, did not 
mention it in their faunal list (van den Hoek Ostende et al. 2015:Tab 1). Wessels and 
Reumer (2009) noticed that only D. gracilis from Aliveri has a double protolophule 
in most M1 (75%), which could be a “primitive” feature and is explained by the fact 
that the Aliveri gracilis is the oldest described until now. The most recent faunal list 
for Karydia (Wessels 2020 personal communication) does not include the species, 
but the molars previously assigned to it by Theocharopoulos (2000) are now 
assigned to Democricetodon sp.

Democricetodon gaillardi (Schaub, 1925)

Nomenclatural and Taxonomical History Cricetodon gaillardi in Schaub 1925 
(new species); Democricetodon gaillardi in Fahlbusch 1964 (new combination).

Type Material (Lectotype) fragment of left mandible with m1–m3, SMNS 43551, 
State Museum of Natural History Stuttgart (Schaub 1925: Pl. 1.9).

Type Locality Steinheim, Germany, middle Miocene [MN7/8].

Distribution Early–middle Miocene of Europe, Russia and Turkey.

Occurrences in Greece Karydia.

Remarks According to Maridet’s (2003) summary, the diagnosis by Schaub 
(1925) includes the following features: the M2 is relatively larger than in D. affinis, 
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the upper molars bear a strong mesoloph that ends at the molar border with a small 
elevation, a cingulum longer than in D. affinis that closes the transverse labial val-
ley, posteriorly directed proto- and metaloph but also always preserved anteriorly 
directed proto- and metaloph (“primitive” lophs); the m1 is somewhat elongated 
with a very strong anteroconid; the m3 is almost as long as the m2, and the posterior 
part is reduced in comparison with that in D. affinis; the mesolophid is long and 
ends on the edge of the tooth with a small cuspulid; the labial sinusid is symmetrical 
on the m1–2 and is directed labially from the anterior arm of the hypoconid. 11 
molars from Karydia have been allocated to D. cf. gaillardi by Theocharopoulos 
(2000). According to the author, the Karydia molars are smaller than those from the 
type locality, the anterior protoloph is stronger than the posterior one in all four M2 
and the metaloph is more often anteriorly directed (anteriorly directed in three and 
transverse in one M2) than in the type material. The Karydia material is interpreted 
by Theocharopoulos (2000) as more “primitive” than that from the type locality. 
However, these molars are now assigned to Democricetodon sp. (Wessels 2020 per-
sonal communication).

Democricetodon anatolicus Theocharopoulos, 2000

Type Material Left m1, HA 3 252 (holotype) (Theocharopoulos 2000: Pl. 6.2).

Type Locality Harami 3, Turkey, Lower Miocene [MN1].

Distribution Early Miocene of Turkey and Greece.

Occurrences in Greece Karydia.

Remarks Theocharopoulos (2000) gave the species original diagnosis as follows: 
“Low–crowned and small Democricetodon with blade–like anteroconid that is situ-
ated very close to the anterior cusps; a posterior paracone–spur is frequently pres-
ent in the upper molars; the posterior arm of the protoconid is connected to the 
metaconid in some m1”. He also mentioned that D. anatolicus is smaller than all 
other Democricetodon species. Indeed, also the species described after 2000 are 
larger than D. anatolicus. This species is known only with small assemblages from 
five Turkish localities (apart from the type locality) and Karydia. The Karydia 
molars (twelve in total) are somewhat smaller than the ones from the type locality, 
but morphologically similar to them (Theocharopoulos 2000). Since all known col-
lections are small (the largest being that of Kılçak 3a with 29 molars), the intraspe-
cific metrical and morphological variation is not well-known.

Karydomys Theocharopoulos, 2000

Type Species Karydomys symeonidisi Theocharopoulos, 2000.

Other Taxa Included K. zapfei (Mein and Freudenthal, 1971a); K. boskosi 
Theocharopoulos, 2000; K. dzerzhinskii Kordikova and de Bruijn, 2001; K. wigharti 
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Mörs and Kalthoff, 2004; K. debruijni Maridet et  al., 2011; K. strati López- 
Antoñanzas et al., 2019.

Distribution Early–middle Miocene of Eurasia.

Remarks This genus was created by Theocharopoulos (2000) to include species 
similar to Democricetodon but different in the more inflated cusps, the better devel-
oped ectolophs on the upper molars and the very small anteroconid on the m1.

★Karydomys symeonidisi Theocharopoulos, 2000

Type Material Right m1, KRD 541 (holotype) (Theocharopoulos 2000: Pl. 11.1).

Type Locality Karydia 1, Greece, Lower Miocene [MN4].

Distribution Early Miocene of Greece (only in Karydia).

Remarks According to the original diagnosis, this species’ molars have the fol-
lowing characteristics: they are larger than those of K. boskosi and smaller than 
those of K. zapfei; their cusps are conical; the M1 and m1 show “inflated” cusps; the 
M1 shows a metalophule that ends against the posteroloph; the metalophule may be 
absent in the M2; the mesoloph on the upper molars and the mesolophid on the 
lower ones are long and narrow. This species is only known from its type locality, 
with 27 molars from the type-level Karydia 1 and 32 molars (Fig. 18a–f) from the 
layer Karydia 2 (Theocharopoulos 2000).

★Karydomys boskosi Theocharopoulos, 2000

Type Material Left m1, KRD 2192 (holotype) (Theocharopoulos 2000: Pl. 9.13).

Type Locality Karydia 2, Greece, Lower Miocene [MN4].

Distribution Early Miocene of Greece (only in Karydia).

Remarks This is the smallest Karydomys species, with slender M1 and m1, both 
M1 and M2 bear a metalophule that ends against the posteroloph and the lophs on 
the upper molars are short and wide (Theocharopoulos 2000). It is known with 19 
molars from the type-level Karydia 2 and one molar from the layer Karydia 1 
(Fig. 18g–i).

★Karydomys strati López-Antoñanzas et al., 2019

Type Material Left M2, UM Thy 0–30 (holotype), University of Montpellier, 
France (López-Antoñanzas et al. 2019: Fig. 3B, I–L).

Type Locality Thymiana 0, Chios Island, Greece, late Lower Miocene [MN4].

The Fossil Record of Rodents (Mammalia: Rodentia) in Greece



486

Fig. 18 Karydomys symeonidisi from Karydia (type locality). a M1, b M2, c M3, d m1 (holo-
type), e m2, f m3. Karydomys boskosi from Karydia (type locality). g M1, h M2, i m1 (holotype). 
Images courtesy of C. Doukas. Scale bar equals 1 mm

Distribution Late early Miocene of Greece (only type locality).

Remarks According to the diagnosis, the M1–2 bear a posteriorly directed spur on 
the paracone and long and narrow mesolophs, and the M1 shows a labial spur on the 
anterolophule but lacks both anterior protolophule and metalophule, whereas the 
M2 has double protolophule and metalophule; the lower molars bear an ectomeso-
lophid and long and narrow mesolophids (López-Antoñanzas et  al. 2019). The 
material from the type locality is very limited, consisting only of one M1, three M2, 
one m1, two m2 and one fragmented m3 (including the holotype). It is thought to be 
“less evolved” than the other two Greek Karydomys species (K. symeonidisi and 
K. boskosi) due to the presence of an anterior metalophule on the M2, which is 
absent in these two species (López-Antoñanzas et al. 2019:43).

Megacricetodon Fahlbusch, 1964

Type Species Cricetodon gregarious Schaub, 1925.
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Other Taxa Included M. minor (Lartet, 1851); M. bourgeoisi (Schaub, 1925); 
M. ibericus (Schaub, 1944); M. lappi (Mein, 1958); M. collongensis (Mein, 1958); 
M. primitivus (Freudenthal, 1963); M. crusafonti (Freudenthal, 1963); M. bavaricus 
(Fahlbusch, 1964); M. schaubi Fahlbusch, 1964; M. similis (Fahlbusch, 1964); 
M. minutus Daxner, 1967; M. debruijni Freudenthal, 1968; M. bezianensis Bulot, 
1980; M. germanicus Aguilar, 1980; M. gersii Aguilar, 1980; M. sinensis Qiu et al., 
1981; M. freudenthali García Moreno (in Álvarez-Sierra and García Moreno 1986); 
M. lopezae García Moreno (in Álvarez-Sierra and García Moreno 1986); M. roussil-
lonensis Aguilar, Calvet and Michaux, 1986; M. crisiensis Radulescu and Samson, 
1988; M. aguilari Lindsay, 1988; M. sivalensis Lindsay, 1988; M. daamsi Lindsay, 
1988; M. mythikos Lindsay, 1988; M. rafaeli Daams and Freudenthal, 1988; M. four-
nasi Aguilar, 1995; M. lemartineli Aguilar, 1995; M. pusillus Qiu, 1996; M. wae 
Aguilar, Clauzon and Michaux, 1999; M. fahlbuschi Aguilar, Clauzon and Michaux, 
1999; M. lalai Aguilar, Clauzon and Michaux, 1999; M. dzhungaricus (Kordikova 
and de Bruijn, 2001); M. robustus Kälin and Engesser, 2001; M. andrewsi Peláez- 
Campomanes and Daams, 2002; M. aunayi Lazzari and Aguilar, 2007; M. tautavel-
ensis Lazzari and Aguilar, 2007; M. yei Bi et al., 2008; M. beijiangensis Maridet 
et al., 2011; M. vandermeuleni Oliver and Peláez-Campomanes, 2013; M. helleni-
cus Oliver and Peláez-Campomanes, 2016.

Distribution Miocene of Europe and Asia.

Remarks The huge number of species attributed to this genus (39) suggests that 
the genus might be over-split. Usually, the attribution of a Megacricetodon assem-
blage to a species is based on the predominance of certain morphotypes mainly of 
the two first upper and lower molars. This means that small assemblages cannot be 
identified with certainty. An assemblage from the Lower Miocene locality Antonios 
(10 m1, eight m2, three m3, six M1, seven M2, one M3) had initially been identified 
as M. primitivus (Vasileiadou and Koufos 2005), but was later mentioned as 
Megacricetodon sp. by Oliver and Peláez-Campomanes (2016). Additional material 
from the locality that is available to the authors will soon give more information on 
the assignment to a species. A single M3 from the locality Rema Patsiaris has been 
attributed to ?Megacricetodon sp. by Sylvestrou (2002).

★Megacricetodon hellenicus Oliver and Peláez-Campomanes, 2016

Type Material Right m1, IAUU AL–N–2096 (holotype), Institute of Earth 
Sciences, Utrecht University, The Netherlands (Oliver and Peláez-Campomanes 
2016: Fig. 10).

Type Locality Aliveri (North Quarry), Greece, Lower Miocene [MN4].

Distribution Known only from the type locality.
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Remarks According to the diagnosis by Oliver and Peláez-Campomanes (2016), 
this is a small-sized Megacricetodon species with slender crests and mesolophs/-ids 
generally of medium length. The m1 bears a rounded and simple anteroconid, lower 
than the four main cusps. The upper molars bear a long and angular entoloph and 
transverse sinus. The Megacricetodon assemblage from Aliveri (eight m1, 11 m2, 
seven m3, 17 M1, seven M2 and seven M3 in total from South and North Quarry) 
had been attributed to M. primitivus by Klein Hofmeijer and de Bruijn (1988). 
However, Oliver and Peláez-Campomanes (2016) differentiated the two species 
through the deeply split anterocone, shorter mesoloph and short entoloph on the 
M1, a higher percentage of absent ectoloph on the M2, a short entoloph on the M3, 
the same height of all cusps on the m1, shorter mesolophids on the m1–2 and the 
shorter lingual anterolophid on the m2 of M. primitivus than on the molars of 
M. hellenicus.

Megacricetodon primitivus (Freudenthal, 1963)

Nomenclatural and Taxonomical History Cricetodon minor primitivus in 
Freudenthal 1963 (new subspecies); Democricetodon (Megacricetodon) minor 
primitivus in Fahlbusch 1964 (new combination); Megacricetodon minor primitivus 
in Freudenthal 1965 (new combination); Megacricetodon primitivus in Bulot 1980 
(erected to species).

Type Material Right m1–m3 (holotype), Museum Sabadell 56–142 (Freudenthal 
1963:Pl. 1).

Type Locality Valtorres, Spain, Lower Miocene [MN4].

Distribution Early–middle Miocene of W and SE Europe and Turkey.

Occurrences in Greece Thymiana A and C.

Remarks The original diagnosis by Freudenthal (1963), as translated in English 
and emended by Daams and Freudenthal (1988), mentioned: “Three out of 36 m1 
have an ectomesolophid; in five out of 15 m3 a weak mesolophid or a remnant of the 
posterior metalophulid is present; in other respects this species agrees with 
M. minor”. According to the emended diagnosis by Oliver and Peláez-Campomanes 
(2014), this is a small Megacricetodon species showing a rounded and simple 
anteroconid, a short anterolophulid and usually no ectomesolophid on the m1; the 
mesoloph is present only rarely on the M3; the M1 always bears a double antero-
cone, normally with a small platform in front of the splitting groove; a strong lin-
gual mesocingulum connecting the hypocone and the anterocone is present in more 
than 20% of the M1, whereas the mesoloph is usually short to medium. The pres-
ence of M. primitivus in the middle Miocene localities Thymiana A and C is men-
tioned in faunal lists by de Bonis et  al. (1997), without additional information. 
According to Oliver and Peláez-Campomanes (2014), M. primitivus is restricted to 
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the Iberian Peninsula and France, and all other assemblages attributed to this spe-
cies differ in such a degree that they can be considered as different species. These 
authors have already shown that what was initially identified as M. primitivus from 
Aliveri by Klein Hofmeijer and de Bruijn (1988) belongs to M. hellenicus, whereas 
the material that was described as M. primitivus from Antonios by Vasileiadou and 
Koufos (2005) does not belong to this species. The species might not be present in 
Greece at all. The newest faunal list for the locality Karydia includes M. aff. primi-
tivus, but no information on the material is yet available (Wessels 2020 personal 
communication).

Megacricetodon minor (Lartet, 1851)

Nomenclatural and Taxonomical History Cricetodon minus in Lartet 1851 (new 
species); Megacricetodon minor in Freudenthal 1965 (new combination).

Type Material Left m1–m3, Ss 1235 (holotype), Museum Basil, Switzerland.

Type Locality Sansan, France, middle Miocene [MN6].

Distribution Middle–late Miocene (MN5–9) of Europe and Turkey.

Occurrences in Greece Chryssavgi 1.

Remarks The diagnosis by Lartet (1851) only mentions that this species is smaller 
than a house mouse. This very short diagnosis for the Sansan species has created 
many controversies about which species Lartet was referring to, as many additional 
“Cricetodon” species started being identified from Sansan. Schaub (1925) gave the 
first accurate description of the species, according to which, the m1 is long and nar-
row and bears a simple anteroconid, the m3 bears four cusps, a reduced entoconid 
and a not reduced posterior part, all lower molars show an anteriorly directed meta-
lophulid and a mesolophid of variable length, the M1 has an asymmetrically split 
anterocone far from the protocone and posteriorly directed proto- and metalophule, 
the M2–3 have anteriorly directed proto- and metalophule, the M2 shows traces of 
a posterior protolophule, the M3 is very short and rounded and the mesoloph of all 
upper molars is of variable length (from Daams and Freudenthal 1988). For a 
detailed revision on the nomenclatural and taxonomical history of the species, see 
Maridet and Şen (2012).

One m1 and one M1 from the middle Miocene locality Chryssavgi 1 have been 
attributed to this species by Koliadimou (1996). The two molars have been com-
pared with a number of species and were found to be similar in some features and 
different in some others to M. minor, M. debruijni and M. primitivus. Our opinion is 
that an assemblage of just two molars is far too small to be attributed to any species 
and the Chryssavgi 1 taxon should be referred to Megacricetodon sp. However, 
here, we retain the initial identification of Koliadimou.
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Cricetulodon Hartenberger, 1965

Type Species Cricetulodon sabadellensis Hartenberger, 1965.

Other Taxa Included C. hartenbergeri (Freudenthal, 1967); C. cretensis (de 
Bruijn and Meulenkamp, 1972); C. meini (Agusti, 1986); C. lucentensis (Freudenthal 
et  al., 1991); C. complicidens Topachevski and Scorik, 1992; C. bugesiensis 
Freudenthal et al., 1998.

Distribution Late Miocene of Spain and France, possibly Greece, Turkey and 
Ukraine (Kälin 1999).

Remarks A small cricetid from the late Vallesian fauna of Kastellios 1 was ini-
tially attributed to Cricetulodon cf. sabadellensis by de Bruijn et al. (1971), but after 
the recovery of a few more molars to Cricetulodon sp. by de Bruijn and Zachariasse 
(1979), who commented that the total material is “too poor a basis for a reliable 
assignment” and that the distinction of Cricetulodon from Kowalskia (now 
Neocricetodon) is “hazardous unless adequate material is available”.

★Cricetulodon cretensis (de Bruijn and Meulenkamp, 1972)

Nomenclatural and Taxonomical History Democricetodon affinis cretensis in de 
Bruijn and Meulenkamp 1972 (new subspecies); Cricetulodon cretensis in de Bruijn 
et al. 2012 (new combination and referral to the species level).

Type Material Left M1, PL. no. 23 (holotype) (de Bruijn and Meulenkamp 1972: 
Pl. 1.4).

Type Locality Plakias, Crete, Greece, Upper Miocene [early Vallesian (MN9)].

Distribution Known only from the type locality (Fig. 19).

Fig. 19 Cricetulodon cretensis from Plakias (type locality). a M1 (holotype), b M2, c m3. Images 
courtesy of H. de Bruijn. All specimens figured as left; b is reversed. Scale bar equals 1 mm
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Remarks The poor material from Plakias was initially described as a 
Democricetodon subspecies, but later tentatively transferred to Cricetulodon. De 
Bruijn et al. (2012) mentioned that “the material, enigmatic though it may be, is 
inadequate to properly define an unspecialized hamster species”. According to the 
same authors, the generic allocation of the small hamster from Plakias is problem-
atic mainly because: “(1) the anterocone of the M1 is narrow, basically undivided 
and situated labially and (2) the protolophule 2 of the M1–2 is stronger than the 
protolophule 1 and connects the paracone to the anterior arm of the hypocone 
instead of to the posterior side of the protocone as in most cricetines”. They tempo-
rarily allocated the material to Cricetulodon, which, occasionally, shows the above 
characters. Compared with the smallest Cricetulodon, C. hartenbergeri, the Plakias 
species has somewhat smaller teeth, a narrower anterocone on the M1 and a stron-
ger paracone–hypocone connection on the M1–2.

Neocricetodon Schaub, 1934
(= Epicricetodon Kretzoi, 1951, Neocricetodon Kretzoi, 1951, Kowalskia 
Fahlbusch, 1969, Karstocricetus Kordos, 1987, according to Freudenthal 
et al. 1998)

Type Species Cricetulus grangeri Young, 1927.

Other Taxa Included (according to Sinitsa and Delinschi, 2016) N. schaubi 
(Kretzoi, 1951); Neocricetodon ? lavocati (Hugueney and Mein, 1965); N. poloni-
cus (Fahlbusch, 1969); N. magnus (Fahlbusch, 1969); N. intermedius (Fejfar, 1970); 
N. fahlbuschi (Bachmayer and Wilson, 1970); N. moldavicus (Lungu, 1981); 
N. occidentalis (Aguilar, 1982); N. skofleki (Kordos, 1987); N. yinanensis (Zheng, 
1984); N. nestori (Engesser, 1989); N. polgardiensis (Freudenthal and Kordos, 
1989); N. browni (Daxner-Höck, 1992); N. progressus (Topachevski and Skorik, 
1992); N. similis (Wu, 1991); N. hanae (Qui, 1994); N. seseae Aguilar, Calvet and 
Michaux, 1995; N. ambarrensis Freudenthal, Mein and Martín Suárez, 1998.

Distribution Late Miocene–Pliocene (MN10–15) of Europe and Asia.

Remarks De Bruijn (1976) reported the presence of Neocricetodon sp. (as 
Kowalskia sp.) in the Turolian fauna of Kalithies. The material includes only one 
damaged m1 and one complete m3 and, according to the author, may belong to the 
same species with Neocricetodon (Kowalskia) specimens from Pikermi (i.e., N. aff. 
lavocati). Furthermore, Daams and van de Weerd (1980) identified a poor assem-
blage from the Lower Pliocene locality Agios Ioannis (Karpathos Island) as 
Neocricetodon sp. (as Kowalskia sp.). De Bruijn (1989) mentioned the presence of 
Neocricetodon intermedius (as Kowalskia intermedia) in the latest Vallesian faunal 
list from Lefkon, without details on the material. However, Daxner-Höck (1995) 
attributed the same material to Neocricetodon sp. (as Kowalskia sp.), because it is 
too scanty for a species identification and shows metrical and morphological differ-
ences from N. intermedius.
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Neocricetodon lavocati (Hugueney and Mein, 1965)

Nomenclatural and Taxonomical History Cricetulus lavocati in Hugueney and 
Mein 1965 (new species); Kowalskia lavocati in Fahlbusch 1969 (new combina-
tion); Neocricetodon lavocati in Freudenthal et al. 1998 (new combination).

Type Material Left M3, FSL 65212 (originally identified as an M2) (Hugueney 
and Mein 1965: Pl. 2.61–65).

Type Locality Lissieu, France, late Upper Miocene.

Occurrences in Greece Chomateri.

Distribution Late Miocene–Pliocene of Europe.

Remarks The species was initially named by Hugueney and Mein (1965) on the 
basis of four isolated molars from Lissieu. Daxner-Höck et al. (1996), in a revision 
of the genera Neocricetodon and Kowalskia, refer to the species as Kowalskia? lav-
ocati, mentioning that a definite generic attribution was not possible, due to the 
scarcity of the material from the type locality. Later, Freudenthal et  al. (1998) 
ascribed to this species some more molars from the type locality, but did not describe 
or illustrate the elements. According to Sinitsa and Delinschi (2016), the generic 
attribution of the species lavocati is still uncertain due to the poor knowledge of the 
material from the type locality.

De Bruijn (1976) described a small sample (10 molars) from Pikermi (Chomateri) 
as Kowalskia aff. lavocati, after comparison with Cricetulodon and Kowalskia (now 
Neocricetodon) species and recent Tscherskia triton. He found the Pikermi material 
morphologically closer to K. lavocati than to any other species; however, he men-
tions “the material from Pikermi is, notwithstanding its differences with known spe-
cies, not described as a new species because the association is considered to be too 
small to give a proper picture of the variation” (de Bruijn 1976:371). Ünay et al. 
(2006) created the species Allocricetus aylasevimae from the Upper Miocene local-
ity Çorakyerler (Anatolia, Turkey) and mentioned that the cricetine material from 
Pikermi (Chomatri) is very similar dimensionally and morphologically to their spe-
cies and may belong to it. Here, we retain the initial attribution by de Bruijn, since 
we have not seen the material in order to form our own opinion on its taxonomy.

★Neocricetodon browni (Daxner-Höck, 1992)

Nomenclatural and Taxonomical History Kowalskia browni in Daxner-Höck 
1992 (new species); Neocricetodon browni in Freudenthal et  al. 1998 (new 
combination).

Type Material Right Ml, MAA1 1343 (holotype) (Daxner-Höck 1992: Fig. 18.3).
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Type Locality Maramena, Greece, Miocene/Pliocene [Turolian/Ruscinian bound-
ary (MN13/14)].

Distribution Late Miocene/early Pliocene of Greece.

Occurrences in Greece Lava 2 and Maramena.

Remarks The material from the type locality was initially mentioned as Kowalskia 
fahlbuschi by de Bruijn (1989), but was later recognized as a new Kowalskia species 
by Daxner-Höck (1992). The diagnosis (translated from German) includes the fol-
lowing features: medium-sized Kowalskia species with a slightly elevated tooth 
crown, due to relatively high and massive cusps that project far above the tooth base 
and enclose narrow, deep valleys among them. The cusps are symmetrical and not 
leaning forwards or backwards. The anterocone of the M1 is broad and posteriorly 
divided into two parts. The M1 usually has 3 roots, rarely 4. The M3 is greatly 
reduced and varies in size and morphology of the posterior part. The mesoloph of 
the M1 is almost always long, of the M2 medium to long. A posterior labial sinus is 
small but mostly present on the M1–2. The ml is long and anteriorly mostly wide, 
with a 2–3-pointed anteroconid. The mesolophid is always present, on the ml–2 
long, on the m3 short to long. An ectomesolophid and various secondary cuspids in 
the labial and lingual sinusids are possible. A shorter diagnosis was later given by 
Daxner-Höck (1995), according to which this species shows medium-sized molars 
with narrow sinuses and sinusids among the high and conical cusps, wide, deeply 
split posteriorly and rounded and smooth anteriorly anterocone/conid, long or 
sometimes of medium length (not connected to the metacone) mesoloph/lophid. 
The species is represented by a large collection from Maramena with (apart from 
the holotype) 10 fragmented jaws and 155 isolated molars (Daxner-Höck 1992). It 
is also listed in the faunal list for the late Turolian fauna of Lava 2 by de Bruijn et al. 
(1999), with no additional information.

Hypsocricetus Daxner-Höck, 1992

Type Species Hypsocricetus strimonis Daxner-Höck, 1992.

Distribution Late Turolian–Turolian/Ruscinian boundary of N Greece.

★Hypsocricetus strimonis Daxner-Höck, 1992

Type Material Left maxilla with M1–2, MAA1 1812 (holotype) (Daxner-Höck 
1992: Fig. 20).

Type Locality Maramena, Greece, Miocene/Plioece [Turolian/Ruscinian bound-
ary (MN13/14)].

Distribution Besides its type locality, this species might be present in Monasteri 
(Turolian) and Ano Metochi 2–3 (Turolian/Ruscinian boundary).
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Remarks Initially mentioned in the faunal lists of the three N Greek localities by 
de Bruijn (1989) as “Cricetus” sp. A, the species was named by Daxner-Höck 
(1992) based on the rich material from Maramena. Its diagnosis is the same with 
that of the genus, since the latter is so far monospecific. The molars are medium- 
sized and slender. The high, pointed cusps project above the base of the sinuses by 
at least 2/3 of the total crown height and give the tooth a relatively hypsodont 
appearance. High ridges separate the labial from the lingual sinuses. The ml is nar-
row and bears a long, divided anteroconid; the gap between the symmetrical antero-
conid cuspids usually reaches the anterior margin. Starting from the two anteroconid 
cuspids, two ridges converge posteriorly on the longitudinal ridge. A mesolophid is 
absent from the ml, it may occur on the m2, but remains short; on the m3 it is always 
present and usually of medium length. The M1 is characterized by 3 opposing cusp 
pairs that, together with their connecting ridges, enclose 3 “rhomboidal funnels” 
(“Rautentrichter” of Schaub 1930). The Ml has 4 roots. The mesoloph covers half 
of the sinus’s length; it has the function of the anterior metaloph. On the M2–3, the 
labial anterolophulid dominates; the lingual is usually reduced. The Maramena col-
lection is very large and contains (apart from the holotype) 22 jaw fragments and 
538 isolated molars (Daxner-Höck 1995). De Bruijn (1989) placed the medium- 
sized cricetine from Maramena, Monasteri and Ano Metochi 2,3 in the same species 
(“Cricetus” sp. A), but Daxner-Höck (1995) suggested that the assignment of the 
Monasteri and the Ano Metochi 2–3 hamster to H. strimonis still has to be proven. 
No information on the material from these two localities has ever been published.

Mesocricetus Nehring, 1898

Type Species Cricetus nigricans Brandt, 1832 = M. raddei (Nehring, 1894).

Other Taxa Included (extant that are also found as fossils in Pleistocene assem-
blages) M. auratus (Waterhouse, 1839); M. newtoni (Nehring, 1898); M. brandti 
(Nehring, 1898); M. aramaeus Bate, 1943; (extinct) M. primitivus de Bruijn 
et al., 1970.

Distribution Late Miocene (MN13)–present of E Europe and W Asia.

Remarks Most of the extant species of Mesocricetus have been identified in 
Pleistocene Greek localities. Kuss and Storch (1978) described one m1, one m2, 
two m3 and one M1 of M. cf. aramaeus from the Biharian fauna of Kalymnos-Xi. 
However, van der Meulen and van Kolfschoten (1986) reported the presence of 
M. cf. auratus at the same locality, without giving details on the material, so it is not 
certain that the material they studied is that available to Kuss and Storch. M. cf. 
brandti has been reported from the Middle Pleistocene locality Latomi 1 (Storch 
1975) and M. newtoni from the Upper Pleistocene localities Loutra Almopias Cave 
LAC and LAC Ia (Chatzopoulou 2014) and Arnissa (Mayhew 1978). Furthermore, 
Theocharopoulos (1991), in his unpublished diploma thesis, reported the presence 
of one m2 on Mesocricetus sp. from the early Ruscinian fauna from Spilia 1.
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★Mesocricetus primitivus de Bruijn et al., 1970

Type Material Right m2, no. 113 (holotype) (de Bruijn et al. 1970: Pl. 4.10).

Type Locality Maritsa 1, Rhodes Island, Greece, Upper Miocene [Turolian 
(MN13)].

Distribution Late Miocene (MN13)–Pliocene (MN15) of Greece and Turkey.

Occurrences in Greece Maritsa 1 (Fig. 20b–c, e–f) and Nea Silata (Fig. 20a, d).

Remarks De Bruijn et al. (1970) named their species based on a collection of 14 
small Mesocricetus molars, with the following diagnostic features: well-developed 
mesolophids in the m2–3 and relatively strong “labial branch” of the anterior cin-
gulum in the M2–3. The authors added that the species differs from all extant 
Mesocricetus species due to its relatively short m2–3, the isolated position of the 
mesolophid in the m2–3 and the strong lingual cingulum in the M2–3. Van den 
Hoek Ostende et al. (2015) correctly noted that the “labial branch of the anterior 
cingulum” should be replaced by “lingual branch of the anterior cingulum” in the 
species’ diagnosis, a character which is nevertheless mentioned by de Bruijn et al. 
(1970) in the discussion as an important difference from the extant species.

De Bruijn et al. (1970) did not attribute any M1 or m1 from Maritsa 1 to their 
new species. However, they described two m1, one M1 and one M3 as “? Cricetulus 
sp.”. Based on the similarity of the Maritsa 1 m1 and M1 with molars of M. cf. 

Fig. 20 Mesocricetus primitivus. a M1, b M2, c M3, d m1, e m2 (holotype), f m3 [a and d from 
Nea Silata (KV personal data), b–c and e–f from Maritsa 1 (type locality), courtesy of H. de Bruijn. 
All specimens figured as left; a, e–f are reversed. Scale bar equals 1 mm
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primitivus from Çalta (Turkey), Şen (1977) attributed the Maritsa 1 molars to 
M. primitivus. Later, eight molars from Nea Silata were also attributed to this spe-
cies, based on comparisons with the type material (Vasileiadou et al. 2003). Finally, 
one M1, one partial upper molar and three m2 from the locality Kessani were identi-
fied as M. cf. primitivus (Vasileiadou et al. 2012). The Kessani m2 is similar to those 
from the type locality and from Çalta. However, the Kessani M1 has a stronger 
anterior protolophule than the Çalta M1 does. Furthermore, the Kessani M1 is lon-
ger than the one from Maritsa 1, its anterocone cusps are closer to each other and 
not as deeply split anteriorly as on the Maritsa 1 one and the connections between 
the cusps are stronger (Vasileiadou et al. 2012). Due to the small assemblages attrib-
uted so far with certainty to this species, the intraspecific morphological and metri-
cal variation is still unknown.

Cricetulus Milne-Edwards, 1867

Type Species Cricetulus griseus Milne-Edwards, 1867 (extant).

Other Taxa Included Only extant species belong to the genus: C. barabensis 
(Pallas, 1773); C. migratorius (Pallas, 1773); C. griseus Milne-Edwards, 1867; 
C. longicaudatus (Milne-Edwards, 1867); C. kamensis (Satunin, 1903); C. lama 
Bonhote, 1905; C. alticola Thomas, 1917; C. sokolovi Orlov and Malygin, 1988 
(see following paragraph: Allocricetus).

Distribution Pleistocene–present in E Europe and Asia.

Remarks The only species of Cricetulus reported from Greek fossil localities is 
C. migratorius. It has been found in the Biharian faunas of Tourkobounia 2 (van der 
Meulen and Doukas 2001), Volos (van der Meulen and van Kolfschoten 1986), in 
the Middle Pleistocene Latomi 1 (Storch 1975) and in the Upper Pleistocene Loutra 
Almopias Cave LAC and LAC Ia (Chatzopoulou 2014), Arnissa (Mayhew 1978) 
and Kitseli pothole (Tsoukala et  al. 2006). Cricetulus cf. migratorius has been 
found in the Biharian fauna from Kaiafas (van der Meulen and van Kolfschoten 
1986) and Tourkobounia 5 (Reumer and Doukas 1985).

Allocricetus Schaub, 1930

Type Species Allocricetus bursae Schaub, 1930.

Other Taxa Included A. ehiki Schaub, 1930. We here follow the opinion of 
Hordijk and de Bruijn (2009: 63) that “there are a number of other species of small 
cricetines that possibly belong in Allocricetus. However, the group seems to have 
been over-split on the generic level and needs to be revised. Moreover, a larger part 
of the fossil material of the small “modern” cricetines available in collections has 
not been studied. It is therefore impossible at this stage to give a comprehensive list 
of the species of Allocricetus.”
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Distribution Latest Miocene–Late Pleistocene of Europe and Turkey.

Remarks Schaub (1930) established his new genus and separated it from Cricetulus 
on bases of cranial features. He noticed that the dentitions of the two genera are 
indistinguishable, whereas some differences proposed by Tchernov (1968) are not 
really functional due to intrageneric variation. Chaline (1972) treats Allocricetus as 
a subgenus of Cricetulus. Due to the difficulty in distinguishing Allocricetus from 
Cricetulus, Sickenberg (1971) attributed two m1 from the Middle Pleistocene local-
ity Petralona to Allocricetus sp./Cricetulus sp. Further studies of dentitions of the 
Cricetulus extant species are necessary in order to understand the relationship 
between the two genera.

Allocricetus ehiki Schaub, 1930

Type Material Schaub (1930) neither designated a holotype for the species, nor 
did he mention the available material from the type locality. However, he gave mea-
surements of a skull, lower teeth and humeri and figured the reconstruction of a 
skull with incisor and three molars (Schaub 1930: fig. 18) and one right lower tooth 
raw with m1–m3 (Schaub 1930: Tab I.10) from the type locality.

Type Locality Kalkberg bei Villány, Hungary, Pliocene [MN16].

Distribution Latest Miocene–Middle Pleistocene of W Europe and Asia.

Occurrences in Greece Komanos 1 low A and B and Komanos 1 high A and B.

Remarks Hordijk and de Bruijn (2009) attributed to this species one m1 and one 
M1 from Komanos 1 low A and B and one M1 from Komanos 1 high A and B, based 
on their morphological and metrical similarity with comparative material from the 
type locality. Four partial mandibles with incomplete dentitions and 42 isolated 
molars from Maramena have been assigned to A. cf. ehiki by Daxner-Höck (1992). 
All this Greek material shows the general dental pattern of a modern cricetine: 
reduced or absent mesoloph/-id, equally deep sinus/-id with no extra ridge, wide 
anterocone/-id smooth on the crown anterior side and split in two cusps connected 
through low ridges anteriorly and posteriorly, usually double connections between 
the cusp pairs forming funnels between the labial and lingual cusps mainly in the 
upper molars, weak anterolophulid, anteriorly directed meta- and hypolophid and 
oblique meta- and hypolophulid on the lower molars.

Cricetinus Zdansky, 1928

Type Species Cricetinus varians Zdansky, 1928.

Other Taxa Included C. europaeus Kretzoi, 1959; C. gritzaii Topachevski and 
Scorik, 1992; C. beremendensis Hir, 1994; C. janossyi Hir, 1996; C. koufosi 
Koliadimou, 1996; C. mesolophidus Wu and Flynn, 2017.
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Distribution Early Pliocene–Middle Pleistocene of Europe and Asia.

Remarks This genus seems to be a rare element in the Plio–Pleistocene Eurasian 
faunas, known with small collections from a few localities with a great geographical 
distance among them. Its morphological features present a mixture of characters 
found also in other genera. More specifically, the m1 shows an undivided or weakly 
divided anteroconid and a very low single and longitudinal anterolophulid, features 
also found in Mesocricetus (Koliadimou 1996). Furthermore, the upper molars of 
Cricetinus resemble those of Cricetulus and Allocricetus, with no or weak meso-
lophs on the M1–2 and rare presence of a posterior metalophule on the M2 (Hir 
1997). It is possible, thus, that the records of Cricetinus are a few because its ele-
ments have been attributed to other genera.

★Cricetinus koufosi Koliadimou, 1996

Type Material Left mandible with m1–2, RVL289 (holotype) (Koliadimou 
1996:fig. 4.38.a), Museum of Geology-Paleontology-Paleoanthropology, Aristotle 
University of Thessaloniki.

Type Locality Ravin Voulgarakis, Greece, late Lower Pleistocene [Biharian 
(MNQ20)].

Distribution Biharian (MNQ19–MNQ20) of Greece.

Occurrences in Greece Marathoussa and Ravin Voulgarakis.

Remarks According to the diagnosis of this middle-sized Cricetinus species, 
given by Koliadimou (1996), it is characterized by the following features (translated 
from Greek): well-developed pre-anterocone, posterior metalophule and absence of 
“parametalophule” (an enamel crest between the metalophule and the posteroloph 
trimming the metacone on the lingual side, according to Hir 1994) on the M1; pres-
ence of posterior metalophule and rare parametalophule on the M2; absence of 
mesoloph on the Μ1 and presence on the M2–3; low anterolophulid on the m1; 
absence of mesolophid on the m1–2 and presence of small mesolophid on the m3. 
The material from the type locality (Fig. 21) includes (apart from the holotype) five 
m1, four m2, four m3, one partial maxilla with M1–2, 10 M1, eight M2 and four 
M3. A collection comprising 11 molars from the Lower Pleistocene locality 
Marathoussa (N Greece) has also been attributed to this species based on compari-
sons with the type material (Koufos et al. 2001).

Cricetus Leske, 1779

Type Species Cricetus cricetus Linnaeus, 1758 (only extant species of genus).

Other Taxa Included C. major Woldrich, 1880; C. runtonensis Newton, 1909; 
C. kormosi Schaub, 1930; C. nanus Schaub, 1930; C. praeglacialis Schaub, 1930; 
C. lophidens de Bruijn et al., 1970.
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Distribution Late Miocene–present of Europe and Asia.

★Cricetus lophidens de Bruijn et al., 1970

Type Material Right M1, no. 16 (holotype) (de Bruijn et al. 1970: Pl. 4.3).

Type Locality Maritsa 1, Rhodes Island, Greece, Upper Miocene [Turolian 
(MN13)].

Distribution Late Miocene–early Pliocene of Greece and Turkey.

Occurrences in Greece Maritsa 1 (Fig. 22).

Remarks De Bruijn et al. (1970) mentioned the following diagnostic features for 
this small Cricetus species: the molars have the same size with those of C. nanus 
and C. kormosi and are high-crowned; well-developed ridges connect the labial 
cusps, tending to form an ectoloph. A feature separating this species from C. nanus 
and C. kormosi is the larger height of the ridges in relation to the cusps on the upper 
molars, interpreted as a primitive feature (de Bruijn et al. 1970). Another primitive 
feature, according to the authors, is the rounded anterior margin of the M1. On the 
M1, the labial cusps are connected through a longitudinal ridge, which is a unique 
characteristic for C. lophidens. Apart from the holotype, the type locality has yielded 
six m1, 20 m2, five m3, 10 M1, 17 M2 and 10 M3.

Fig. 21 Cricetinus koufosi from Ravin Voulgarakis (type locality). a M1, b M2, c M3, d m1–2 
(holotype), e m3. Drawings courtesy of K. Koliadimou. All specimens figured as left; a–c are 
reversed. Scale bar equals 1 mm
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 Subfamily Myocricetodontinae Lavocat, 1961

Type Genus Myocricetodon Lavocat, 1952.

Calomyscus Thomas, 1905

Type Species Calomyscus bailwardi Thomas, 1905.

Other Taxa Included The genus contains 1–8 extant species that live in Asia; 
(extinct) C. minor de Bruijn et al., 1970; C. delicatus Aguilar et al., 1984.

Distribution Late Miocene of Spain, France, Greece and Turkey, present in Asia.

★Calomyscus minor de Bruijn et al., 1970

Type Material Partial right maxilla with M1–2, Nr. 786 (holotype) (de Bruijn 
et al. 1970: Pl. 5.3).

Type Locality Maritsa 1, Rhodes Island, Greece, Upper Miocene [Turolian 
(MN13)].

Distribution Late Miocene of Greece (and possible presence in Spain).

Occurrences in Greece Maritsa 1.

Remarks This species has similar dentition with the extant C. bailwardi, but 
smaller and with a weaker anterior cingulum on the m1, according to the diagnosis 

Fig. 22 Cricetus lophidens from Maritsa 1 (type locality). a M1 (holotype), b M2, c M3, d m1, e 
m2, f m3. Images courtesy of H. de Bruijn. All specimens figured as left; a–c and e–f are reversed. 
Scale bar equals 1 mm
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by de Bruijn et al. (1970). Its molars are larger than those of C. delicatus from the 
late Miocene of W Europe. The species is well represented in its type locality 
(Fig. 23), with, apart from the holotype, two maxillary and five mandibular frag-
ments with teeth, 76 m1, 64 m2, 28 m3, 53 M1, 52 M2 and seven M3 (de Bruijn 
et al. 1970; it is noted by the authors that not all the material collected was taken into 
account for these counts, as Calomyscus elements outnumber all other rodent ele-
ments sampled from the locality).

 Subfamily Gerbillinae Gray, 1825

Type Genus Gerbillus Desmarest, 1804.

Pseudomeriones Schaub, 1934

Type Species Lophocricetus abbreviatus Teilhard de Chardin, 1926.

Other Taxa Included P. tchaltaensis Şen, 1977; P. rhodius Şen, 1977; P. pythago-
rasi Black, Krishtalka and Solounias, 1980; P. latidens Şen, 1998; P. complicidens 
Zhang, 1999; P. megistos Sylvestrou and Kostopoulos, 2007; P. hansi Suata- 
Alpaslan, 2009.

Fig. 23 Calomyscus minor from Maritsa 1 (type locality). a M1–2 (holotype), b M3, c m1–2, d 
m3. Images courtesy of H. de Bruijn. All specimens figured as left; a is reversed. Scale bar 
equals 1 mm
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Distribution Late Miocene–Pliocene of Eurasia.

Remarks Six molars, most of which fragmented, from the Turolian faunas from 
Tomea Eksi 1 and 2 (Ptolemais basin) have been attributed to Pseudomeriones sp. 
by Hordijk and de Bruijn (2009), who mentioned that the material undoubtedly 
represents a new species but is too limited to be named with confidence. 
Pseudomeriones sp. is recorded from the Upper Miocene locality Ano Metochi 3 
(Wessels 1998, Wessels 1999), previously listed as P. abbreviatus by Armour-Brown 
et al. (1977), de Bruijn and van der Meulen (1979) and Şen (1983) and as P. rhodius 
by de Bruijn (1989). One worn m1 from the Turolian fauna of Kalithies was initially 
mentioned as Gerbillus sp. by de Bruijn (1976), later Black et al. (1980) referred it 
to P. pythagorasi based on its size and, finally, Wessels (1998, 1999) referred it as 
Pseudomeriones sp. – an identification followed herein.

★Pseudomeriones pythagorasi Black, Krishtalka and Solounias, 1980

Type Material Right m1, CM 36305 (Black et al. 1980: Fig. 8c).

Type Locality S3 (old collection), Samos Island, Greece, Upper Miocene [middle 
Turolian (MN12)].

Distribution Late Miocene (Turolian) of Greece and Turkey.

Occurrences in Greece Samos S3 and Mytilinii 1A, B (Fig. 24a–e).

Remarks Black et al. (1980) described this species based on the smaller size of its 
dental elements in comparison with P. abbreviatus, the presence of a stronger pos-
terior arm on the hypoconid of the m1, the more alternate cusps on the M1 and m1 
and the wider M1 and m1 than in P. abbreviatus. On the m1 of the species, the 
hypoconid posterior arm is strong and remains so until advanced wear stages (Black 
et al. 1980). According to Vasileiadou and Sylvestrou (2009), in the P. pythagorasi 
from the new Samos collection (Mytilinii 1A, B), there is a strong labial arm on the 
m1 that reaches the protoconid base. On the M2 there is a deep and wide, backwards 
curved lingual sinus, whereas the mesosinus is very shallow and transverse to the 
longitudinal axis of the teeth. The type locality yielded three m1 and four M1 in 
total, whereas the new material from Samos consists of one partial mandible with 
incisor and m1–2, two m1, one m2, two M1 and four M2 (Vasileiadou and Sylvestrou 
2009); thus, the present knowledge on the M2 and m2 of this species is based on the 
new Samos material.

★Pseudomeriones megistos Sylvestrou and Kostopoulos, 2007

Type Material Partial right mandible with i, m1–2, PLM–2 (holotype), Museum 
of Geology-Paleontology-Palaeoanthropology, Aristotle University of Thessaloniki 
(Sylvestrou and Kostopoulos 2007: Fig. 3).
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Fig. 24 Pseudomeriones pythagorasi from Mytilinii MTLA–B (Samos Island). a M1, b M2, c 
fragmented mandible with m1–2, d m1, e m2. Images KV and IS personal data. Pseudomeriones 
megistos from Monasteri. f M1–3 and from Paliambela-B (type locality). g M1–2, h right mandible 
with i–m2 (holotype). Drawings IS personal data. Pseudomeriones rhodius from Maritsa 1 (type 
locality). i M1, j M2, k M3, l m1 holotype, m m2, n m3. Images courtesy of H. de Bruijn. All 
specimens figured as left; c–e, g–n are reversed. Scale bar equals 1 mm, common for a–g, i–n
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Type Locality Paliambela-B, Katerini Basin, N Greece, Upper Miocene [MN13].

Distribution Late Turolian of Greece (Paliambela-B and Monasteri).

Occurrences in Greece Paliambela-B and Monasteri (Fig. 24f–h).

Remarks This is the largest Pseudomeriones species described so far. According 
to the diagnosis by Sylvestrou and Kostopoulos (2007), the first and second molars 
of both maxilla and mandible are wide and bear weak to absent posteroloph/id, the 
anterocone on the M1 is transversally extended, the anteroconid on the m1 is large, 
simple and crescent-like, the m2 bears well-developed protosinusid and antero- 
external cuspid and a “U”-shaped and slightly forward directed mesosinusid and the 
third molars are large and bear no cingula. On the two-rooted M2 the lingual sinus 
and mesosinus are equally deep and the former is transverse. Apart from the mate-
rial from the type locality, consisting of the holotype and one partial mandible with 
m1–m2, one partial maxilla with M1–M2 and one M2, Sylvestrou and Kostopoulos 
(2007) also attributed to their species a gerbil from Monasteri (Strimon basin, N 
Greece), previously attributed to P. rhodius by de Bruijn (1989) and Wessels (1998). 
The Monasteri material is richer, consisting of one m1, two m2, four m3, two M1, 
three M2 and two M3.

★Pseudomeriones rhodius Şen, 1977

Nomenclatural and Taxonomical History P. abbreviatus rhodius in Şen 1977 
(new subspecies); P. rhodius in Şen 1983 (raised to species level).

Type Material Right m1, no. 164 (holotype) (de Bruijn et al. 1970: Pl. 5.12).

Type Locality Maritsa 1, Rhodes Island, Greece, Upper Miocene [Turolian 
(MN13)].

Distribution Late Turolian–earliest Ruscinian (MN13–14) of Greece and Turkey.

Occurrences in Greece Maritsa 1.

Remarks The gerbil material from the type locality Maritsa 1 (Fig. 24i–n), con-
sisting of seven m1, nine m2, five m3, one M1, seven M2 and three M3, was initially 
attributed to P. abbreviatus by de Bruijn et al. (1970). Later, Şen (1977) attributed 
this material to the new subspecies P. abbreviatus rhodius, based on the following 
differences from P. abbreviatus from China: the Maritsa 1 molars are larger and 
more elongated, the m1 has a triangular anteroconid and its anterior labial and lin-
gual sinusids are equally large, the anterocone of the M1 is wide, the M2 has three 
roots and the m3 shows a rather complicated morphology (Şen 1983). A poor gerbil 
material has also been found in the locality Kessani (one m1, two m2, two m3, three 
M1); it was initially attributed to P. rhodius by Syrides et al. (1997) and later to P. cf. 
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rhodius by Vasileiadou et al. (2012), due to differences from the type material. The 
intraspecific morphological variation within P. rhodius is still not adequately known, 
since the type locality has revealed a small sample (e.g., including only one M1) and 
even smaller have been reported from other localities.

Meriones Illiger, 1811

Type Species Meriones tamariscinus Pallas, 1773 (extant).

Other Taxa Included (extant) M. meridianus Pallas, 1773; M. libycus Lichtenstein, 
1823; M. crassus Sundevall, 1842; M. shawii Duvernoy, 1842; M. hurrianae Jerdon, 
1867; M. unguiculatus Milne-Edwards, 1867; M. persicus Blanford, 1875; M. tris-
trami Thomas, 1892; M. rex Yerbury and Thomas, 1895; M. blackleri Thomas, 
1903; M. grandis Cabrera, 1907; M. sacramenti Thomas, 1922; M. arimalius 
Cheesman and Hinton, 1924; M. vinogradovi Heptner, 1931; M. zarudnyi Heptner, 
1937; M. dahlia Shidlovsky, 1962; M. chengi Wang, 1964; (extinct) M. maghrebia-
nus Tong, 1989; M. maximus Tong, 1989.

Distribution The extant Meriones is currently distributed from N Africa via the 
Arabian Peninsula and Anatolia to NW and SW Asia, with 17 species (Macdonald 
2009). It is also present in Pleistocene fossil and subfossil occurrences in the same 
area (e.g., M. shawii, M. tristrami).

Remarks The genus is presently known in Greece only from Kos Island with the 
species M. tristrami, which is the only European occurrence of the genus (Sozen 
et al. 2016). The same species has been reported from Pleistocene sediments in a 
cave of Kalymnos island (Kuss and Storch 1978), with 45 molars.

 Subfamily Murinae Illiger, 1811

Type Genus Mus Linnaeus, 1758.

Remarks De Bonis and Melentis (1975) described and illustrated a murin m2 from 
the locality Ravin de Zouaves 5. The tooth is rather large (L= 1.43 mm, W= 1.32 
mm), the antero-labial cuspid is medium-sized and connected with the protoconid 
through wear, there are no accessory cuspids on the labial side and the terminal heel 
is elongated and very thin; it has the shape of a low ridge. The authors suggest that 
these characters could place the molar in Valerymys Michaux, 1969. However, 
Valerymys was synonymized with Occitanomys Michaux, 1969 by Aguilar et  al. 
(1986), who included its type species [V. ellenbergeri (Thaler, 1966)] in the latter 
genus. Later, Mein et  al. (1993) transferred some other Valerymys species [i.e., 
V. vireti (Schaub, 1938), V. turoliensis Michaux, 1969 and V. oreopitheci Engesser, 
1989] in their new genus Huerzelerimys. Since the tooth cannot be located and its 
morphology is rather general to include it with certainty to a genus, it is here referred 
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to as Murinae indet. Murinae indet. have also been reported from Spilia 3–4 (van 
der Meulen and van Kolfschoten 1986), Tourkobounia 3, Tourkobounia 4, 
Tourkobounia 5 (Reumer and Doukas 1985), Choremi 3 (van Vugt et al. 2000) and 
Dimitra 2 (Syrides and Koliadimou 1994).

Progonomys Schaub, 1938

Type Species Progonomys cathalai Schaub, 1938.

Other Taxa Included P. woelferi Bachmayer and Wilson, 1970; P. hispanicus 
Michaux, 1971; P. debruijni Jacobs, 1978; P. castilloae Aguilar and Michaux, 1996; 
P. hussaini Cheema et  al., 2000; P. minus Şen, 2003; P. ibrahimi (Şen, 2003); 
P. sinensis Qiu et al., 2004; P. shalaensis Qiu and Li, 2016; P. morganae Kimura 
et al., 2017. Wessels (2009) considered P. castilloae, P. hussaini, P. minus, P. ibra-
himi and P. sinensis to be junior synonyms of P. cathalai; Kimura et al. (2017) do 
not agree with this synonymy and retain them as separate species.

Distribution Late Miocene (MN9–11) of Europe, Asia and N Africa.

Remarks Schaub (1938) did not give a diagnosis for his new genus. Mein et al. 
(1993), in a revision of the genus, gave the following diagnostic features: slightly 
larger than the extant Mus musculus, long and slender molars, no longitudinal con-
nections between the cusps/-ids; M1 with an almost oval outline, forward-situated tl 
without t1bis, joint t4–t5 through a high connection, a tendency to fuse with t8 
through a low crest that does not form a t7; t6 and t9 usually separated on the upper 
molars; one single lingual root on the upper molars; m1 with a reduced or absent 
tma, generally absent anteroconid–metaconid connection with the exception of very 
worn specimens; two main roots and a small central one on the m1. Based on this 
diagnosis, they placed only two species in the genus, i.e., P. cathalai and P. woelferi 
(and an unnamed species from Sinap Tepe 1).

Wessels (2009) gave a new emended diagnosis for the genus: “Murinae with 
long and slender molars, without longitudinal connections between the cusps. 
Outline of M1 varies between almost elliptical and elliptical with a strong indenta-
tion on its antero–lingual part. The t1 and t2 are mostly connected, the t2 is either 
close to t1 or placed further backwards, a t1bis is absent (>50%) or small. The t4 is 
united to t5 by a low to medium high connection, the t4 has the tendency to fuse with 
t8 by a low crest that never forms a t7. Upper molars with t6 and t9 separated in 
more than 50% of the M1 and M2. m1 has a small or absent tma; the base of the 
anteroconid and metaconid are close to each other, a short low connection is often 
present in unworn specimens and almost always present in worn specimens. Upper 
molars with one single lingual root, m1 with two main roots and a small central one 
in most specimens”.

Wessels’ (2009) study of large Progonomys assemblages from Turkey has proven 
that the Progonomys species can be separated mainly based on the size and the gen-
eral shape of the molars, whereas there is a large intraspecific morphological 
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variation. P. cathalai is in general smaller than P. woelferi, with a small size overlap. 
Small Progonomys assemblages are, therefore, difficult to identify with certainty to 
species level. De Bruijn et al. (1971) attributed the small murid samples from the 
locality Kastellios Hill (Crete, Greece) to Progonomys: from layer KA1 to P. cf. 
woelferi (16 molars) and from layer KA3 to both P. cathalai (13 molars) and P. cf. 
woelferi (3 molars). De Bruijn and Zachariasse (1979), after the addition of more 
material, confirm the presence of P. woelferi in the layer KA1 (112 molars in total) 
and mention the presence of P. cathalai also in layer KA2a (3 molars). Unfortunately, 
the presence of P. cf. woelferi in layer KA3 is not mentioned at all in this second 
work. Mein et al. (1993:46) excluded P. cathalai from layer KA3 from Progonomys 
(without transferring it to another taxon), because of the absence of a connection 
between t4 and t8, the absence of a tl2 in the upper molars, the great development 
of the labial cingula and the absence of a third root in the m1. However, Wöger 
(2011), in her diploma thesis (Vienna University), after studying P. woelferi from its 
type locality Kohfidisch, gives reasons for not following Mein et  al. (1993) in 
excluding P. cathalai from layer KA3 from Progonomys. Van Dam (1997) included 
one of the three molars from layer KA2a in P. hispanicus (without mentioning the 
other 2 specimens); in the same work, he also transferred P. cathalai from Biodrak 
(Greece; de Bruijn 1976) to P. hispanicus. Wessels (2009:94) erroneously men-
tioned in Table 6.1 the presence of P. cathalai in layer KA1 (instead of P. woelferi) 
and of P. woelferi in Biodrak (instead of P. cathalai) and in Table 6.6 (p. 114) of 
P. cf. cathalai in Lefkon (instead of P. cathalai; de Bruijn 1989). Finally, her 
Table 6.6 (page 115) shows the presence of P. woelferi in levels KA1 and KA3 and 
of P. cathalai in layers KA2a and KA3. Since the low part of the Kastellios Hill 
Section (including all above-mentioned fossiliferous layers) is correlated with the 
Chron C4Ar.1r by Zachariasse et al. (2011), it is not wrong to consider that the three 
fossiliferous layers do not have a big difference in age (9.3–9.1 Ma in Zachariasse 
et al. 2011) and treat the fauna from the three layers as one local fauna including 
both P. woelferi and P. cathalai (de Bruijn 2018 personal communication).

Progonomys cathalai Schaub, 1938

Type Material Right M1, No. 584 (holotype), Natural History Museum, Basel 
(Schaub 1938: Pl. 1.8).

Type Locality Montredon, niveau Depéret (Hérault), France, Upper 
Miocene [MN10].

Distribution Late Miocene of Europe, Asia and N Africa.

Occurrences in Greece Kastellios, Ravin de la Pluie, Biodrak and Lefkon.

Remarks Schaub (1938) did not give a diagnosis for the species. Wessels’ (2009) 
study of a very large P. cathalai assemblage from the Turkish localities Altıntaş and 
Kütahya (1247 specimens) contributed greatly to the knowledge of the intraspecific 
size and morphological variation and the differences of this species with the other 
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Progonomys species. There is a large variation in the position of the t1, but the cusp 
is placed backwards less often than in the other species; the t1 and t5 can be con-
nected at their base through wear; the t6–t9 connection is absent in 20% of the M1; 
the t12 is well developed; a very small tma is present in less than 10% of the m1; the 
labial cingulum is weak with a medium-sized C1 on the m1 (Wessels 2009:113). 
The assignment of the small Progonomys assemblages from the Greek localities 
Kastellios (see above Remarks on Progonomys), Ravin de la Pluie (one partial right 
maxilla with M1–3; de Bonis and Melentis 1975) and Biodrak (11 molars; de Bruijn 
1976) to this species is mainly based on the small size of the molars. The species is 
also reported from Lefkon (de Bruijn 1989), without information about the material.

Progonomys woelferi Bachmayer and Wilson, 1970

Type Material Partial maxilla with M1–2, No. 1970/1395 (holotype), Natural 
History Museum Vienna (Bachmayer and Wilson 1970: Pl. 11.57).

Type Locality Kohfidisch, Austria, Upper Miocene [MN11].

Distribution Late Miocene of Europe (Spain, Austria, Greece).

Occurrences in Greece Kastellios.

Remarks The diagnosis given by Bachmayer and Wilson (1970) mentions that this 
species has larger molars than those of Progonomys cathalai by approximately 
15%. The Ml–2 have three roots, but may also show a broad inner root; they are 
maybe slightly more stephanodont than in P. cathalai, as the t6 and t9 may be closer 
together. The m1 shows no or only a very small anteroconid. P. woelferi from 
Kastellios (de Bruijn et al. 1971; de Bruijn and Zachariasse 1979) shows great mor-
phological similarity with the material from the species’ type locality, even though 
it is on average slightly larger. This size difference, together with the fact that the 
Kohfidisch upper molars show a better-developed t6–t9 connection than the 
Kastellios ones, has been attributed to an age difference between the two assem-
blages: the Kastellios material seems to be more “primitive” than the one from 
Kohfidisch. This is further confirmed by the ages of the two assemblages, as the 
Kastellios fauna is dated to 9.3–9.1 Ma (Zachariasse et al. 2011) and the Kohfidisch 
fauna to 8.6–8.5 Ma (Wöger 2011).

Parapodemus Schaub, 1938

Type Species Mus gaudryi Dames, 1883.

Other Taxa Included (following de Bruijn et  al. 1999) P. lugdunensis Schaub, 
1938; P. barbarae van de Weerd, 1976; P. meini Martín Suárez and Freudenthal, 1993.

Distribution Late Miocene–Pliocene (MN11–15) of Europe and Asia.
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Remarks De Bruijn (1976) gave an emended diagnosis for the genus, based on 
which Parapodemus has a dental pattern close to that of Apodemus, but the t7 is 
either absent or weak in the majority of the M1–2. The author clarified that a mini-
mum of 10 M1–2 must be present in an assemblage so as to safely distinguish the 
two genera. De Bruijn et al. (1999) revised the status of Parapodemus, its type spe-
cies P. gaudryi and the holotype of the species, which was considered lost since 
1947 but was found in 1999 in the collections of the Geology Department of the 
University of Athens. They noticed that the grade of evolution for M1–2 is different 
in large Parapodemus/Apodemus assemblages (more M2s than M1s show the 
“Apodemus” morphology with a t7 and less show the “Parapodemus” morphology 
without a t7). They redefined the genus, choosing the use of only the M1s in an 
assemblage. Thus, the t7 has to be absent in the majority of the M1s in assemblages 
with at least 10 M1 in order to assign the assemblage to Parapodemus (de Bruijn 
et al. 1999:106).

★Parapodemus gaudryi (Dames, 1883)

Nomenclatural and Taxonomical History Mus (?Acomys) gaudryi in Dames 
1883 (new species); Acanthomys gaudryi in Forsyth Major 1891 (new combina-
tion); Parapodemus gaudryi in Schaub 1938 (new combination). Considered by de 
Bruijn (1976) and de Bruijn et al. (1999) as the senior synonym of Parapodemus 
schaubi Papp 1947.

Type Material Mandible with right m2–3 and left m2 (holotype; Dames 1883: 
Taf. V.2; de Bruijn et al. 1999: Pl. 1.8). The designated neotype of de Bruijn (1976:Pl. 
3.8) is set aside upon the re-discovery of the holotype.

Type Locality Pikermi (Megaloremma), Greece, Upper Miocene [Turolian 
(MN12)].

Distribution Late Miocene, Turolian (MN11–12) of Europe.

Occurrences in Greece Vathylakkos-3, Samos Quarry 4, Chomateri, Megaloremma 
and Rema Marmara.

Remarks Dames (1883) based his new species on one mandible with complete 
dentition but damaged in the symphysis area and the posterior part. Consequently, 
the mandible was further damaged, leading to the current presence of only the right 
m2–3 and left m2 (for the history of the specimen and its taxonomic situation, see 
de Bruijn et  al. 1999). De Bruijn (1976) attributed a collection from Pikermi 
(Chomateri) to P. gaudryi, based on the presence of a ridge connecting the t4 and t8 
instead of a cusp (t7) in most of the M1 (seven out of 12) and in half of the M2 (two 
out of four). The authors also designated a neotype for the species from Pikermi 
(Chomateri), since the holotype from Pikermi (Megaloremma) had been lost. De 
Bruijn et al. (1999) argued that the two localities (Megaloremma and Chomateri), 
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with a distance of about 3.7 km between them, more or less represent the same 
horizon; thus the designation of a neotype from a locality different than the type 
locality was justified. Further material from Greece is reported by Schaub (1926), 
who identified a partial skull with worn dentition from Samos Quarry 4 as Mus 
gaudryi. The locality Rema Marmara in N Greece has also yielded P. gaudryi (de 
Bruijn 1989), but no details on the material has been published. Finally, the pres-
ence of P. schaubi has been reported from the N Greek locality Vathylakkos-3 with-
out further details on the material (de Bonis and Koufos 1999).

Parapodemus lugdunensis Schaub, 1938

Type Material Right M1, P.L.63 (holotype), Natural History Museum, Basel 
(Schaub 1938: Fig. 27).

Type Locality Mollon, France, Upper Miocene [Turolian (MN11)].

Distribution Late Miocene, Turolian (MN10–12) of Eurasia.

Occurrences in Greece Lefkon.

Remarks The m1 of the species usually has a more or less symmetrical anteroco-
nid complex, with a well-developed antero-central cuspid almost in half of the pop-
ulation, large c1 and two or three accessory cuspids and no longitudinal spur; the 
m2 has a distinct antero-labial cuspid and a well-developed c1; the M1 is character-
ized by high connections among the cusps, the t1 appears compressed on the lingual 
wall of the t2, the t6 is close to the t9, the t12 is large and there are three roots; on 
the M2 the t6 is close to and connected to the t9. Parapodemus cf. lugdunensis is 
reported from the Upper Miocene (MN10) locality Lefkon by de Bruijn (1989), but 
without descriptions or details on the assemblage.

Hansdebruijnia Storch and Dahlmann, 1995
(=Senia Sarıca-Filoreau, 2002, according to Hordijk and de Bruijn 2009)

Type Species Occitanomys? neutrum de Bruijn, 1976.

Other Taxa Included H. pusilla (Schaub, 1938); H. perpusilla Storch and Ni, 
2002; H. amasyaensis (Sarıca-Filoreau, 2002); H. erkinsae Ünay et al., 2006.

Distribution Late Miocene (Turolian, MN11–13) of E Europe and Asia.

Remarks The genus Hansdebruijnia was initially named as a subgenus of 
Occitanomys by Storch and Dahlmann (1995) and was later elevated to the generic 
rank by Storch and Ni (2002).
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★Hansdebruijnia neutrum (de Bruijn, 1976)

Nomenclatural and Taxonomical History Occitanomys? neutrum in de Bruijn 
1976 (new species); Hansdebruijnia neutrum in Storch and Dahlmann 1995 (new 
combination).

Type Material Right M1, no. 262 (holotype) (de Bruijn 1976: Pl. IV.10).

Type Locality Pikermi (Chomateri), Greece, Upper Miocene [Turolian (MN12)].

Distribution Late Miocene, Turolian (MN11–13) of E Europe and Asia.

Occurrences in Greece Chomateri, Rema Marmara, Kalithies and Maramena.

Remarks De Bruijn (1976) defined this species based on a collection of 15 molars 
(Fig. 25) from Pikermi (Chomateri) as a “small Occitanomys–like murid” with sim-
ilar size to that of O. sondaari van de Weerd 1976, without a ridge connecting the t4 
and t8 on the M1, without a t1 bis on the M1–2 and with a small antero-central cusp 
that is lower than the anteroconid cuspids on the m1. The author noticed that this 
species is different from other Occitanomys species in a great degree. He also attrib-
uted to O.? cf. neutrum four molars from Kalithies, based on the great similarity of 
the three of them with the respective molars from Chomateri (the M1 from Kalithies 

Fig. 25 Hansdebruijnia neutrum from Pikermi–Chomateri (type locality). a M1 (holotype), b 
M2, c m1, d m2. Images courtesy of H. de Bruijn. All specimens figured as left; a is reversed. Scale 
bar equals 1 mm
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is mentioned as resembling the M1 of Parapodemus lugdunensis rather than that of 
O.? neutrum). Storch and Dahlmann (1995) created Hansdebruijnia as a subspecies 
of Occitanomys and attributed the rich material from the Turolian/Ruscinian local-
ity Maramena (165 first and second upper and lower molars in total), originally 
referred to as O. cf. neutrum by de Bruijn (1989), to O. (H.) neutrum, reporting as 
only difference the presence of a weak to moderate t1bis in about 60% of the 
Maramena M1  in contrast to the absence of this cuspule from all four M1 from 
Chomateri. The absence of the t1bis is a diagnostic feature of the species, but it is 
only based on the four M1 found in Chomateri; the scantiness of the type material 
cannot verify the intraspecific variability of this feature. The species has also been 
reported from the locality Rema Marmara by de Bruijn (1989), but there are no 
details on the assemblage.

“Karnimata” Jacobs, 1978 or Muridae incertae sedis

Type Species “Karnimata” darwini Jacobs, 1978.

Taxa Included “K.” hipparionum (Schlosser, 1924); “K.” provocator (de Bruijn, 
1976); “K.” huxlei Jacobs, 1978; “K.” minima Brandy, 1979; “K.” intermedia 
Brandy, 1979; “K.” afghanensis Brandy, 1979; “K.” inflata Mein, Moissenet and 
Adrover, 1990.

Distribution Late Miocene (Turolian, MN12–13) of Europe and Asia.

Remarks The type species of “Karnimata”, “K.” darwini, was synonymized with 
Progonomys woelferi Bachmayer and Wilson 1970 by Mein et al. (1993), an opin-
ion also shared by authors such as de Bruijn et al. (1999) and Wessels (2009), but 
not shared by others such as Storch and Ni (2002) and Kimura et al. (2017). The 
consequence of the synonymy would be the absence of a proper genus name to 
include all the species of the genus apart from the type species. Mein et al. (1993) 
mentioned that the group of species assigned to “Karnimata” is not homogenous; 
thorough study of the available material in order to clarify relationships and generic 
attribution is still pending.

★“Karnimata” provocator (de Bruijn, 1976)

Nomenclatural and Taxonomical History Occitanomys? provocator in de Bruijn 
1976 (new species); “Karnimata” provocator in de Bruijn et  al. 1999 (new 
combination).

Type Material Left M1, no. 232 (holotype) (de Bruijn 1976: Pl. IV.1).

Type Locality Pikermi (Chomateri), Greece, Upper Miocene [Turolian (MN12)].

Distribution Late Miocene, Turolian (MN12–13) of Greece and Turkey.
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Occurrences in Greece Samos S3, Mytilinii 1A and Chomateri.

Remarks This species was defined based on 16 first and second upper and lower 
molars (Fig. 26) from Chomateri, which are similar in size with Occitanomys adrov-
eri from Los Mansuetos, with a rounded and isolated t1 and no t1bis on the M1–2, 
with a t3 without a posterior spur and without a longitudinal ridge on the m1–2 (de 
Bruijn 1976). One partial skull with the right M1–M2 and the left M1–M3, one 
isolated M1 and one m1 described by Black et al. (1980), as well as one isolated m1, 
a partial mandible with the m2–m3, one m2 and two m3 described by Vasileiadou 
and Sylvestrou (2009), both assemblages from Samos Island (S3 and Mytilinii 1A, 
respectively), have also been attributed to this species.

Occitanomys Michaux, 1969

Type Species Occitanomys brailloni Michaux, 1969.

Other Taxa Included (including the species of Centralomys de Giuli, 1989 and 
Rhodomys Martín Suárez and Mein, 1991, according to Hordijk and de Bruijn 2009) 
O. adroveri (Thaler, 1966); O. sondaari van de Weerd, 1976; O. magnus (Şen, 
1977); O. montheleni Aguilar et  al., 1986; O. alcalai Adrover et  al., 1988; 
O. debruijni (Şen, Jaeger, Dalfes, Mazin and Bocherens, 1989); O. benericettii (de 
Giuli, 1989); O. vandami Suata Alpaslan, 2009.

Fig. 26 “Karnimata” provocator from Pikermi–Chomateri (type locality). a M1 (holotype), b 
M2, c m1, d m2. Images courtesy of H. de Bruijn. All specimens are left. Scale bar equals 1 mm
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Distribution Late Miocene (MN10)–middle Pliocene of Europe and Turkey.

Remarks Michaux (1969) established this genus for brailloni and adroveri, based 
on their degree of stephanodonty, which is weaker than that of Stephanomys and 
Castillomys, but stronger than that of Apodemus, and the position of the t1 on the 
M1, which is posterior. The genus is further characterized by very brachyodont 
molars; the oldest species show a trace of a longitudinal connection in the lower 
molars, which becomes stronger in younger species; the m1 lacks a tma, although 
occasionally a very small cuspule is present; in the upper molars a t12 is poorly 
developed and in the M1 the t1 is located very far backwards and in younger species 
it develops a posterior connection with the t5 (Freudenthal and Martín Suárez 1999). 
It differs from Progonomys through the presence of a t6–t9 connection on more than 
50% of the M1 (van Dam 1997). Martín Suárez and Mein (1991) created the subge-
nus Rhodomys, including in it the species debruijni (type species) and sondaari. 
According to these authors, the subgenus has the following features: the molars are 
small-sized, the tl on the M1 is positioned very far backwards, often isolated from 
the t2 and sometimes connected to the t5, on the m1 there is no tma and the longitu-
dinal spur between the entoconid and the protoconid is very weak and the m2 is 
posteriorly reduced and sometimes bears a c2. Freudenthal and Martín Suárez 
(1999) included in this subgenus also O. adroveri and Suata Alpaslan (2009) her 
species O. vandami. Hordijk and de Bruijn (2009) do not agree with these alloca-
tions and consider Rhodomys to be a junior synonym of Occitanomys, as some 
diagnostic characters of the subgenus may occur within the range of the intraspe-
cific variation in various Occitanomys (Hordijk and de Bruijn 2009:33).

Occitanomys brailloni Michaux, 1969

Type Material Left M1, LY8a3 (holotype), Museum of Miquel Crusafont 
Palaeontological Institute, Sabadell, Spain (Michaux 1969: Pl. 1.4).

Type Locality Layna (Soria), Spain, Lower Pliocene.

Distribution Late Miocene (Turolian, MN12)–Early Pleistocene of Europe 
and Turkey.

Occurrences in Greece Rema Marmara, Nea Silata, Spilia Kardia, Vorio-1, 
Ptolemais 1, Vorio 3, Ptolemais 3 and Spilia 3–4.

Remarks This is a rather common species in S Europe including Greece. Michaux 
(1969) distinguished it from O. adroveri through its larger size, the more inflated 
cusps and the reduced posterior part of the M1–2. Further morphological features of 
the species are the following: t1 connected with the t5 but not with the t2, well- 
developed t1bis and a rather high t4–t8 connection on the M1, weak labial cingulum 
with one or two accessory cuspids on the m1 and very weak to absent labial cingu-
lum with no or one cuspid on the m2. Vasileiadou et al. (2003) assigned to O. brail-
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loni 167 molars from the locality Nea Silata. A few molars from the localities Kardia 
(12), Ptolemais 1 (1) and Ptolemais 3 (4) have been attributed to this species by van 
de Weerd (1979), who mentioned that these molars differ from those from the type 
locality in the presence of a spur on the t3 of the M1 and of a weak longitudinal 
ridge on the m1–2. A few molars of O. brailloni have been described from Vorio 1 
(1) and Vorio 3 (12) by Hordijk and de Bruijn (2009). The species is also present in 
the faunal lists of Rema Marmara and Spilia 0 and 1 (de Bruijn 1989), as well as of 
Spilia 3 and 4 and Limni 3 (as cf.) (van der Meulen and van Kolfschoten 1986), with 
no information on the assemblages.

Occitanomys adroveri (Thaler, 1966)

Nomenclatural and Taxonomical History Parapodemus adroveri in Thaler 1966 
(new species); Occitanomys adroveri in Michaux 1969 (new combination).

Type Material M1–M3, M. 4029 (holotype), Museum of Miquel Crusafont 
Palaeontological Institute, Sabadell, Spain.

Type Locality Los Mansuetos, Spain, Upper Miocene [Turolian (MN12)].

Distribution Late Miocene (Turolian MN12)–early Pliocene (MN14) of Europe.

Occurrences in Greece Monasteri, Kessani-1, Ano Metochi 3, Spilia 0, Komanos 
1 low A and B and Komanos 1 high A and B.

Remarks This species shows a small t1bis, low t4–t5 and t4–t8 connections and a 
small t12 on the M1, as well as a t1bis confluent with the t1, a small t3 and low t4–t5 
and t4–t8 connections on the M2. Hordijk and de Bruijn (2009) noticed minor dif-
ferences between their samples from Komanos (Ptolemais Basin, N Greece) and the 
material from the type locality Los Mansuetos, among which is the somewhat stron-
ger t4–t5 connection and the generally weaker t12 in the M1–2, the presence of two 
fully developed lingual roots on one M2, as well as the slightly better developed 
longitudinal spur of the last chevron and the better developed terminal heel in the 
m1–2 from Komanos. The authors commented that “considering the geographical 
and stratigraphical distance between these associations this similarity is surpris-
ing” (Hordijk and de Bruijn 2009:33). The Komanos localities have been dated to 
5.23 and 5.22 Ma and are lithostratigraphically correlated with the locality Kardia, 
where O. brailloni has been found (Hordijk and de Bruijn 2009). The authors com-
mented that this might mean either that the two species were coeval in the Ptolemais 
Basin or that the correlation between the localities is wrong. A small collection of 
seven molars from Kessani (N Greece) has also been assigned to this species by 
Vasileiadou et al. (2012), whereas the locality Nea Silata (N Greece) has yielded 
O. brailloni (Vasileiadou et al. 2003). Since these two localities are almost coeval, 
correlated with the time interval 5.4–5.23 Ma (Koufos and Vasileiadou 2015), it 
appears indeed possible that the two species co-existed in N Greece during that 
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period, but have never been found in the same locality. O. adroveri has also been 
reported from Monasteri, Ano Metochi 3 and Spilia 0 (de Bruijn 1989), with no 
details on the materials.

★Occitanomys debruijni (Şen, Jaeger, Dalfes, Mazin and Bocherens, 1989)

Nomenclatural and Taxonomical History Castillomys debruijni in Şen et  al. 
1989 (new species); Occitanomys debruijni in Martín Suárez and Mein 1991 (new 
combination).

Type Material Right M1, no. 471 (holotytpe) Department of Earth Science 
Utrecht, The Netherlands (de Bruijn et al. 1970: Pl. 2.3).

Type Locality Maritsa 1, Rhodes Island, Greece, Upper Miocene [Turolian 
(MN13)].

Distribution Late Miocene (Turolian)–early Pliocene (MN12–14) of Greece 
and Turkey.

Occurrences in Greece Maritsa 1 and Tomea Eksi 1 and 2.

Remarks This species was named by Şen et al. (1989), based on the rich material 
from Maritsa 1 (93 molars in total; Fig. 27), which had been identified as Castillomys 

Fig. 27 Occitanomys debruijni from Maritsa 1 (type locality). a M1 (holotype), b M2, c M3, d 
m1–2. Images courtesy of H. de Bruijn. All specimens are right but reversed and figured as left. 
Scale bar equals 1 mm
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crusafonti by de Bruijn et al. (1970) and Castillomys sp. by van de Weerd (1976), 
exhibiting the following features: lower molars with weak longitudinal connection, 
absent or weak connection between the t3 and the t5–t6 on the M1, isolated poste-
rior cusp on the M3 and a size intermediate between those of C. crusafonti and 
C. magnus. Martín Suárez and Mein (1991) transferred the species to Occitanomys 
and created the subgenus Rhodomys based on it; they gave an emended diagnosis 
for the species including the following features: large-sized molars, with a large and 
sometimes isolated t1bis on the M1, a reduced or absent connection between the t3 
and t5, an isolated t8 on the M3, a weak longitudinal spur on the lower molars and 
absence of the c1 from the m2. Hordijk and de Bruijn (2009) assigned to this species 
two samples from Tomea Eksi 1 (eight molars) and Tomea Eksi 2 (35 molars) 
(Ptolemais Basin, N Greece). The authors mentioned the striking morphological 
similarity of their material with the material from the type locality and the presence 
of only minor differences, e.g., the posterior spur of the t3 is weaker in the M1 and 
the t1bis is on average less separate from the t1 in the M2 from Tomea Eksi than in 
the respective molars from Maritsa 1, and the longitudinal spur between the second 
and third chevron in the m1–2 from Tomea Eksi is weak or absent, while it varies 
between strong and absent in the molars from Maritsa 1.

Occitanomys magnus (Şen, 1977)

Nomenclatural and Taxonomical History Castillomys magnus in Şen 1977 (new 
species); Centralomys magnus in Martín Suárez and Mein 1991 (new combination); 
Occitanomys magnus in Hordijk and de Bruijn 2009 (new combination).

Type Material Right M1, ACA–824 (holotype) (Şen 1977: Pl. 1.1).

Type Locality Çalta, Turkey, Pliocene [Ruscinian (MN15)].

Distribution Late Miocene (middle Turolian)–early Pliocene (late Ruscinian) of 
Greece and Turkey.

Occurrences in Greece Notio 1.

Remarks The species was created by Şen (1977), based on four m1, five m2, two 
m3, three M1, three M2 and one M3 from Çalta. The M1 is rather stephanodont, 
with the t1 and t3 far from the t2 and with posteriorly directed spurs and with a 
reduced t12; the m1 does not bear an antero-central cuspid and shows strong labial 
margin and low median ridge between second and third chevron. Hordijk and de 
Bruijn (2009) assigned one complete and one partial M1 and one complete M2 from 
Notio 1 to O. magnus based on their size and high degree of stephanodonty.

Micromys Dehne, 1841

Type Species Mus minutus Pallas, 1771.
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Other Taxa Included M. praeminutus Kretzoi, 1959; M. bendai van de Weerd, 
1979; M. steffensi van de Weerd, 1979; M. paricioi Mein, Moissenet and Adrover, 
1983; M. chalceus Storch, 1987; M. cingulatus Storch and Dahlmann, 1995; M. cae-
saris Minwer-Barakat et al., 2008.

Distribution Late Miocene (Turolian, MN12)–present of Eurasia.

Remarks The molars of the genus are rather brachyodont, with the upper ones 
showing a large number of roots and M1 showing a wide distance between the t3 
and t6 (Freudenthal and Martín Suárez 1999). It is represented by seven extinct spe-
cies and only one extant, M. minutus, with a very wide geographical distribution. 
Van der Meulen and van Kolfschoten (1986) reported the presence of M. cf. minutus 
in the Biharian locality Zeli 2 A and B, with no additional details.

★Micromys bendai van de Weerd, 1979

Taxonomic History Considered as the senior synonym of Micromys kozaniensis 
van de Weerd, 1979 and Micromys telfordi Wu and Flynn, 1992, according to 
Hordijk and de Bruijn (2009).

Type Material Left M1, PT1 393 (holotype) (van de Weerd 1979: Pl. 3.4).

Type Locality Ptolemais 1, Greece, Pliocene [early Ruscinian (MN14)].

Distribution Turolian–Ruscinian (MN12–15) of Europe and Asia.

Occurrences in Greece Rema Marmara, Monasteri, Tomea Eksi 1 (Fig. 28a–f), 
Tomea Eksi 2, Prosilion–Mercurion, Ano Metochi 2, Spilia 0, Vorio 1, Tomea Eksi 
3, Ptolemais 1, Vorio 3 and 3A and Komanos 2.

Remarks This medium-sized Micromys species was named based on a collection 
of 56 molars from Ptolemais 1; its upper molars are relatively wide, there is a well- 
developed anteriorly positioned t7 and a small t12 on the upper molars (van de 
Weerd 1979). Apart from the type locality, several other localities in the Ptolemais 
Basin have yielded M. bendai (Tomea Eksi 1, Tomea Eksi 2, Prosilion–Mercurion, 
Vorio 1, Tomea Eksi 3, Vorio 3 and 3A and Komanos 2), described by Hordijk and 
de Bruijn (2009). Further material has been reported by de Bruijn (1989) from 
localities in the Strimon Basin (Rema Marmara, Monasteri, Ano Metochi 2–3 and 
Spilia 0), but without further details, whereas Theocharopoulos (1991), in his 
unpublished undergraduate thesis, assigned to the species six molars from the local-
ity Spilia 1.
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★Micromys steffensi van de Weerd, 1979

Type Material Left M1, KD 244 (holotype) (van de Weerd 1979:Pl. 3.1).

Type Locality Kardia, Greece, Pliocene [early Ruscinian (MN14)].

Distribution Late Miocene–early Pliocene (MN13–14) of Greece and Turkey.

Occurrences in Greece Dytiko-1, Paliambela-A, Kessani-1, Komanos 1 low A 
and B, Komanos 1 high A and B and Kardia.

Remarks This is the largest Micromys species described until now (e.g., see 
Hordijk and de Bruijn 2009:Fig. 10), based on a rich collection from Kardia (at least 
151 molars). The t7 is well developed as a separate cusp and is anteriorly situated 
on the upper molars, whereas there is a t1bis on all M2 and some M1 (van de Weerd 
1979). The author mentioned that the lower molars of the species are similar to 
those of Occitanomys, but differ in the presence of a third small root and the antero-
central cuspid on the m1 and the presence of two labial accessory cuspulids on the 
m2. Also in the Ptolemais Basin, the species has been known with rich collections 
(Fig. 28h–l) from Komanos 1 low A and B and Komanos 1 high A and B (Hordijk 
and de Bruijn 2009). Outside the Ptolemais Basin, the species has been identified, 
mainly based on the size, with two molars from Kessani (Vasileiadou et al. 2012), 
with three from Paliambela-A (as M. cf. steffensi in Sylvestrou 2002), and from 
Dytiko 1 (Koufos and Vasileiadou 2015 and references therein).

★Micromys cingulatus Storch and Dahlmann, 1995

Type Material Left M1, MAA 20/1520 (holotype) (Storch and Dahlmann 1995: 
Pl. 2.25).

★Micromys kozaniensis van de Weerd, 1979
[junior synonym of Micromys bendai van de Weerd, 1979, according to 
Hordijk and de Bruijn 2009]

Type Material Left M1, PT3 306 (holotype) (van de Weerd 1979: PI. 3.8).
Type Locality Ptolemais 3, Greece, Pliocene [late Ruscinian (MN15)].
Remarks Van de Weerd (1979) described the species M. kozaniensis based on 
47 molars from the locality Ptolemais 3, reporting that this species differs 
from M. bendai through its narrower upper molars with a more posterior posi-
tion of the t7, a larger t12 and a deep indentation between the t1 and t2 in the 
contour of the M1. Based on the coexistence of molars similar to both M. ben-
dai and M. kozaniensis in the Chinese locality Bilike reported by Qiu and 
Storch (2000), Hordijk and de Bruijn (2009) synonymized the two species.
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Fig. 28 Micromys bendai from Tomeas Eksi 1–3. a M1, b M2, c M3, d m1, e m2, f m3. Micromys 
steffensi from Komanos 1 high B. g M1, and from Komanos 1 low A. h M2, i M3, j m1, k m2, l 
m3. Images courtesy of K. Hordijk and H. de Bruijn. All specimens figured are reversed. Scale bar 
equals 1 mm

Type Locality Maramena, Greece, Miocene/Pliocene [Turolian/Ruscinian bound-
ary (MN13/14)].

Distribution Late Miocene–early Pliocene (MN13–14) of Greece and Ukraine.

Occurrences in Greece Maramena.

Remarks This species has been described with rich material from Maramena, 
based on the following features: molars of medium size; two thirds of the M1–2 lack 
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a t7; the M1–2 bear three roots; on the M2 there is no t1bis and the t6 and t9 are 
similar in size; the labial cingulum on the m1 is well developed with strong c1 and 
two to three additional accessory cuspulids in more than 90% of the molars (Storch 
and Dahlmann 1995). According to Hordijk and de Bruijn (2009), the grouping of 
this species in Micromys is unconvincing, since the presence of a strong labial cin-
gulum on the lower molars is a character shown in Apodemus.

Micromys paricioi Mein, Moissenet and Adrover, 1983

Type Material Left M1, CE–4B (holotype), University of Lyon, France (Mein 
et al. 1983:Pl. 4.1).

Type Locality Celadas 4 b, Spain, Lower Pliocene [Ruscinian (MN14)].

Distribution Late Miocene (late Turolian, MN13)–early Pliocene (early Ruscinian, 
MN14) of Spain, Greece and Ukraine.

Occurrences in Greece Nea Silata.

Remarks This species was based on a small collection of three molars from the 
type locality and three additional molars from the coeval locality Peralejos E in the 
same area (Mein et al. 1983). The molars are very small, of similar size with those 
of the extant M. minutus and the Chinese Turolian species M. chalceus (e.g., see 
Minwer–Barakat et  al. 2008:Fig. 3). The upper molars show an elongated ridge 
between the t4 and t8 instead of a t7, and well-developed t9 and t12, whether the m1 
has a large antero-central cuspid and two small isolated cuspulids on the labial cin-
gulum (Mein et al. 1983). Two lower molars from the locality Nea Silata exhibit 
morphological features and the size of the Spanish species, but due to the presence 
of a small antero-central cuspid on the m1 and the scarcity of the material, they are 
identified as M. cf. paricioi (Vasileiadou et al. 2003).

Micromys praeminutus Kretzoi, 1959

Type Material No holotype has been designated.

Type Locality Csarnóta 2, Hungary, Pliocene [late Ruscinian (MN15)].

Distribution Pliocene of C Europe.

Occurrences in Greece Limni 6.

Remarks This species was insufficiently described by Kretzoi (1959), who did not 
give a proper diagnosis, descriptions, figures or measurements of the material from 
the type locality. The only information he gave was that the molars of this species 
are similar to those of Apodemus and differ from them through their smaller size and 
the absence of accessory cuspules, but the presence of a weak cingulum in their 
place (presumably on the m1). Later, in a more detailed description of the Csarnóta 
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2 fauna, he gave figures of M1 and m1 of the species (Kretzoi 1962:Pl.5.5-6). Since 
then, most Pliocene and Pleistocene fossil Micromys is “traditionally” placed in this 
species, inevitably without comparisons with the material from the type locality. 
M. praeminutus, as currently understood, resembles the extant M. minutus in most 
characters, but differs from it in its significantly larger size (e.g., see van de Weerd 
1979). In Greece, the species has been reported only from one Villanyian fauna of 
Limni 6. De Bruijn and van der Meulen (1979) and van de Weerd (1979) refer to the 
material as M. praeminutus, but van der Meulen and van Kolfschoten (1986) as 
M. cf. praeminutus – identification followed herein. The only information published 
for this material is some measurements of M1 and m1 given by van de Weerd (1979).

Paraethomys Petter, 1968

Type Species Paraethomys filfilae Petter, 1968.

Other Taxa Included P. meini (Michaux, 1969); P. jaegeri Montenat and de 
Bruijn, 1976; P. athmeniae Coiffait and Coiffait, 1981; P. abaigari Adrover, Mein 
and Moissenet, 1988; P. belmezensis Castillo Ruiz, 1992.

Distribution Late Miocene–Pleistocene of N Africa, S Europe and W Asia.

Remarks A small sample of two m1, two m2 and three m3 from the locality 
Chalkoutsi has been provisionally attributed to Paraethomys? sp. by de Bruijn 
(1976), with the comment that the molars resemble both Paraethomys anomalus 
(now P. meini) and Occitanomys provocator, but the presence of very weak poste-
rior heel on the m1–2, the shape of the m1 and m3 and the location of the wear 
facets on the m1 remind a Paraethomys more than an Occitanomys species.

Paraethomys meini (Michaux, 1969)

Nomenclatural and Taxonomical History Anthracomys meini in Michaux 1969 
(new species); Paraethomys meini in Jaeger 1975 (new combination). Considered as 
the senior synonym of Occitanomys anomalus de Bruijn et al. 1970, according to 
Montenat and de Bruijn (1976) and van de Weerd (1976).

Type Material Right maxilla with M1–3, ST 31 (holotype), University of 
Montpellier, France (Michaux 1969: Pl. 2.6).

Type Locality Sète, France, Pliocene [late Ruscinian (MN15)].

Distribution Late Miocene–Pliocene of S Europe and N Africa.

Occurrences in Greece Maritsa 1.

Remarks This species shows an isolated t1 on the upper molars and a very reduced 
labial cingulum on the lower molars (Michaux 1969). It has been reported from 
Greece only from Maritsa 1, from where the material was initially described as the 
new species Occitanomys anomalus by de Bruijn et al. (1970).
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Arvicanthis Lesson, 1842

Type Species Arvicanthis niloticus (Desmarest, 1822).

Other Taxa Included (only fossil species listed) A. niloticus irhoudae Jaeger, 
1975; A. arambourgi Jaeger, 1975; A. primaevus Jaeger, 1976; A. magnus Şen et al., 
1979; A. musisii Mein, 1994; A. broekhuisi Hordijk and de Bruijn, 2009.

Distribution Latest Miocene–Late Pleistocene of Africa, Arabian Peninsula, Israel 
and Greece; extant species are only present in Africa.

Remarks One m2 from the locality Kessani (Thrace, N Greece) has been described 
by Vasileiadou et al. (2012) as Muridae indet. Some of its characteristics, such as 
the large angle formed between the labial and lingual cuspids, the lack of connec-
tion between the two chevrons and the greatly reduced labial cingulum, are found in 
some Arvicanthis species, such as A. niloticus and A. broekhuisi, from which it dif-
fers in other features. The molar could be described as aff. Arvicanthis sp.

★Arvicanthis broekhuisi Hordijk and de Bruijn, 2009

Type Material Right M1, TE2–271 (holotype) (Hordijk and de Bruijn 2009: 
Pl. 2.1).

Type Locality Tomea Eksi 2, Ptolemais Basin, Upper Miocene [Turolian (MN13)].

Distribution Latest Miocene–earliest Pliocene of Greece.

Occurrences in Greece Tomea Eksi 1, Tomea Eksi 2 and Prosilion–Mercurion.

★Occitanomys anomalus de Bruijn et al., 1970
[junior synonym of Paraethomys meini (Michaux, 1969), according to 
Montenat and de Bruijn (1976) and van de Weerd (1976)]

Type Material Right M1, no. 339 (holotype) (de Bruijn et al. 1970: Pl. 2.9).
Type Locality Maritsa 1, Rhodes Island, Greece, Upper Miocene [Turolian 
(MN13)].
Remarks De Bruijn et  al. (1970) described the new species Occitanomys 
anomalus from the locality Maritsa 1, based on material consisted of five m1, 
eight m2, seven m3, eight M1, five M2 and six M3 that showed a well- 
developed posterior cingulum on the M1–2, a t9 present on the M1 but absent 
from the M2 and size similar to that of O. brailloni. Later, the species was 
transferred to Paraethomys (de Bruijn 1974; Şen 1977). Many authors noticed 
the morphological and dimensional similarity between P. anomalus from 
Maritsa 1 and P. meini from Sète (e.g., Montenat and de Bruijn 1976; van de 
Weerd 1976) and thus consider the two species synonymous.
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Remarks The species has molars (Fig.  29) of large size (larger than any other 
Arvicanthis species), five or six roots on the M1 and five on the M2, the t3 is well 
developed on the M2 and very small on the M3, the antero-labial accessory cusp is 
absent from the m1, of variable size on the m2 and small on the m3, the c1 is large 
on the m1 and of variable size on the m2 and the terminal heel is small and oval on 
the m1 and has the shape of a long transverse ridge on the m2, whereas the m1 is 
short and wide (Hordijk and de Bruijn 2009). According to the authors of the spe-
cies, it is the oldest record of Arvicanthis, other than Arvicanthis sp. from the 
Lukeino Formation of Kenya, and has the largest and most specialized dentition. 
These led them to the conclusion that the species is a side-branch of the African 
Arvicanthis and not an ancestor, which reached Greece during the Messinian. The 
ancestry of the group should be sought for in the late Vallesian or early Turolian 
faunas of E Africa (Hordijk and de Bruijn 2009). Hordijk and de Bruijn (2009) have 
also included in this species one M1 and one M2, both slightly damaged, from 
Tomea Eksi 1, identical to the molars from the type locality. Further, they attributed 
one M2 and two m2 from Prosilion–Mercurion to A. cf. broekhuisi, as the m2 is 
smaller and more square than that from the type locality and the postero-labial 
accessory cusp is absent from one m2, whereas it is always present in the m2 from 
Tomea Eksi 2 (Hordijk and de Bruijn 2009: 30).

Pelomys Peters, 1852

Type Species Mus (Pelomys) fallax Peters, 1852.

Fig. 29 Arvicanthis broekhuisi from Tomea Eksi 2 (type locality). a M1 (holotype), b M2, c M3, 
d m1, e m2, f m3. Images courtesy of K. Hordijk and H. de Bruijn. All specimens figured as left; 
c, d, f are reversed. Scale bar equals 1 mm
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Other Taxa Included (only fossil species listed) P. europeus de Bruijn et al., 1970; 
P. dietrichi Jaeger, 1976; P. orientalis Şen et al., 1979.

Distribution Latest Miocene of Greece, Pliocene of Algeria and Afghanistan and 
Pleistocene of Tanzania; present today only in Africa.

★Pelomys europeus de Bruijn et al., 1970

Type Material Right M1–2, no 551(holotype) (de Bruijn et al. 1970: Pl. 3.2).

Type Locality Maritsa 1, Rhodes Island, Greece, Upper Miocene [Turolian 
(MN13)].

Distribution Late Miocene of Greece and Pliocene of Algeria (Amama 3).

Occurrences in Greece Maritsa 1.

Remarks The restricted material from the type locality (Fig. 30) exhibits the fol-
lowing diagnostic characters: teeth with no stephanodonty, first and second lamina 
of M1 each with three well-isolated cusps that give a very symmetrical pattern, t1 
and t4 situated at the same level as t3 and t6, respectively, M1 with median antero-
cone, t1 larger than t3 on the M2, terminal heel of the m1–2 small and rounded and 
M3 large (de Bruijn et al. 1970). It is possible that this species does not belong to 

Fig. 30 Pelomys europeus from Maritsa 1 (type locality). a M1–2 (holotype), b M3, c m1, d m2. 
Images courtesy of H. de Bruijn. All specimens are right but reversed and figured as left. Scale bar 
equals 1 mm
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Pelomys but to Rattus; the absence of upper incisors from Maritsa 1 hampers the 
certain generic affiliation (de Bruijn et al. 1970:549).

Thallomys Thomas, 1920

Type Species Mus nigricauda Thomas, 1882.

Other Taxa Included (only extinct species listed) T. debruyni Broom, 1948; 
T. quadrilobatus Jaeger, 1976; T. laetolilensis Denys, 1987.

Distribution Pliocene and Pleistocene of Africa, probably Pliocene of Greece; 
present today only in Africa.

Remarks Van der Meulen and van Kolfschoten (1986) listed Thallomys? in the 
faunal list of the Pliocene locality Damatria (Rhodes Island), with no further details 
on the material.

Apodemus Kaup, 1829

Type Species Mus agrarius Pallas, 1771.

Other Taxa Included (only extinct species listed) A. atavus Heller, 1936; A. ori-
entalis (Schaub, 1938); A. levantinus Bate, 1942; A. caesareanus Bate, 1942; 
A. dominans Kretzoi, 1959; A. jeanteti Michaux, 1967; A. mannu Thaler, 1973; 
A. gudrunae van de Weerd, 1976; A. gorafensis Ruiz Bustos et al., 1984; A. maas-
trichtiensis van Kolfschoten, 1985; A. agustii Martín Suárez, 1988; A. etruscus 
Engesser, 1989; A. qiui Wenyu and Flynn, 1991; A. zhangwagouensis Wenyu and 
Flynn, 1991; A. lii Qiu and Storch, 2000; A. asianicus Zheng, 2004.

Distribution Late Miocene (late Vallesian)–present in Eurasia.

Remarks We follow Hordijk and de Bruijn (2009) in including in Apodemus any 
homogenous sample of at least 10 M1 the majority of which has a well-formed t7 
(exc. Micromys and Rhagapodemus). There are at least 20 extant Apodemus spp., 
some of which have been reported from Pleistocene Greek fossil localities: A. cf. 
mystacinus has been reported from the Biharian fauna of Gerakarou 1 (Koufos et al. 
1995), the Lower Pleistocene locality Lagkada (van der Meulen and van Kolfschoten 
1986) and the Upper Pleistocene locality Trypiti in Naxos [(originally mentioned by 
Sondaar (1971) as a large endemic Apodemus sp. and later described by van der 
Geer et al. 2014)]; A. mystacinus from the Pleistocene localities Kalymnos-Xi (Kuss 
and Storch 1978), Ravin Voulgarakis (Koliadimou 1996), Tourkobounia 2 (van der 
Meulen and Doukas 2001), Kaiafas, Zeli 2, 2A and 2B, Volos (van der Meulen and 
van Kolfschoten 1986), Varkiza 1 and 2 (van de Weerd 1973), Latomi 1 (Storch 
1975), Loutra Almopias Cave LAC and LAC Ia (Chatzopoulou 2014) and Arnissa 
(Mayhew 1978); A. sylvaticus/flavicollis (dental elements of the two species cannot 
be easily distinguished, and we here chose to group them even if only one of them 
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has been initially identified in one of the following localities) from Marathoussa (N 
Greece) (Koufos et al. 2001), Ravin Voulgarakis (Koliadimou 1996), Kaiafas, Zeli 
2, 2A and 2B, Volos (van der Meulen and van Kolfschoten 1986), Marathousa 1 
(Peloponnese) (Doukas et  al. 2018), Loutra Almopias Cave LAC and LAC Ia 
(Chatzopoulou 2014) and Dimitra 2 (Syrides and Koliadimou 1994); A. cf. sylvati-
cus/flavicollis from Lagkada (van der Meulen and van Kolfschoten 1986); A. cf. 
flavicollis from Tourkobounia 2 (van den Meulen and Doukas 2001); A. cf. sylvati-
cus from Choremi 3 (van Vugt et al. 2000); and A. uralensis from Loutra Almopias 
Cave LAC and LAC Ia (Chatzopoulou 2014).

Kuss and Storch (1978) assigned to A. levantinus Bate, 1942 three m1, three m2, 
four m3, two M1, five M2 and two M3 from Kalymnos-Xi, based on similarity in 
the crown outline, labial cingula of the lower molars and cusp arrangement with the 
descriptions and illustrations given by Bate. They also attributed three m1, two m2, 
four m3, two M1, three M2 and one M3 from Kalymnos-Xi to A. caesareanus Bate, 
1942, based on similarities with the species, such as the bulky and strongly anteri-
orly pointing anterior root of the M1 and the strongly asymmetrical anteroconid 
complex that bends labially of the m1. However, later, van der Meulen and van 
Kolfschoten (1986) assigned all the small-sized molars from the locality to A. syl-
vaticus/flavicolis, followed herein.

The presence of Apodemus sp., without details on the material, has been reported 
from the late Turolian fauna of Lava 2 (de Bruijn et al. 1999), the late Ruscinian 
fauna of Kastoria 1 (van der Meulen and van Kolfschoten 1986) and the late Biharian 
fauna from Choremi 4 (van Vugt et al. 2000). Van de Weerd (1973) reported the 
presence of 22 M1 of Apodemus sp. in the Pleistocene locality Varkiza 2; the molars 
could belong to any of the extant A. flavicollis, A. sylvaticus and A. microps. A large 
collection consisting of two maxillary and six mandibular fragments, 92 M1, 61 
M2, 21 M3, 75 m1, 61 m2 and 36 m3 from Latomi 1 (Chios island) have been 
assigned to Apodemus sp. by Storch (1975); the molars are smaller than those of 
A. mystacinus from the same locality, but the author did not attempt a species deter-
mination, as the morphological and metrical features fit those of many extant 
Apodemus species. Finally, five m1, one m2, one m3, six M1 and two M2 from 
Arnissa have been assigned to Apodemus sp. by Mayhew (1978). The author dis-
cussed that the molars are smaller than those of A. mystacinus and larger than those 
of A. microps, but morphological and metrical variability falls within that of both 
A. sylvaticus and A. flavicollis.

Apodemus gorafensis Ruiz Bustos et al., 1984

Type Material Left M1, G–8 (holotype), National Institute of Geology C.S.I.C., 
Madrid (Ruiz Bustos et al. 1984: Fig. 2.3).

Type Locality Gorafe–A, Granada, Spain, Lower Pliocene [Ruscinian (MN14)].

Distribution Turolian–Ruscinian (MN13–15) of Spain and Greece.
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Occurrences in Greece Monasteri, Tomea Eksi 1, Tomea Eksi 2, Kessani-2, 
Kessani-1, Ano Metochi 2–3, Maramena and Nea Silata.

Remarks This Apodemus species is diagnosed through its medium-sized molars, 
the always present t7 on the M1 and the strong antero-central cuspid on the m1 
(Ruiz Bustos et al. 1984). De Bruijn (1989) reported the presence of A. gudrunae in 
the faunal lists for the localities Monasteri and Ano Metochi 2–3, without details on 
the material, but Storch and Dahlmann (1995) assigned those assemblages to 
A. gorafensis. The latter authors described a large sample of 250 middle-sized first 
and second upper and lower molars from Maramena and commented that their mor-
phology is very close to that of both A. gorafensis and A. gudrunae and their size is 
intermediate between that of the two species; however, the presence of a t7 on all 
M1–2 assigns the material in the former species (Storch and Dahlmann 1995:122). 
Vasileiadou (2001) assigned to the species a small sample of five m1, three m2, one 
m3, two M2 and four M3 from Nea Silata, based on the well-developed and sepa-
rated antero-central cuspid on the m1 and the strong labial cingulum with one or 
two large accessory cuspids on the m2 (Vasileiadou et al. 2003). The species has 
also been found in Kessani (Vasileiadou et al. 2012), represented by six m1, eight 
m2, one m3, three M1 and four M2. Small samples of A. gorafensis have also been 
found in Tomea Eksi 1 (six molars) and Tomea Eksi 2 (13 molars) (Hordijk and de 
Bruijn 2009). The authors commented on the overlap in size and the morphological 
similarity of the material with both A. gorafensis and A. gudrunae; they assigned it 
to the former species only based on “the slightly better size match and the greater 
similarity in the development of the posterior spur of the t3 in the M1 in that spe-
cies” (Hordijk and de Bruijn 2009:36).

Apodemus dominans Kretzoi, 1959

Taxonomical History Senior synonym of Apodemus occitanus Pasquier, 1974, 
according to de Bruijn and van der Meulen (1975).

Type Material Not designated.

Type Locality Csarnóta 2, Hungary, Lower Pliocene [Ruscinian (MN15)].

Distribution Late Miocene (Turolian, MN13)–late Early Pleistocene (Biharian, 
MNQ18) of Europe and Asia.

Occurrences in Greece Maritsa 1, Ano Metochi 2–3, Maramena, Nea Silata, 
Spilia 0, 1, Tomea Eksi 3, Limni 3, Vorio 3 and 3A, Kato Afiartis, Apolakkia, Spilia 
3–4, Notio 1, Kastoria 1, Tourkobounia 1, Limni 6, Archipolis, Damatria, Rema 
Aslan, Karnezeika, Kardamena and Kastoria 2.

Remarks Kretzoi (1959) created the species without presenting type material, 
diagnosis or descriptions of the material from Csarnóta 2. He only mentioned the 
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similarity of the new species with the extant A. sylvaticus, from which he separated 
his species only because it is of older age (Kretzoi 1959:243). Later, in a more 
detailed description of the Csarnóta 2 fauna, Kretzoi gave figures of the species 
(Kretzoi 1962:Pl. 4.4–6 and Pl. 5.2, 4), mentioning that it is the most abundant spe-
cies in the fauna with more than 8000 molars, but again gave no diagnosis or 
descriptions.

De Bruijn et al. (1970) described a small assemblage from the Turolian fauna of 
Maritsa 1, consisting of three m1, one m2, two m3, two M1 and two M2, which dif-
fer from A. sylvaticus in the presence of a strong t12 and three roots on the M1–2. 
They preferred to assign the material to A. cf. dominans, admitting that the species 
is not adequately known (de Bruijn et al. 1970:545). Storch and Dahlmann (1995) 
described a large assemblage (1221 M1–2 and m1–2) of A. cf. dominans from the 
Turolian/Ruscinian fauna of Maramena, which shows similarities with the material 
from Csarnóta 2, apart from the presence of a fourth root on 15% of the M1 and 
26% of the M2 and the presence of a deep vertical groove on the lingual root on the 
18% of the M1 and 16% of the M2 (Storch and Dahlmann 1995:123). The Villanyian 
fauna of Tourkobounia 1 has yielded an assemblage of 172 M1–2 and m1–2 assigned 
to A. dominans, based on the similarity with material from the type locality (de 
Bruijn and van der Meulen 1975). Both assemblages from Maramena and 
Tourkobounia 1 show a large morphological and metrical variation, and it cannot be 
ruled out that they both contain also A. atavus dental elements (see following para-
graph). The species has also been described from the Turolian/Ruscinian fauna of 
Nea Silata, where it is present with 16 molars (Vasileiadou 2001, Vasileiadou et al. 
2003). Hordijk and de Bruijn (2009) assigned 19 medium-sized molars from Notio 
1 to A. dominans, based on their similarity with the material from the type locality 
and their larger size than that of the medium-sized Apodemus molars in lower hori-
zons of the Ptolemais Basin (assigned to A. atavus; see following paragraph). The 
authors also mentioned the possibility of the presence of A. dominans dental ele-
ments in the assemblages from Tomea Eksi 3 and Vorio 3A (Hordijk and de Bruijn 
2009:36; see following paragraph). Fifteen molars from Apolakkia–2 have been 
assigned to A. aff. dominans because they are larger than the material from the type 
locality and the separation between the t4 and the t7 is not as deep as in the M1 from 
the type locality on two out of four M1 (van de Weerd et al. 1982). Identical molars 
have been found in Karpathos (two m2, two m3, one M1, one M2), which have also 
been assigned to A. aff. dominans (Daams and van der Weerd 1980). De Bruijn 
(1989) listed A. dominans in the faunal lists of Ano Metochi 2–3 and Spilia 0 and 1, 
giving no details on the material. A. dominans has been also reported from the 
localities Spilia 3–4, Kastoria 1, Limni 6 and Kastoria 2; A. cf. dominans from the 
localities Limni 3, Rema Aslan, Kardamena, Archipolis and Damatria (van der 
Meulen and van Kolfschoten 1986) and Karnezeika (Kokotini et  al. 2019); and 
A. aff. dominans from Agios Ioannis (van der Meulen and van Kolfschoten 1986), 
with no information on the materials.

Apodemus atavus Heller, 1936

Type Material Partial maxilla with M1–M2 (holotype) (Heller 1936: Tab. X.2).
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Type Locality Gundersheim, Germany, Pliocene [Villanyian (MN16)].

Distribution Late Miocene (Turolian, MN13)–late Early Pleistocene (Biharian, 
MNQ19) of Eurasia.

Occurrences in Greece Kessani-1, 2, Komanos 1 low A and B, Komanos 1 high A 
and B, Kardia, Tomea Eksi 3, Ptolemais 1, Vorio 3 and 3A, Ptolemais 3 and Notio 1.

Remarks The species shares many morphological characters with A. dominans: 
the presence of a relatively well-developed t12 and three roots on the M1–2 and of 
a distinct c1 on the m1–2. However, the cheek teeth of A. atavus are smaller than 
those of A. dominans, on the m1 the antero-central cuspid is connected with the 
antero-lingual and antero-labial cuspids in the former species but usually isolated in 
the latter, there is always a connection between protoconid–metaconid chevron and 
the anterior complex in the former but not in the latter and on the M1 there is always 
a strong t7–t4 connection in the former, but the two cusps are usually separated in 
the latter species. The size difference, in combination with the subtle morphological 
differences between the two species, have led authors (e.g., Fejfar and Storch 
1990:147) to compare this situation with that between the extant species A. flavicol-
lis and A. sylvaticus: the former species has slightly larger molars, but the morpho-
logical differences are not apparent, allowing no certain assignment in one of the 
two species of Pleistocene middle-sized Apodemus assemblages. As Popov 
(2004:459) mentioned “As in recent forms, the determination of sympatric fossil 
species of the genus, based on dental features alone, meets with considerable diffi-
culties”. Indeed, many Turolian–Villanyian middle-sized Apodemus assemblages 
probably contain elements of both A. dominans and A. atavus (just like A. flavicollis 
and A. sylvaticus co-exist in modern ecosystems); it is thus risky to assign, mainly 
small assemblages, to one species. Therefore, some of the assemblages that have 
been assigned to A. (cf.) dominans in the literature might better be assigned to 
A. atavus/dominans. For instance, Vasileiadou et al. (2012) assigned one m1, one 
m3 and two M1 from Kessani to A. cf. dominans, admitting that the molars show 
metrical and morphological similarities also with A. atavus; this species is here 
assigned to A. atavus/dominans.

Hordijk and de Bruijn (2009) assigned to A. atavus the medium-sized murin 
dental elements from Komanos 1 (low A and B and high A and B), Tomea Eksi 3, 
Vorio 3A and Notio 1. The assemblages from Tomea Eksi 3 and Vorio 3A show a 
rather large size variation, with molars in the size range of A. dominans, and the 
authors commented on the possibility of the co-occurrence of the two species in 
these assemblages (Hordijk and de Bruijn 2009:36). Van de Weerd (1979) attributed 
seven molars from Kardia, 26 molars from Ptolemais 1 and nine molars from 
Ptolemais 3 to A. dominans, but Hordijk and de Bruijn (2009) attributed them to 
A. atavus without justification, an identification followed herein.
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Apodemus jeanteti Michaux, 1967

Taxonomical History Considered as the senior synonym of Rhagapodemus primi-
tivus Aguilar et al., 1995, according to Martín Suárez and Mein (1998).

Type Material Partial right maxilla with M1–2, Sey 12 (holotype), University of 
Montpellier (Michaux 1967: Fig. 7a).

Type Locality Seynes, France, late Upper Pliocene

Distribution Late Miocene (Turolian, MN13)–Pliocene of S Europe.

Occurrences in Greece Spilia 3–4.

Remarks According to Michaux’s (1967) diagnosis, the molars have size similar 
to that of the extant A. mystacinus; the t1, t2 and t3 of the M1 are almost aligned; 
there is no posterior spur on the t1; the antero-central cuspid of the m1 is either 
absent or strongly reduced. A. cf. jeanteti is in the faunal list of the Pliocene locality 
Spilia 3–4 (van der Meulen and van Kolfschoten 1986), with no details.

Rhagapodemus Kretzoi, 1959

Type Species Rhagapodemus frequens Kretzoi, 1959.

Other Taxa Included R. primaevus (Hugueney and Mein, 1965); R. hautimagnen-
sis Mein and Michaux, 1970; R. ballesioi Mein and Michaux, 1970; R. vandeweerdi 
de Bruijn and van der Meulen, 1975; R. minor (Brandy, 1978); R. debruijni (Kotlia, 
1992); R. azzarolii Angelone and Kotsakis, 2001.

Distribution Late Miocene–Middle Pleistocene of Europe and Asia.

Remarks Rhagapodemus is distinguished from Apodemus through its robust semi- 
hypsodont cheek teeth with “vertical” cusps and the isolated t1 on the M1 (Hordijk 
and de Bruijn 2006).

Rhagapodemus primaevus (Hugueney and Mein, 1965)

Nomenclatural and Taxonomical History Apodemus primaevus in Hugueney 
and Mein 1965 (new species); Rhagapodemus primaevus in Mein 1989 (new 
combination).

Type Material Left M1, no 65054 (holotype), Département des Sciences de la 
Terre, Université Claude–Bernard, Lyon (Hugueney and Mein 1965: Pl. 1.18).

Type Locality Lissieu, France, Upper Miocene [MN13].
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Distribution Late Miocene–early Pliocene of Europe (Spain, France, Greece).

Occurrences in Greece Kessani, Maramena, Komanos 1 low A and B, Komanos 
1 high A and B, Kardia, Vorio 1, Tomea Eksi 3, Ptolemais 1, Vorio 3 and 3A and 
Ptolemais 3.

Remarks R. primaevus is the oldest species of the genus, characterized by rela-
tively small-sized and low-crowned molars, relatively less vertical cusps/-ids, t1 
isolated in one third of the upper molars, absence of a posterior spur on the t2 of the 
M1 and labial cuspids lower than main ones on the lower molars (Martín Suárez and 
Mein 1998). Hordijk and de Bruijn (2009) assigned to R. primaevus the molars from 
MN14 faunas of the Ptolemais Basin (Komanos 1 low A and B, Komanos 1 high A 
and B, Vorio 1, Tomea Eksi 3, Vorio 3), as their morphological and metrical charac-
ters are within the range for the material from the type locality. R. hautimagnensis 
had been identified in Kardia, Ptolemais 1 and Ptolemais 3 of the Ptolemais Basin, 
by van de Weerd (1979), but Hordijk and de Bruijn (2009) included the material in 
R. primaevus. A sample of 48 first and second molars from Maramena has been 
assigned to R. primaevus by Storch and Dahlmann (1995). One M1 and one M2 
from Kessani have been assigned to this species, based on their size and the anterior 
position of the t1 (Vasileiadou et al. 2012).

Rhagapodemus hautimagnensis Mein and Michaux, 1970

Type Material Left M1, University Lyon 65350 (holotype) (Mein and Michaux 
1970: Pl. 2.1).

Type Locality Hautimagne, France, Lower Pliocene [early Ruscinian (MN14)].

Distribution Late Miocene–Early Pleistocene of Europe.

Occurrences in Greece Monasteri, Ano Metochi 2–3 and Spilia 0 and 1.

Remarks The molars of this species are slightly smaller, and the cusps of the first 
molar are lower and more oblique than those of R. frequens (Mein and Michaux 
1970). This species is reported in the faunal lists given for the localities Monasteri 
and Ano Metochi 2–3 (de Bruijn 1989) and Spilia 0 and 1 (van der Meulen and van 
Kolfschoten 1986), with no details on the materials. However, the locality Maramena, 
thought to represent more or less the same horizon with Ano Metochi 2–3 (de Bruijn 
1995:88), has yielded R. primaevus and not R. hautimagnensis (Storch and 
Dahlmann 1995); it is possible that re-examination of the materials from these 
localities will prove their assignment also to R. primaevus.

★Rhagapodemus vandeweerdi de Bruijn and van der Meulen, 1975

Type Material Right M1, no. 231(holotype) (de Bruijn et al. 1970: Pl. 1.3).
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Type Locality Maritsa 1, Rhodes Island, Greece, Upper Miocene [Turolian 
(MN13)].

Distribution Late Miocene of Greece (found only in the type locality).

Remarks The rich material from Maritsa 1 (Fig. 31a–f) was initially attributed to 
Apodemus aff. jeanteti (de Bruijn et al. 1970). Later, de Bruijn and van der Meulen 
(1975) created the species R. vandeweerdi diagnosed through its relatively low 
cheek teeth, the rounded and isolated t1 in early wear stages on the M1, the postero- 

Fig. 31 Rhagapodemus vandeweerdi from Maritsa 1 (type locality). a M1, b M2, c M3, d m1 
(holotype), e m2, f m3. Rhagapodemus frequens athensis from Tourkobounia 1 (type locality). g 
M1 (holotype), h M2, i M3, j m1, k m2, l m3. Images courtesy of H. de Bruijn. All specimens 
figured as left; a–g are reversed. Scale bar equals 1 mm
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labially directed spur on the t2 of M1, the presence on all m1 of an antero-central 
cuspid and the elongated posterior cuspid on the labial cingulum of the m1–2.

Rhagapodemus frequens Kretzoi, 1959

Type Material No holotype has been designated for the species.

Type Locality Csarnóta 2, Hungary, Pliocene [MN15].

Distribution Pliocene–Early Pleistocene of Europe.

Occurrences in Greece Notio 1, Kastoria 1 and Archipolis.

Remarks Kretzoi (1959) created the genus and the species on bases of the similar-
ity with Apodemus in the arrangement of the cusps but the higher degree of hypso-
donty and an isolated t1 on the M1. Unfortunately, he did not designate a holotype 
nor did he describe or figure any specimens from the type locality. Later, in a more 
detailed description of the Csarnóta 2 fauna, Kretzoi gave a figure of one right M1 
of the species (Kretzoi 1962:Pl. 4.7). Subsequent authors, based on material from 
Csarnóta 2 available to them, gave some morphological features of the species: 
round and isolated t1, fused t2 and t3 on the M1, antero-posteriorly compressed t3 
of variable size on the M2, antero-central cusp of variable size, rare connection of 
the anteroconid complex with the protoconid–metaconid chevron and c1 fused with 
the hypoconid on the m1 and very weak or absent accessory cusps on the labial 
cingulum of the m2 (Hordijk and de Bruijn 2009:38). The species is present with 14 
molars in the late Ruscinian fauna of Notio 1 (Hordijk and de Bruijn 2009). It has 
also been reported in Kastoria 1, and R. cf. frequens has been reported from 
Archipolis (van der Meulen and van Kolfschoten 1986), without information on the 
materials.

★Rhagapodemus frequens athensis de Bruijn and van der Meulen, 1975

Type Material Right M1, no. 381 (holotype) (de Bruijn and van der Meulen 1975: 
Pl. 3.7).

Type Locality Tourkobounia 1, Greece, Pliocene [Villanyian (MN16)].

Distribution Pliocene (Villanyian) of Greece.

Occurrences in Greece Tourkobounia 1, Limni 6 and Rema Aslan.

Remarks The molars from Tourkobounia 1 (six m1, eight m2, seven m3, 11 M1, 
nine M2 and seven M3; Fig. 31g–l) are morphologically very similar to those of 
R. frequens frequens, but they are larger and higher, leading de Bruijn and van der 
Meulen (1975) to the creation of a new subspecies. The authors reported that the 
length of the Csarnóta 2 upper molars available to them for comparisons is outside 
the range of the Tourkobounia ones, whereas the length of the Csarnóta 2 lower 

K. Vasileiadou and I. Sylvestrou



535

molars is close to that of the smallest Tourkobounia specimens. Martín Suárez and 
Mein (1998), in their revision of various murid genera, elevated R. frequens athensis 
to a species level; however, here we follow the original opinion of de Bruijn and van 
der Meulen and retain it as a subspecies. R. frequens athensis has also been reported 
from the locality Limni 6, whereas the faunal list for the locality Rema Aslan 
includes R. cf. frequens athensis (van der Meulen and van Kolfschoten 1986), both 
without details on the material.

Orientalomys de Bruijn and van der Meulen, 1975

Type Species Parapodemus similis Argyropulo and Pidoplichka, 1939.

Other Taxa Included O. galaticus (Şen, 1975); O. sibiricus (Erbajeva, 1975); 
O. adirganus Tjutkova, 1993; O. sinensis Qiu and Storch, 2000.

Distribution Late Miocene–Early Pleistocene of E Europe and Asia.

Remarks de Bruijn and van der Meulen (1975) included in this genus also the spe-
cies Stephanomys pusillus Schaub, 1938 from Ertemte and Stephanomys schaubi 
Teilhard de Chardin, 1940 from locality 18 near Peking (China); the former one is 
now referred to Hansdebruijnia and the latter one remains in Stephanomys. The 
main characteristics of the genus are the high degree of stephanodonty, the connec-
tion of the t1 with the t5 and its separation from the t2 on the M1, the presence of 
more than three roots on the M1–2 and more than two on the m1–2, the presence of 
a small and isolated antero-central cuspid on the m1 and the presence of large acces-
sory cusps on the m1–2 (de Bruijn and van der Meulen 1975).

Orientalomys similis (Argyropulo and Pidoplichka, 1939)

Nomenclatural and Taxonomical History Parapodemus similis in Argyropulo 
and Pidoplichka 1939 (new species); Orientalomys similis in de Bruijn and van der 
Meulen 1975 (new combination).

Type Material Left mandible with m1–3, no. 6585 (Argyropulo and Pidoplichka 
1939: Figs. b, d, e), lectotype assigned by de Bruijn and van der Meulen (1975).

Type Locality Odessa, Ukraine, Pliocene [late Ruscinian (MN15)].

Distribution Pliocene of Romania, Ukraine, Greece and possibly Turkey.

Occurrences in Greece Tourkobounia 1 and Limni 6.

Remarks The cheek teeth from Tourkobounia 1 (nine m1, four m2, seven m3, 10 
M1, six M2 and six M3) are low and show high degree of stephanodonty (de Bruijn 
and van der Meulen 1975). The species is also reported from the locality Limni 6 
(van der Meulen and van Kolfschoten 1986), with no further details.
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★Kritimys Kuss and Misonne, 1968

Type Species Mus catreus Bate, 1912.

Other Taxa Included Kritimys kiridus (Bate, 1942).

Distribution Endemic genus of the Pleistocene in Crete.

Remarks A detailed report on this endemic genus of Crete is provided by Lyras 
et al. (volume 2).

Mus Linnaeus, 1758

Type Species Mus musculus Linnaeus, 1758.

Other Taxa Included The genus includes about 38 extant species (Macdonald 
2009), several of which have been found in Pleistocene and Holocene fossil and 
subfossil assemblages [e.g., M. musculus Linnaeus, 1758; M. minutoides (A. Smith, 
1834); M. spicilegus Petényi, 1882; M. spretus Lataste, 1883; M. caroli Bonhote, 
1902; M. indutus (Thomas, 1910); M. shortridgei (Thomas, 1914); M. pahari 
Thomas, 1916]; (extinct) M. minotaurus Bate, 1942; M. haouzi (Jaeger, 1975); 
M. petteri Jaeger, 1976; M. bateae Mayhew, 1977; M. aegaeus Kuss and Storch, 
1978; M. auctor Jacobs, 1978; M. elegans Şen, 1983; M. jacobsi Kotlia, 1992; 
M. hamidae (Geraads, 1994); M. dhailai Kotlia, 1996; M. linnaeusi Patnaik, 1997; 
M. ique Geraads, 1998; M. flynni Patnaik, 2001; M. dulamensis Kotlia, 2008; 
M. narmadaensis Kotlia, Joshi and Joshi, 2011; M. denizliensis Erten, Şen and 
Sagular, 2015.

Distribution Late Miocene–present, cosmopolitan.

Remarks The late Biharian fauna of Choremi 4 has revealed 39 molars assigned to 
M. cf. spretus by van Vugt et al. (2000); the molars are very similar to those of the 
extant western Mediterranean mouse, but the antero-labial cingulum on the M2 is 
better developed than on recent material. Van de Weerd (1973) reported the presence 
of two m1, one m2, two M1 and two M2 of M. musculus in the locality Varkiza 2; 
the material has no differences from recent M. musculus from Greece. Two m1 from 
the Upper Pleistocene locality Loutra Almopias Cave LAC have been attributed to 
the recent steppe mouse M. spicilegus by Chatzopoulou (2014). An assemblage 
consisting of eight m1, nine m2, three m3, six M1, one M3 and several partial tooth-
less mandibles from the mid-Pleistocene locality Latomi 1 has been assigned to 
Mus sp. by Storch (1975). According to the author, the M1 is relatively large and the 
M3 relatively small, whereas the lingual root of the M1 is strongly bent forwards. 
The size and morphology of the molars fit well with those of the recent house 
mouse, M. musculus, but identification to species level of such a small assemblage 
is not appropriate, according to Storch (1975). Mus sp. has been reported from the 
late Biharian fauna of Choremi 3 (one specimen) (van Vugt et al. 2000). For the 
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endemic Cretan Pleistocene–Holocene species Mus bateae Mayhew, 1977 and Mus 
minotaurus Bate, 1942, see Lyras et al. (volume 2).

★Mus aegaeus Kuss and Storch, 1978

Type Material Left m2, SMF 76/1331(holotype) (Kuss and Storch 1978: Fig. 42).

Type Locality Kalymnos-Xi, Greece, Lower Pleistocene [Biharian].

Distribution Late Early Pleistocene (Biharian) of Greece (only known from the 
type locality).

Remarks The species is only based on the holotype, but Kuss and Storch (1978) 
suggested that its morphological difference from those of other murins of similar 
age allow the establishment of a new species. This m2 is low-crowned, very large 
and relatively narrow, of similar size with those of M. minotaurus, showing an iso-
lated anterolabial cuspid, a very large protoconid and a small metaconid.

Rattus Fischer von Waldheim, 1803

Type Species Mus rattus Linnaeus, 1758.

Other Taxa Included The genus includes around 56 extant species (Macdonald 
2009), some of which have also been found in Pleistocene and Holocene fossil and 
subfossil assemblages [e.g., R. rattus (Linnaeus, 1758); R. norvegicus (Berkenhout, 
1769); R. pyctoris (Hodgson, 1845); R. argentiventer (Robinson and Kloss, 1916)]; 
(extinct) R. haasi Tchernov, 1968; R. dobrogicus Terzea, 1973; R. casimcensis 
Radulescu and Samson, 1973; R. trinilensis Musser, 1982.

Distribution Early Pleistocene–present, cosmopolitan.

Remarks Storch (1975) assigned six molars from the mid-Pleistocene locality 
Latomi 1 to R. rattus, based on their morphological and metrical similarity with the 
modern black rat. He also assigned one M2 to cf. Rattus sp.; the molar is larger than 
those of R. rattus, with higher cusps strongly leaning posteriorly and a larger t1, and 
clearly differs from those of R. rattus, R. turkestanicus, R. norvegicus, R. haasi and 
Kritimys (Storch 1975:179–180).

 Subfamily Arvicolinae Gray, 1821

Type Genus Arvicola Lacépède, 1799.

Remarks Arvicolinae indet. has been reported in the faunal lists for Tourkobounia 
3 and Tourkobounia 4 (Reumer and Doukas 1985). Van de Weerd (1973) reported 
the presence of several unidentifiable fragmentary vole molars in Varkiza 2.
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Microtodon Miller, 1927
(= / or including as subgenera Baranomys Kormos, 1933 and Bjornkurtenia 
Kowalski, 1992, according to de Bruijn 2010)

Type Species Sigmodon atavus Schlosser, 1924.

Other Taxa Included M. loczyi (Kormos, 1933); M. longidens Kowalski, 1960; 
M. canterranensis (Michaux, 1976); M. komanensis Hordijk and de Bruijn, 2009.

Distribution Late Turolian–early Pliocene (late Ruscinian) of Eurasia.

Remarks One small M1 from the locality Komanos 1 low A has been attributed to 
Microtodon sp.; it is too small to belong to M. komanensis described from the area, 
whereas its size is similar to that of M. atavus, but its prisms are better developed 
than those of this species; it is within the size range of M. canterranensis and M. lon-
gidens (Hordijk and de Bruijn 2009:52).

★Microtodon komanensis Hordijk and de Bruijn, 2009

Type Material m1, KO1low A–147 (holotype) (Hordijk and de Bruijn 2009: 
Pl. 14.1).

Type Locality Komanos 1 low A, Greece, Lower Pliocene [early Ruscinian 
(MN14)].

Distribution Only from the early Pliocene of Greece.

Occurrences in Greece Komanos 1 low A and B, Komanos 1 high A and Vorio 3A.

Remarks The species is based on a small collection (Fig. 32) of six m1, two m2, 
six m3, two M1, five M2 and six M3 from Komanos 1 low A (Hordijk and de Bruijn 
2009). According to the diagnosis by Hordijk and de Bruijn (2009:47), the species 
has mesodont molars of large size, with clearly alternating re-entrant folds, gener-
ally undifferentiated enamel (with rare slight differences in thickness) and almost 
straight enamel border at the crown base; a small but well-developed anterior cap on 
the m1, with a small round enamel islet on unworn specimens and an anteriorly 
curved LRA2 on some m1; confluent dentine fields; primitive m3, with deep and 
wide LRA2, shallow BRA2, poorly developed or undeveloped LRA1 and posterior 
lobe; juvenile M3 with usually isolated anterior lobe, moderately worn M2 with 
connection between anterior lobe and T2 and deeply worn M2 with anterior enamel 
islet due to the closure of the BRA1; and M3 with a short and wide posterior cap 
with a deep oval posterior enamel islet and generally closed BRA2 that encloses a 
small deep round postero-labial enamel islet. The species has also been described 
from Komanos 1 low B (one M3) and Komanos 1 high A (Fig. 32) (two m1, one m2, 
three M1, two M2 and two M3). A small assemblage from Vorio 3A (one m1, two 
m2, two m3, three M1, two M2 and one M3) has been assigned to M. aff. komanen-
sis; most of the molars show slight differences from the ones from the type locality; 
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Fig. 32 Microtodon komanensis from Komanos 1 low A (type locality). a M1, d–f M3 (occlusal, 
lingual and labial view), g M3, h–i m1 (holotype); occlusal and labial view), j–k m1 (occlusal and 
labial view), n–o m3 (occlusal and labial view), and from Komanos 1 high A. b–c M2 (occlusal 
and lingual view), l–m m2 (occlusal and labial view). Images courtesy of K. Hordijk and H. de 
Bruijn. All specimens figured as left; a, b–c, h–i are reversed. Scale bar equals 1 mm

however, the Vorio 3A M3 differs from M. komanensis from Komanos: it is slightly 
higher-crowned, its BRA1 closes earlier with wear and the LRA2 separates the T2 
and T3 (Hordijk and de Bruijn 2009:51–52). The authors presume that this material 
is slightly more evolved compared to M. komanensis, but refrain from naming a new 
species due to the scarcity of the material and its similarity with M. komanensis.

Promimomys Kretzoi, 1955
(= Prosomys Shotwell, 1956 = Polonomys Kretzoi, 1959, according to Hordijk 
and de Bruijn, 2006)

Type Species Promimomys cor Kretzoi, 1955.
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Other Taxa Included P. moldavicus (Kormos, 1932); P. mimus (Shotwell, 1956); 
P. insuliferus Kowalski, 1958; P. gracilis Kretzoi, 1959; P. microdon Jánossy, 1974; 
P. asiaticus Jin and Zhang, 2005; P. enginae Alpaslan, 2015 (see remarks on the 
status of Promimomys in Hordijk and de Bruijn 2009: 52-54).

Distribution Late Miocene (late Turolian)–early Pliocene of Europe and Asia; 
Late Miocene of N America (with P. mimus).

Remarks One heavily damaged M1 from the latest Miocene fauna from Prosilion–
Mercurion (Servia Basin) has been provisionally assigned to cf. Promimomys sp. by 
Hordijk and de Bruijn (2009:57), because of its similarity with P. cor from 
Komanos 1.

Promimomys cor Kretzoi, 1955

Type Material Partial left mandible with a heavily worn m1, the anterior root of 
the m2 and the base of the incisor (holotype) (Kretzoi 1955: Fig. 1).

Type Locality Csarnóta 2, Hungary, Lower Pliocene [early Ruscinian (MN14)].

Distribution Early Pliocene of Europe.

Occurrences in Greece Komanos 1 low B, Komanos 1 high A, Kardia, Vorio 1, 
and Ptolemais 1.

Remarks According to Kretzoi’s (1955:91) original diagnosis (free translation 
from German), it differs from P. moldavicus through the simple and broadly rounded 
front edge of the anterior cap, more pronounced brachyodonty and larger size. Three 
Ruscinian faunas from the Ptolemais–Servia Basin have revealed P. cor: Komanos 
1 low B (three m1, four m2, three m3, three M1, six M2, six M3), Komanos 1 high 
A (one m1, four m2, four m3, two M1, four M2, two M3) and Vorio 1 (six m1, nine 
m2, three m3, two M1, six M2, three M3) (Hordijk and de Bruijn 2009). Some of 
the Vorio 1 M2 show an antero-lingual cingulum at the crown base, whereas all M3 
show an LRA3, sometimes connected to the posterior islet, and three thin, well- 
separated roots. The Komanos molars lack these characters present in the Vorio 
molars, whereas the anterior roots on some M3 are either fused or reduced to a 
single root (Hordijk and de Bruijn 2009:56). The rich assemblages from Kardia 
(nine m1, 19 m2, 20 m3, 15 M1, 13 M2, 24 M3) and Ptolemais 1 (21 m1, 22 m2, 17 
m3, 46 M1, 52 M2, 51 M3), previously described as Promimomys insuliferus by van 
der Weerd (1979), have also been attributed to Promimomys cor by Hordijk and de 
Bruijn (2009), after their re-examination. The Ptolemais 1 M2 show a low and small 
antero-lingual cuspule, and some M3 show an LRA3 and an open posterior enamel 
islet, features not present in the Kardia molars; the M3 from Kardia have fused 
anterior roots or a single anterior root, whereas the M3 from Ptolemais 1 more fre-
quently have three separated roots (van der Weerd 1979:153; Hordijk and de Bruijn 
2009:56).
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Promimomys insuliferus Kowalski, 1958

Type Material Mandible with m1–3, no. MF/22, (holotype) Institute of Systematics 
and Evolution of Animals of the Polish Academy of Sciences, Krakow (Kowalski 
1956: Pl. IV.7 and text–fig. 2a).

Type Locality Podlesice, Poland, Lower Pliocene [early Ruscinian (MN14)].

Distribution Early Pliocene (Ruscinian) of Europe and Turkey.

Occurrences in Greece Spilia 0 and Limni 3.

Remarks According to Kowalski (1958:41), P. insuliferus differs from P. cor. and 
P. moldavicus through its smaller size and the remarkably long duration of the 
enamel islet in the anterior cap of the m1. P. insuliferus has been included in the 
faunal list for Spilia 0 (de Bruijn 1989) and P. cf. insuliferus in the faunal list for 
Limni 3 (van der Meulen and van Kolfschoten 1986).

Mimomys Forsyth Major, 1902

Type Species Mimomys pliocaenicus Forsyth Major, 1902.

Other Taxa Included [including the subgenera Aratomys Zazhigin in Gromov and 
Poljakov, 1977 (=Kilarcola Kotlia, 1984), according to Repenning (2003); Cosomys 
Wilson, 1932; Ogmodontomys Hibbard, 1941; Cseria Kretzoi, 1959; Ophiomys 
Hibbard and Zakrzewski, 1967; Cromeromys Zazhigin, 1980; according to 
Repenning and Grady 1988] M. (Cr.) intermedius (Newton, 1881); M. savini Hinton, 
1910; M. reidi Hinton, 1910; M. majori Hinton, 1910; M. cantianus Hinton, 1910; 
M. pusillus (Méhely, 1914); M. franconicus Heller, 1930; M. (Cs.) stehlini Kormos, 
1931; M. moldavicus Kormos, 1932; M. (Oph.) parvus (Wilson, 1933); M. kormosi 
Brunner, 1933; M. fejervaryi Kormos, 1934; M. orientalis Young, 1935; M. hassia-
cus Heller, 1936; M. (Og.) poaphagus Hibbard, 1941; M. coelodus Kretzoi, 1954; 
M. kislangensis Kretzoi, 1954; M. obtusus Kretzoi, 1954; M. arvalinus Kretzoi, 
1954; M. (Og.) sawrockensis Hibbard, 1957; M. delmi Brunner, 1958; M. (Oph.) 
taylori Hibbard, 1959; M. (Cs.) gracilis (Kretzoi, 1959); M. polonicus Kowalski, 
1960; M. hajnackensis Fejfar, 1961; M. hintoni Fejfar, 1961; M. kretzoii Fejfar, 
1961; M. minor Fejfar, 1961; M. proseki Fejfar, 1961; M. medasensis Michaux, 
1971; M. septimanus Michaux, 1971; M. (Oph.) fricki Hibbard, 1972; M. (Oph.) 
magilli Hibbard, 1972; M. monohani Martin, 1972; M. blanci van der Meulen, 
1973; M. antis Savinov, 1974; M. silasensis Jánossy, 1974; M. (Cs.) parkeri Martin, 
1975; M. pitymyoides Jánossy and van der Meulen, 1975; M. (Cr.) tornensis Jánossy 
and van der Meulen, 1975; M. ostramosensis Jánossy and van der Meulen, 1975; 
Mimomys (Cr.) gansunicus Zheng, 1976; M. banchiaonicus Zheng, 1976; M. pseu-
dointermedius Erbajeva, 1976; M. (Ar.) multifidus Zazhigin in Gromov and Poljakov 
1977; M. (Oph.) mcknighti (Gustafson, 1978); M. davakosi van de Weerd, 1979; 
M. antiquus (Zazhigin, 1980); Mimomys (Cr.) irtyshensis (Zazhigin, 1980); M. post-
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silasensis Rabeder, 1981; M. praepliocaenicus Rabeder, 1981; M. (Cs.) carnuntina 
Rabeder, 1981; M. (Cs.) proopsia Rabeder, 1981; M. (Cs.) opsia Rabeder, 1981; 
M. youhenicus Xue, 1981; M. malezi Rabeder, 1983; M. clairi Chaline, 1984; 
M. (Ar.) kashmirensis (Sahni and Kotlia, 1985); M. peii Zheng and Li, 1986; 
M. realensis Esteban and Martinez-Salanova, 1987; M. hanzhongenicus Tang and 
Zong, 1987; M. haplodentatus Savinov and Tutkova, 1987; M. (Cr.) virginianus 
Repenning and Grady, 1988; M. dakotaensis Martin, 1989; M. vandermeuleni 
Feifar, Mein and Moissenet, 1990; M. (Oph.) panacaensis Mou, 1997; M. (Cr.) 
hordijki van Kolfschoten and Tesakov, 1998; M. (Ar.) bilikeensis (Qiu and Storch, 
2000); M. (Og.) pipecreekensis Martin et al., 2002.

Distribution Late Miocene (late Turolian)–Middle Pleistocene of Europe, Asia 
and N America.

Remarks Obviously the genus has been over-split; some of the included species 
might be proven to be synonymous, e.g., M. intermedius = M. savini = M. majori, 
according to Agadjanian and Kondrashov (2007). Martin (2003) gave three criteria 
for including a species in Mimomys: highly developed negative enamel differentia-
tion, Mimomys schmelzmuster and presence of roots. Based on these, many of the 
species (see Appendix) could be transported to Promimomys (e.g., M. davakosi). 
Since the revision of the genus is beyond the scope of this paper, we list all species 
described in the literature as Mimomys (see Appendix).

Mimomys sp. has been reported from the late Villanyian fauna of Rema Aslan 
(van der Meulen and van Kolfschoten 1986), the locality Yerakarou (= Gerakarou 
1 in Koliadimou 1996) (Zamanis et al. 1980) and the lacustrine deposits of Yialtra 
(Evia Island) (Katsikatsos et  al. 1981), but without details on the assemblages. 
Mimomys sp. is also reported from Alikes, with a complete skull bearing all molars 
(Athanassiou 1998); the Mimomys-type enamel differentiation is recognized in the 
sample, and the size of the molars indicates a large species (e.g., M. savini, M. plio-
caenicus), but the lack of the diagnostic m1 does not allow further identification. 
One M2 and one M3 from the Biharian fauna of Marathoussa (N Greece) have been 
assigned to Mimomys sp. (Koufos et al. 2001); they are similar to M. savini, but the 
absence of m1 does not allow specific classification. One M1 from Choremi 2 and 
one m2 from Choremi 4 have been assigned to Mimomys sp.; they are medium-sized 
and thus too small to belong to M. aff. savini also present in the localities, and bear 
roots, cement in the re-entrant angles and Mimomys-type enamel differentiation 
(van Vugt et al. 2000). One M1 and part of a mandible with partially preserved m2 
from the Ruscinian fauna of Makrygialos have been identified as ?Mimomys sp. 
(Sylvestrou 2002); the archaic dental features (i.e., three-rooted M1, absence of 
cement from the M1, relatively low crown height and small size) place the samples 
in the Mimomys primitive forms.

★Mimomys davakosi van de Weerd, 1979

Taxonomical History Considered as a senior synonym of M. vandermeuleni 
Fejfar et al. 1990, according to Hordijk and de Bruijn (2009).
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Type Material Left m1, PT3 12 (holotype) (van der Weerd 1979: Fig. 6–4)

Type Locality Ptolemais 3, Greece, Lower Pliocene [late Ruscinian (MN15)].

Distribution Early Pliocene (Ruscinian) of Europe, Russia and Turkey.

Occurrences in Greece Tomea Eksi 3, Vorio 3 and 3A, Ptolemais 3, Komanos 2 
(Fig. 33).

Remarks Radulescu and Samson (1989) considered M. davakosi to be a junior 
synonym of M. moldavicus Kormos 1932; Fejfar et al. (1997:278) commented that 
M. moldavicus is based on “insufficient material”, but the two species could indeed 
be synonymous. Hordijk and de Bruijn (2009:58) prefer retaining M. davakosi as a 
separate species pending further study of the type materials. A rich vole tooth col-
lection from the Lower Pliocene locality Ptolemais 3 (20 m1, 28 m2, 27 m3, 25 M1, 
27 M2, 30 M3) has been the base for the creation of M. davakosi by van der Weerd 
(1979). The diagnostic dental features are low crown, no cement, low or absent 
enamel-free areas, closed enamel islet on almost all molars, poorly developed 
Mimomys ridge, prism- and islet-folds and weak fourth lingual re-entrant fold on the 
m1 (van der Weerd 1979:155). M. davakosi is also present in Komanos 2 with one 
m1, three m2, six m3, two M1 and four M3 and in Vorio 3 and 3a with two m1, one 
m2, two M1 and two M2 (Hordijk and de Bruijn 2009). Five m1, eight m2, 13 m3, 
four M1, three M2 and eight M3 from the locality Tomea Eksi 3 have been assigned 
to M. aff. davakosi, as “the material represents an intermediate evolutionary stage 
between Promimomys cor and Mimomys davakosi” and assignment to either is pos-
sible (Hordijk and de Bruijn 2009:61).

Mimomys hajnackensis Fejfar, 1961

Type Material Right m1, No. 65361(holotype) (Fejfar 1961: Abb. 2a, c).

Type Locality Hajnáčka, Slovakia, Upper Pliocene [early Villanyian (MN16)].

Distribution Late Pliocene (early Villanyian) of Europe.

Occurrences in Greece Tourkobounia 1, Limni 6 and Damatria.

Remarks The species has been considered a junior synonym of M. hassiacus 
Heller 1936 by several authors (e.g., Mörs et al. 1998:147, Sabol et al. 2006:267), 
but others retain it as a separate species (e.g., Mayhew et al. 2008) (see Mörs et al. 
1998:149 for synopsis on the synonymy between the species and Mayhew et  al. 
2008:182 for discussion on taxonomy of large Mimomys species). Here we decided 
to maintain it as a separate species, as we have not studied material from the type 
localities of the two species. M. cf. hajnackensis has been reported from the early 
Villanyian faunas of Damatria (Rhodes Island) and Limni 6 (Evia Island) (van der 
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Fig. 33 Mimomys davakosi from Vorio 3 and 3A. a–b M1 (occlusal and lingual view), c–d M2 
(occlusal and lingual view), h–i m1 (occlusal and labial view), j–k m1 (occlusal and labial view), 
and from Komanos 2. e–f M3 (occlusal and lingual view), g M3, l m3. Images courtesy of 
K. Hordijk and H. de Bruijn. All specimens figured as left; c–d, e–f, g, j–k, l are reversed. Scale bar 
equals 1 mm
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Meulen and van Kolfschoten 1986). The same material from Limni 6 had been ear-
lier reported as M. cf. polonicus by de Bruijn and van der Meulen (1979), but no 
information on the assemblage is available in either publication. Benda et al. (1977) 
mentioned that one M1 with features similar to those of both M. stehlini and 
M. polonicus has been found in “an exposure of the Damatria formation… in the 
airport exposure”, but it is not known whether this is the same locality and the same 
material reported by van der Meulen and van Kolfschoten (1986). Two M1 and two 
M3 from the Villanyian fauna of Tourkobounia 1 were described by de Bruijn and 
van der Meulen (1975) and were assigned to Mimomys sp., due to the absence of the 
diagnostic m3; later, the same material was referred to M. cf. septimanus by de 
Bruijn and van der Meulen (1979) and to M. hajnackensis by van der Meulen and 
van Kolfschoten (1986), without justification.

Mimomys gracilis (Kretzoi, 1959)

Nomenclatural and Taxonomical History Cseria gracilis in Kretzoi 1959 (new 
species); Mimomys gracilis in Kowalski 1960 (new combination).

Type Material Left m1(holotype) (Kretzoi 1962: text–fig. 3).

Type Locality Csarnóta 2, Hungary, Pliocene [late Ruscinian (MN15)].

Distribution Pliocene of Europe and Turkey.

Occurrences in Greece Limni 6 and Archipolis.

Remarks The species was initially described by Kretzoi (1959) as the type species 
of Cseria. He did not assign a holotype, nor did he give a diagnosis, only a short 
comparison with Mimomys: the length of the m1 is 2.4–2.5 mm; the molars are 
shorter than those of Mimomys and without cement; the root is long and forms at an 
early stage; the enamel is thick and not differentiated. M. gracilis had been included 
in the faunal list for the locality Kastoria 1 by de Bruijn and van der Meulen (1979), 
but, later, van der Meulen and van Kolfschoten (1986) included two other arvicoline 
species in the Kastoria 1 faunal list and not M. gracilis. M. cf. gracilis has been 
included in the faunal list for Limni 6 (van der Meulen and van Kolfschoten 1986), 
whereas in the faunal list given by de Bruijn and van der Meulen (1979) the same 
material had been referred to M. cf. septimanus. M. cf. gracilis has also been 
reported from the locality Archipolis (Rhodes Island) by Doukas and Papayianni 
(2016), whereas the only arvicolid in the faunal list for this locality previously 
reported by van der Meulen and van Kolfschoten (1986) was M. cf. stehlini.

Mimomys reidi Hinton, 1910

Type Material Left m1, GMS 48637 (Mayhew and Stuart 1986:Fig. 13.6 a, b; 
according to Mayhew and Stuart 1986:442 and 458). The holotype had been previ-
ously figured as Arvicola intermedius by Newton (1882: Pl. XIII.8).
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Type Locality “Weybourne Crag”, Trimingham, Great Britain, Upper Pliocene.

Distribution Late Pliocene–Middle Pleistocene of Europe.

Occurrences in Greece Kardamena and Kastoria 2.

Remarks The species has been re-diagnosed by Mayhew and Stuart (1986:458), 
based not only on the type material from the type locality but also on additional 
material attributed to this species from eastern England. According to their revised 
diagnosis, it is a medium-sized Mimomys, with enamel thicker on the convex sides 
of the triangles and small to moderate amounts of cement, with moderately high- 
crowned molars; the enamel islet in the m1 disappears at an early wear stage, the 
triangles are confluent and the Mimomys ridge is persisting for at least half the 
height of the crown. Further, on the m2, the T1 is separated from the posterior lobe, 
the T1 and T2 are partly confluent, the T2 is separated from the anterior region and 
there are three dentine fields. The m3 also has three dentine fields and the T1 and T2 
are broadly confluent. The M1 has two or three roots, the dentine fields are not com-
pletely separated and the LSA2 is prominent and rounded, with low enamel-free 
area. The M2 is two-rooted and the T2 and T3 are partly confluent. The M3 is also 
two-rooted, the enamel islet is present till moderate wear stage, whereas the anterior 
lobe and the T2 are weakly separated from the posterior lobe. M. reidi is in the fau-
nal list for the locality Kastoria 2 and M. cf. reidi in the faunal list for the locality 
Kardamena (Kos Island) (van der Meulen and van Kolfschoten 1986), but no addi-
tional information is available.

Mimomys pliocaenicus Forsyth Major, 1902

Type Material Left mandible with i, m1, m2 (holotype) (Forsyth Major 1902: 
Fig. 13.8–9).

Type Locality Upper Val d’Arno, Italy, Upper Pliocene.

Distribution Late Pliocene–Early Pleistocene of Europe.

Occurrences in Greece Kastoria 2.

Remarks Mayhew and Stuart (1986:444) gave the diagnosis of the species: large 
Mimomys, abundant crown cement, enamel thicker on the convex sides of the tri-
angles; m1 and M3 with isolated enamel islet before root formation and present 
during a long ontogenetic period; M1–M3 two- or three-rooted. M. pliocaenicus has 
been reported from the locality Kastoria 2 by van der Meulen and van Kolfschoten 
(1986), without further information.
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Mimomys ostramosensis Jánossy and van der Meulen, 1975

Type Material A viscerocranium with complete right dentition and the left M1–2, 
together with the left mandible with m1–3 of the same individual, no. V.73.2 (holo-
type), Hungarian Natural History Museum, Budapest (Jánossy and van der Meulen 
1975:Pl. I.1a–b).

Type Locality Osztramos 3, Hungary, Lower Pleistocene [late Villanyian (MN17)].

Distribution Late Pliocene–Middle Pleistocene of Europe and Turkey.

Occurrences in Greece Lagkada (Kos Island).

Remarks The diagnosis states that the species is very large and phylogenetically 
advanced, with enamel islets on the m1 and M3 and Mimomys ridge on the m1 pres-
ent only in unworn and slightly worn specimens (Jánossy and van der Meulen 
1975). M. ostramosensis is in the faunal list of the locality Lagkada (Kos Island) 
(van der Meulen and van Kolfschoten 1986), without further information.

Mimomys savini Hinton, 1910

Type Material Right m1, B.M. No. M. 6986b (holotype) (Savin Collection) (fig-
ured by Forsyth Major 1902: text–fig.15, figs. 22, 22a, 22b as Mimomys intermedius)

Type Locality West Runton Upper Freshwater Bed, England, Lower Pleistocene 
[Biharian].

Distribution Late Early Pleistocene (Biharian) of Europe.

Occurrences in Greece Kaifas, Zeli 2, Zeli 2A and B, Ravin Voulgarakis, 
Kalamoto-1 and Choremi 1, 2, 3 and 4.

Remarks The specific features given by Hinton (1926:365) are (among others) 
medium size, well-differentiated enamel and re-entrant folds partly filled with 
cement, and on the m1 the enamel islet is present in early wear stages (before the 
formation of roots). One partial left mandible with m1–2 and the incisor from the 
locality Kalamoto has been assigned to M. savini by Tsoukala and Chatzopoulou 
(2005); the molars are large, with cement in the synclines, no enamel islet and 
restricted communication between the T4 and T5 on the m1. M. savini has also been 
described from Ravin Voulgarakis, where a rich assemblage of 15 m1, 16 m2, 10 
m3, eight M1, 15 M2, 15 M3 and a mandible with m1–m2 has been found; the 
material is characterized by the presence of two roots on all molars, Mimomys-type 
enamel-thickness differentiation and presence of an enamel islet in the first wear 
stages of the m1 (Koliadimou 1996). M. savini has been also reported from the 
localities Kaiafas, Zeli 2 and Zeli 2A and B (van der Meulen and van Kolfschoten 
1986), with no information on the available material. The late Biharian faunas of 
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Choremi 1–4 (Megalopolis Basin) have yielded several molars (30 in Choremi 1, 
30 in Choremi 2, 43 in Choremi 3, 36 in Choremi 4) assigned to M. aff. savini: the 
molars are high-crowned and larger than the ones from the type locality (hence the 
open identification), bear roots, crown cement, negative enamel differentiation, do 
not show a Mimomys islet on the M3 and m1, and one molar bears a Mimomys ridge 
that disappears close to the crown base (van Vugt et al. 2000:74–75).

Dolomys Nehring, 1898

Type Species Dolomys milleri Nehring, 1898.

Other Taxa Included D. occitanus (Thaler, 1955); D. nehringi Kretzoi, 1959; 
D. odessanus Nesin, 1987; D. adroveri Fejfar, Mein and Moissenet, 1990.

Distribution Pliocene–Early Pleistocene of Europe.

Remarks One worn and damaged m1 found in the locality Apolakkia–2 (Rhodes 
Island) has been assigned to Dolomys sp.; it shows a shallow but well-developed 
fourth labial fold in the anteroconid, and there is no enamel islet or a trace of a 
Mimomys ridge (van de Weerd et al. 1982).

Dolomys occitanus (Thaler, 1955)

Nomenclatural and Taxonomical History Mimomys occitanus in Thaler 1955 
(new species); Dolomys occitanus in Maul 1996 (new combination).

Type Material No holotype was designated by Thaler, but Chaline (1974:343) 
designated a neotype: left m1, SE–91, University of Montpellier [Chaline 1974: fig. 
8 (9); fig. 9 (5)].

Type Locality Grotte 1, Sète, France, Pliocene [MN15].

Distribution Pliocene (late Ruscinian–Villanyian) of Europe and Turkey.

Occurrences in Greece Apolakkia–2, Spilia 3–4 and Kastoria 1.

Remarks According to Thaler’s (1955:434) diagnosis, early root development, 
small degree of hypsodonty and three roots on the M3 characterize this species. 
Chaline (1974:343) also added that there is no cement in the synclines. The  presence 
of D. occitanus is mentioned from the late Ruscinian fauna of Apolakkia–2 with 
“some rodent remains belonging to Mimomys occitanus” by Benda et al. (1977:121). 
Van de Weerd et al. (1982) described mostly fragmentary material from the same 
site (possibly the same material found by Benda et al. 1977): five anterior parts of 
m1, one M1, one M2, one complete and three partial M3. The length of the antero-
conid, the height of the enamel-free areas and the open labial fold in front of the 
Mimomys ridge of the Apolakkia–2 m1 show similarities with the Sète m1; how-
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ever, the M3 from Apolakkia–2 is different from that from Sète in having a short 
anterior labial fold without enamel islet (van de Weerd et al. 1982:100). D. occita-
nus has also been reported in the faunal list from Spilia 3–4 (de Bruijn and van der 
Meulen 1979) and in the faunal list from Kastoria 1 (van der Meulen and van 
Kolfschoten 1986), with no further information.

Dolomys nehringi Kretzoi, 1959

Type Material No holotype or neotype has ever been designated; Kretzoi figured 
one right m1 and one left M3 from the type locality (Kretzoi 1962:text–fig. 4.a–b).

Type Locality Csarnóta 2, Hungary, Pliocene [late Ruscinian].

Distribution Pliocene of Europe.

Occurrences in Greece Notio 1.

Remarks This vole from Csarnóta–2, much smaller than D. milleri, was assigned 
to a new species without a lot of information and detailed descriptions by Kretzoi 
(1959:242–243). A small assemblage from Notio 1 (two partial m1, two complete 
and two partial m3, one partial M1 and one partial M3) has been assigned to D. cf. 
nehringi, as the size and morphology of the molars appear to be close to those of the 
material from Csarnóta 2 (Hordijk and de Bruijn 2009:61–62).

Propliomys Kretzoi, 1959

Type Species Dolomys hungaricus Kormos, 1934.

Distribution Pliocene of Europe and Turkey.

Propliomys hungaricus (Kormos, 1934)

Nomenclatural and Taxonomical History Dolomys hungaricus in Kormos 1934 
(new species); Propliomys hungaricus in Kretzoi 1959 (new combination).

Type Material Mandible with m1–m3, no. 3799 (holotype) (Kormos 1934: fig. 46)

Type Locality Csarnóta 2, Hungary, Pliocene [late Ruscinian (MN15)].

Distribution Pliocene (late early Ruscinian–early Villanyian) of Europe 
and Turkey.

Occurrences in Greece Notio 1 and Kastoria 1.

Remarks The length of the m1 is between 2.8 and 3.2 mm; the enamel thickness 
is even; there is variation in the shape of the anterior cap of the m1 (Kretzoi 1959). 
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Some more features characterizing the species are as follows: the anteroconid is 
elongated; the alternating synclines are asymmetrical; the BRA3 is deep; the lingual 
triangles are larger than the buccal ones (Fejfar et al. 2011:26). A small assemblage 
from Notio 1, consisting of one complete and five partial m1, five m2, six m3, three 
M1 (one damaged), six complete (three damaged) and two fragmentary M2 and 12 
complete (four damaged) and one fragmentary M3, has been referred to P. hungari-
cus; the dental features of the samples correspond very well to the material from 
Csarnóta 2 (Hordijk and de Bruijn 2009:62–63). The species is also in the faunal list 
of the locality Kastoria 1 (as Pliomys hungaricus; van der Meulen and van 
Kolfschoten 1986), with no information of the assemblage.

Pliomys Méhely, 1914

Type Species Pliomys episcopalis Méhely, 1914.

Other Taxa Included P. coronensis (Méhely, 1914); P. lenki (Heller, 1930); P. dal-
maticus Kormos, 1931; P. progressus Kretzoi, 1938; P. simplicior Kretzoi, 1956; 
P. proavius Heller, 1958/59; P. zimmermanni (Brunner, 1958); P. soergeli (Brunner, 
1958); P. kowalskii Schevtschenko, 1965; P. ucrainicus (Topacevski, and Scorik, 
1967); P. posterior Jánossy, 1969; P. chalinei Jeannet, 1974; P. graecus de Bruijn 
and van der Meulen, 1975; P. hollitzeri Rabeder, 1981; P. jalpugensis Nesin, 1983; 
P. schernfeldensis Carls and Rabeder, 1988; P. destinatus Tesakov, 2005.

Distribution Pliocene–Late Pleistocene of Europe, Pliocene of Ukraine, 
Kazakhstan, Early Pleistocene of N America.

★Pliomys graecus de Bruijn and van der Meulen, 1975

Type Material Partial right mandible with incisor and m1–m2, no. 695 (holotype) 
(de Bruijn and van der Meulen 1975: Pl. 2.1)

Type Locality Tourkobounia 1, Greece, Upper Pliocene [Villanyian (MN16)].

Distribution Late Pliocene–Middle Pleistocene of Greece.

Occurrences in Greece Tourkobounia 1 and Limni 6.

Remarks De Bruijn and van der Meulen (1975) created the species based on a rich 
material (Fig. 34) from Tourkobounia 1, consisting of 13 m1, 18 m2, 19 m3, 16 M1, 
24 M2 and 13 M3. According to the diagnosis, the m1 has a short, wide AC and very 
low enamel-free areas, the M2 usually has an incipient LRA1 and the posterior part 
of the M3 is strongly reduced (de Bruijn and van der Meulen 1975:323). P. graecus 
has also been found in Limni 6 (van der Meulen and van Kolfschoten 1986), with 
no additional information. The Limni 6 material had been previously listed as 
Pliomys hungaricus by de Bruijn and van der Meulen (1979).
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Fig. 34 Pliomys graecus from Tourkobounia 1 (type locality). a right m1–m2 (holotype), b left 
m3, c right M1 (occlusal and lingual view), d left M2 (occlusal and lingual view), e left M3 (juve-
nile; occlusal and lingual view), f right M3 (occlusal and lingual view). Drawings courtesy of H. de 
Bruijn. Scale bar equals 1 mm for occlusal views and 2 mm for lingual views

Pliomys episcopalis Méhely, 1914

Taxonomical History Considered as a senior synonym of Dolomys episcopalis 
bolkayi Kormos, 1931, according to Bona et al. (2008).

Type Material Méhely did not designate a holotype; Hinton (1926:342) desig-
nated a right mandibular ramus (Méhely 1914: taf. V.10) as the lectotype.

Type Locality Somlyóberg, Püspökfürdő, Hungary, Lower Pleistocene.

Distribution Early–Middle Pleistocene of Europe and Turkey.

Occurrences in Greece Megalopolis (Thoknia), Kastoria 2, Kaiafas, Zeli 2A and 
B and Choremi 3.

Remarks There is no cement in the synclines, and the thick enamel shows positive 
differentiation; two roots on the m1; the molar consists of the PL, five well- 
developed triangles and a small T6; there is a very shallow BRA4 and the AC is 
rounded anteriorly (Popov 2017). Van der Meulen and van Kolfschoten (1986) men-
tioned the presence of P. episcopalis in the Biharian faunas of Kastoria 2, Kaiafas 
and Zeli 2A and B, with no information on the assemblages. Benda et al. (1987) 
referred to P. cf. bolkayi (here reported as P. cf. episcopalis) a small collection of 
three m1, one m2, three M1, four M2 and five M3 from the locality Megalopolis 
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(Thoknia). The molars have two roots, positive enamel-thickness differentiation, 
there is no crown cement, the enamel-free areas are high and their size is larger than 
that of P. episcopalis (Benda et al. 1987:133). Four large, high-crowned and rooted 
molars with positive enamel differentiation and with no cement in the re-entrant 
angles from Choremi 3 have been assigned to P. aff. episcopalis by van Vugt et al. 
(2000); they are larger than the molars from the type locality, which might be an 
endemic character, according to the authors.

Borsodia Jánossy and van der Meulen, 1975

Type Species Mimomys newtoni Forsyth Major, 1902.

Other Taxa Included B. fejervaryi (Kormos, 1934); B. chinensis (Kormos, 1934); 
B. praehungarica (Schevtschenko, 1965); B. arankoides (Alexandrova, 1976); 
B. angensis (Adamenko, 1977); B. lenensis (Adamenko, 1977); B. prolaguroides 
(Zazhigin, 1980); B. parvisinuosa Rabeder, 1981; B. aequisinuosa Rabeder, 1981; 
B. altisinuosa Rabeder, 1981; B. klochnevi Erbajeva, 1998. [Some of the described 
species might be synonymous, e.g., Tesakov (1993) considered the species B. par-
visinuosa, B. aequisinuosa and B. altisinuosa to be junior synonyms of B. 
praehungarica.]

Distribution Late Pliocene (early Villanyian)–Early Pleistocene (early Biharian) 
of Europe, N China, Mongolia and Russia.

Remarks The poor material from the locality Gerakarou 1, consisting of one m2, 
one m3 and one M1, has been tentatively assigned to this genus (cf. Borsodia sp.) 
by Koliadimou (1996), due to the absence of the diagnostic teeth (m1, M3). The 
features of the molars are absence of cement, strong hypsodonty, tendency of root 
formation, no enamel-thickness differentiation (Koliadimou 1996).

Borsodia newtoni (Forsyth Major, 1902)

Nomenclatural and Taxonomical History Mimomys newtoni in Forsyth Major 
1902 (new species); Mimomys (Borsodia) newtoni in Jánossy and van der Meulen 
1975 (new subgenus); Borsodia newtoni in Carls and Rabeder 1988 (elevated to 
genus). Considered as a senior synonym of Mimomys newtoni hungaricus Kormos, 
1938 according to Mayhew and Stuart (1986), and Mimomys simplex Kretzoi, 1954 
according to Mayhew (2012).

Type Material Left m1, BMNH no. M 6967a, (holotype) Savin Collection no. 430 
(Forsyth Major 1902: text–fig. 13.7; Mayhew and Stuart 1986: Fig. 12.8a & b).

Type Locality Forest Bed or Weybourne Crag of East Runton, Norfolk Coast, 
England, Middle Pleistocene.
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Distribution Early Pliocene–Middle Pleistocene of Europe, Russia, Ukraine and 
Kazakhstan.

Occurrences in Greece Kastoria 2.

Remarks Mayhew and Stuart (1986:453) gave the diagnosis of the species: small 
size, absence of crown cement, closed dentine fields, positive enamel differentiation 
(Microtus-type), two-rooted molars, juvenile m1 with a Mimomys ridge, m1 without 
enamel islet and M3 with enamel islet. The species is reported in the faunal list for 
Kastoria 2 (as Mimomys newtoni) by van der Meulen and van Kolfschoten (1986), 
without any details on the material.

Lagurodon Kretzoi, 1956

Type Species Lagurus arankae Kretzoi, 1954.

Distribution Early Pleistocene (Biharian) of Europe, Ukraine, Russia and 
Kazakhstan.

Remarks Lagurodon sp. has been reported in the faunal lists of the localities 
Kaiafas and Zeli 2A and B by van der Meulen and van Kolfschoten (1986), without 
any detail on the material.

Lagurodon arankae (Kretzoi, 1954)

Nomenclatural and Taxonomical History Lagurus arankae in Kretzoi 1954 
(new species); Lagurodon arankae in Kretzoi 1956 (new combination).

Type Material Left m1(holotype) (Kretzoi 1954: Fig. 2c).

Type Locality Kisláng, Hungary, Upper Pliocene–Lower Pleistocene (3.5–1.7 Ma).

Distribution Late Pliocene–Early Pleistocene (Biharian) of Eurasia.

Occurrences in Greece Tourkobounia 2, Marathoussa, Alikes, Zeli 2, Ravin 
Voulgarakis and Apollonia-1.

Remarks Van der Meulen and Doukas (2001:265) assigned an assemblage of one 
partial mandible with m1–m2, 16 m1, 10 m2, seven M1, two M2 and four M3 from 
Tourkobounia 2 to Lagurodon arankae (as Lagurus arankae, following Rabeder 
1981:84): the molars are characterized by the absence of crown cement and roots, 
presence of wide re-entrant angles and narrow alternating triangles and Microtus- 
type enamel-thickness differentiation. Ravin Voulgarakis has yielded the richest 
L. arankae material in Greece, consisting of 160 m1, 85 partial m1, 206 m2, 144 
m3, two partial mandibles with m1–m2, 140 M1, 151 M2, 174 M3 and 20 partial 
M3 (Koliadimou 1996). The main features that classified the material to this species 
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are the absence of roots and crown cement, the Microtus-type enamel-thickness dif-
ferentiation, the presence on the m1 of four buccal and four lingual anticlines and of 
four enamel-free areas, the presence of strongly developed T6 and BRA4 on the m1, 
the presence of a small anticline on the LRA2 and the small oval PC on the M3 
(Koliadimou 1996). A poor sample of one m1, one m2 and one m3 from Apollonia-1 
has also been assigned to L. arankae (Koliadimou 1996). A quite rich material of 17 
m1, nine m2, eight m3, seven M1, seven M2 and nine M3 from Marathoussa (N 
Greece) has been indentified as L. arankae (Koufos et al. 2001). The species also 
appears in the faunal list for Zeli 2, (van der Meulen and van Kolfschoten 1986), 
with no additional information on the material. Finally, a fragmentary left mandible 
with m1–3 from the locality Alikes has been tentatively assigned to the species 
(L. cf. arankae) by Athanassiou (1998), due to poor preservation of the anteroconid 
on the m1.

Prolagurus Kormos, 1938

Type Species Lagurus pannonicus Kormos, 1930.

Other Taxa Included P. posterius Zazhigin, 1969; P. ternopolitanus 
(Topachevski, 1973).

Distribution Early–early Middle Pleistocene of Eurasia.

Prolagurus pannonicus (Kormos, 1930)

Nomenclatural and Taxonomical History Lagurus pannonicus in Kormos 1930 
(new species); Prolagurus pannonicus in Kormos 1938 (new combination). Also 
includes the subspecies P. pannonicus transylvanicus Terzea, 1989, according to 
Tesakov et al. (2019).

Type Material Skull fragment with M1–M2, GIH Ob 4617 Vt50 (holotype), 
Hungarian Geological Institute (Kormos 1930: text–figs. 1, 3–8).

Type Locality Somlyóberg, Püspökfürdő, Romania, terminal Lower Pleistocene.

Distribution Early–early Middle Pleistocene of Europe.

Occurrences in Greece Volos.

Remarks The molars of the species lack roots and crown cement, whereas the 
enamel-thickness differentiation is of Microtus-type; the anteroconid complex is 
separated from the rest of the m1, and the rounded anterior cap is separated from the 
anteroconid triangles. P. pannonicus is in the faunal list of the locality Volos (van 
der Meulen and van Kolfschoten 1986), with no details on the material.
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Lagurus Gloger, 1842

Type Species Mus lagurus Pallas, 1773 (extant).

Other Taxa Included Extinct: L. transiens Jánossy, 1962.

Distribution Pleistocene–present of Eurasia.

Remarks Pallas (1773:704) described Lagurus lagurus, the only extant species of 
the genus. Fossil material of the extant species has been found in Latomi 1 (Chios 
Island), with 26 m1 and 26 M3 and 14 more or less complete mandibles (Storch 
1975:180). A poor assemblage of L. lagurus, consisting of two m2, one m3, two M2 
and one M3, has also been described from the Upper Pleistocene locality Arnissa by 
Mayhew (1978:312).

Myodes Pallas, 1811
(= Clethrionomys Tilesius, 1850, sensu Carleton et al. 2014)

Type Species Mus rutilus Pallas, 1779 (extant).

Other Taxa Included Extant: M. glareolus (Schreber, 1780); M. gapperi (Vigors, 
1830); M. rufocanus (Sundevall, 1846); M. californicus (Merriam, 1890); M. ander-
soni (Thomas, 1905); M. smithii (Thomas, 1905); M. centralis (Miller, 1906); 
M. regulus (Thomas, 1907); M. shanseius (Thomas, 1908); M. imaizumii (Jameson, 
1961); M. rex (Imaizumi, 1971). Extinct: M. kretzoii (Kowalski, 1958); M. intrans 
(Kretzoi, 1958); M. hintonianus (Kretzoi, 1958); M. sokolovi (Topachevski, 1965).

Distribution Late Pliocene–present of Europe, Asia and N America.

Remarks One m1, three m3, three M1, one partial M1, one M2, two M3 and one 
partial M3 from Loutra Almopias Cave LAC and five m1, one partial m1, two m2, 
one m3, one partial mandible with m1–2, three M1, two M2 and one partial M3 
from Loutra Almopias Cave LAC Ia have been assigned to the extant M. glareolus 
(Chatzopoulou 2014; as Clethrionomys glareolus); the molars are rooted, with 
crown cement, even enamel thickness around the anti- and synclines, rounded edges 
of the triangles and confluent dentine fields. One m1 and one M3 of M. glareolus 
have also been found in the Upper Pleistocene locality Arnissa (Mayhew 1978:317, 
as Clethrionomys glareolus). Myodes sp. has been reported from the locality 
Kastoria 2 (van der Meulen and van Kolfschoten 1986; as Clethrionomys sp.), with-
out details on the material.

Kalymnomys von Koenigswald, Fejfar and Tchernov, 1992

Type Species Jordanomys major Kuss and Storch, 1978.

Other Taxa Included K. haasi (Tchernov, 1968).
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Distribution Late Pliocene–Early Pleistocene of Bulgaria, Greece, Turkey 
and Israel.

Remarks The presence of Kalymnomys sp. in the Villafranchian fauna of 
Karnezeika has been reported by Kokotini et al. (2019).

★Kalymnomys major (Kuss and Storch, 1978)

Nomenclatural and Taxonomical History Jordanomys major in Kuss and Storch 
1978 (new species); Kalymnomys major in von Koenigswald et  al. 1992 (new 
combination).

Type Material Partial left mandible with m1–m3, SMF 76/1491 (holotype) (Kuss 
and Storch 1978: Fig. 44).

Type Locality Kalymnos-Xi, Greece, Lower Pleistocene [Biharian].

Distribution Early Pleistocene of Bulgaria, Greece and Turkey.

Occurrences in Greece Lagkada, Purgos, Kaiafas, Tourkobounia 2 and 
Kalymnos-Xi.

Remarks The material from the type locality Kalymnos-Xi consists of 47 m1, 39 
m2, 26 m3, 22 M1, 32 M2 and 24 M3 (apart from the holotype) (Kuss and Storch 
1978). According to the diagnosis, a large percentage of the m1 bears a Mimomys 
ridge (60% in the type locality). Further, the molars have neither crown cement nor 
roots; the enamel is either evenly thick along the triangles or shows a slight Microtus- 
type differentiation; the slender and pointed triangles alternate, but the dentine fields 
remain confluent; on the m1 the anterior cap is elongated or rounded and the lingual 
re-entrant valleys are symmetrical and rounded (Kuss and Storch 1978:222). One 
m1 and one M3 of Kalymnomys have also been described from the locality 
Tourkobounia 2 (Fig. 35); even though the length of the m1 falls within the ranges 
of both K. major and K. haasi, the material has been assigned to the former species 
due to the presence of the Mimomys ridge (van der Meulen and Doukas 2001:265). 
K. major has also been reported from the localities Pyrgos and Kaiafas and K. cf. 
major from Lagkada by van der Meulen and van Kolfschoten (1986), with no details 
on the material.

Kislangia Kretzoi, 1954

Type Species Mimomys rex Kormos, 1934.

Other Taxa Included K. capettai (Michaux, 1971); K. regulus (Rabeder, 1981); 
K. praerex (Rabeder, 1981); K. clairi (Chaline, 1984); K. ischus (Esteban and 
Martinez Salonova, 1987); K. gusii Agustí, Galobart and Martín Suárez, 1993.
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Fig. 35 Kalymnomys 
major from Tourkobounia 
2. a m1, b M3. Drawings 
courtesy of C. Doukas. All 
specimens are left. Scale 
bar equals 1 mm

Distribution Late Pliocene–Early Pleistocene of Europe.

Remarks Three m1 of Kislangia sp. have been described from the Biharian fauna 
of Ravin Voulgarakis; they are rather robust, bearing two roots and cement, showing 
a Mimomys-type enamel-thickness differentiation, consisting of the anterior cap, 
five triangles and the posterior lobe, whereas an incipient T7 has started forming, 
bearing no enamel islet and a very small Mimomys ridge, with closed dentine fields 
on the posterior lobe and the T1–T3 and a very wide dentine field in the anteroconid 
complex (Koliadimou 1996). Kislangia sp. has also been reported from the 
Villafranchian fauna of Karnezeika (Kokotini et al. 2019).

Kislangia rex (Kormos, 1934)

Taxonomical History Considered a senior synonym of Kislangia ondatrina 
Kretzoi, 1954 and Kislangia kadici Kretzoi, 1954, according to Mayhew (2012).

Type Material Mandible with m1–m3, No. 3802/4 (holotype), Hungarian Natural 
History Museum (Kormos 1934: Fig. 49–upper).

Type Locality Kalkberg, Hungary, Lower Pleistocene [Villanyian (MN17)].

Distribution Late Pliocene–Early Pleistocene of Europe.

Occurrences in Greece Thoknia (Megalopolis).
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Remarks K. rex has extremely wide molars with abundant crown cement and rela-
tively thin enamel with a Mimomys-type differentiation. Van der Meulen and van 
Kolfschoten (1986) reported the presence of K. cf. rex in the fauna from Megalopolis 
(Thoknia). Benda et al. (1987) described (probably) the same material, consisting of 
four m1, nine m2, one m3, five M1, two M2 and eight M3 as Mimomys (Kislangia) 
rex. The dental features are abundant crown cement in the synclines, the dentine 
fields of the triangles and loops usually separated, high enamel-free areas, deep re- 
entrant angles, Mimomys ridge on two but barely present on the third m1 and 
absence of the Mimomys islet (Benda et al. 1987:132).

Pitymimomys Tesakov, 1998

Type Species Mimomys pitymyoides Jánossy and van der Meulen, 1975.

Other Taxa Included P. baschkiricus (Suchov, 1970); P. altenburgensis (Rabeder, 
1981); P. stranzendorfensis (Rabeder, 1981); P. stenokorys (Rabeder, 1981); P. jota 
(Rabeder, 1981); P. inceptor Tesakov, 2003; Р. koenigswaldi Erbajeva et al., 2006.

Distribution Late Pliocene–Early Pleistocene of Europe, Russia and Turkey.

Pitymimomys pitymyoides (Jánossy and van der Meulen, 1975)

Nomenclatural and Taxonomical History Mimomys pitymyoides in Jánossy and 
van der Meulen 1975 (new species); Pitymimomys pitymyoides in Tesakov 1998 
(new combination).

Type Material A nearly complete skull with the occipital region somewhat dam-
aged, with the left mandible of the same individual, both with complete dentition, 
inv. no. V 73.4 (holotype), Natural History Museum of Budapest (Jánossy and van 
der Meulen 1975: Pl. II.8–9).

Type Locality Osztramos 3, Hungary, Lower Pleistocene [late Villanyian (MN17)].

Distribution Early Pleistocene (late Villanyian) of Europe, Russia and Turkey.

Occurrences in Greece Kastoria 2.

Remarks According to the diagnosis by Jánossy and van der Meulen (1975), this 
is a small, advanced Mimomys species, with confluent T2 and T3 on the m1 and the 
M2. Additional features were given by Mayhew and Stuart (1986), based on mate-
rial from eastern England: uniform enamel thickness, sparse or absent crown 
cement, long and narrow anterior cap on the m1, with a Mimomys ridge and narrow 
pointed salient angles. The species has been reported from the Lower Pleistocene 
locality Kastoria 2 by van der Meulen and van Kolfschoten (1986; as Mimomys 
pitymyoides), without details on the available material.
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Microtus Schrank, 1798

Type Species Mus arvalis Pallas, 1778 (= Microtus terrestris Schrank, 1798).

Other Taxa Included The genus comprises today 61 species (Macdonald 2009) 
and eight subgenera, many of which have been reported from fossil and subfossil 
localities. Extinct species of Eurasia (in the subgenera Allophaiomys Kormos, 1933, 
Tibericola von Koenigswald, Fejfar and Tchernov, 1992, Terricola Fatio, 1867, 
Tyrrhenicola Forsyth Major, 1905, Stenocranius Katschenko, 1901, Pallasiinus 
Kretzoi, 1964, Microtus): M. (M.) nivaloides Forsyth Major, 1902; M. (Tyr.) henseli 
(Major, 1905); M. (S.) gregaloides (Hinton, 1923); M. (M.) arvalinus Hinton, 1923; 
M. (P.) ratticepoides (Hinton, 1923); M. (A.) pliocaenicus (Kormos, 1933); M. (Ter.) 
arvalidens (Kretzoi, 1958); M. (A.) deucalion (Kretzoi, 1969); M. (S.) hintoni 
(Kretzoi, 1941); M. (A.) ruffoi (Pasa, 1947); M. (Tib.) jordanica (Haas, 1966); 
M. (A.) nutiensis (Chaline, 1972); M. (A.) pitymyoides (Chaline, 1972); M. (A.) 
bourgondiae (Chaline, 1972); M. (A.) praehintoni (Rabeder, 1981); M. (A.) super-
pliocaenicus Rabeder, 1981; M. (Ter.) tarentinus Brunet-Lecomte, 1988; M. (Tib.) 
vandermeuleni (Agustí, 1991); M. (Ter.) grafi Brunet-Lecomte, Nadachowski and 
Chaline, 1992; M. (P.) protoeconomus Rekovets, 1994; M. (Ter.) atapuerquensis 
Gil, 1996; M. (A.) eoratticeps Paunovic and Rabeder, 1996; M. (A.) lavocati Laplana 
and Cuenca-Bescós, 2000; M. (A.) valerotensis Laplana et  al., 2000; M. (Tib.) 
sakaryaensis (Ünay et al., 2001); M. (Tib.) eleniae van der Meulen and Doukas, 
2001; M. (Tyr.) sondaari Marcolini et al., 2006.

Distribution Late Pliocene–present in Eurasia and N America.

Remarks Many extant species have been found in fossil and subfossil localities 
with Middle–Late Pleistocene ages. Microtus (Microtus) guentheri (Levant or 
Günther’s vole) has been found in the Middle Pleistocene locality Latomi 1, repre-
sented by 226 m1, 288 M3 and 39 more or less complete lower jaws with teeth 
(Storch 1975), and in the Upper Pleistocene locality Arnissa, represented by nine 
m1 (Mayhew 1978). The European common vole Microtus (Microtus) arvalis has 
been described from Latomi 1 (115 m1, 66 M3, five more or less complete toothed 
low jaws; Storch 1975), from Arnissa (102 m1; Mayhew 1978) and from the Upper 
Pleistocene Kitseli pothole (one low jaw with m1–m3, three M3; Tsoukala et al. 
2006), whereas 10 m1 and six M3 from the Middle Pleistocene locality Marathousa 
1 (Peloponnese) (Doukas et  al. 2018) and six fragmentary teeth from the Upper 
Pleistocene locality Dimitra 2 (Syrides and Koliadimou 1994) have been attributed 
to Microtus (Microtus) cf. arvalis. Microtus (Microtus) arvalis/agrestis has been 
described from the Upper Pleistocene localities Loutra Almopias Cave LAC (one 
partial mandible with m1–m2, one partial mandible with m1, 81 m1, one M2, one 
partial maxilla with M3 and 72 M3) and LAC Ia (11 partial mandibles with m1–m2, 
nine partial mandibles with m1 and 141 m1), as the molars of the two extant species 
cannot be easily separated based on morphology and size (Chatzopoulou 2014). 31 
m1 and 49 M3 from Loutra Almopias Cave LAC and 28 m1 and a partial lower jaw 
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with m1 from LAC Ia have been attributed to Microtus (Pitymys) cf. subterraneus 
(alpine pine vole) by Chatzopoulou (2014). One complete and one fragmentary M3 
from Kitseli pothole have been assigned to cf. Microtus (Pitymys) 
subterraneus/multiplex (Tsoukala et al. 2006).

Remains of Microtus sp. have been found in the MNQ20 faunas of Zeli 2 and 2A 
and B (van der Meulen and van Kolfschoten 1986), but no details on the material are 
known. Sickenberg (1971) assigned 20 molars from the Petralona Cave to Microtus 
sp.; they show dimensions and morphology close to those of the extant M. guentheri 
and M. hartingi and also of the extinct M. arvalinus, whereas a few small specimens 
in the collection could even belong to Pitymys (Sickenberg 1971:237). Kuss and 
Storch (1978) reported the presence of one complete m1, one fragmentary m1 and 
one complete M1 in Kalymnos-Xi and attributed the first to Allophaiomys sp. 1 and 
the other two to Allophaiomys sp. 2 (see below paragraph on Microtus (Tibericola) 
jordanica for allocation of the latter species), whereas van der Meulen and van 
Kolfschoten (1986) reported the presence of Microtus sp. in Kalymnos, without giv-
ing details on the material (probably they refer to the material from Kalymnos-Xi 
already published by Kuss and Storch). A small number of rootless molars with 
abundant cement (one partial m1, one m2, two m3, one M1, two M2, one M3) from 
Varkiza 1 has been reported as Microtus sp.; the m1 could belong to a species of 
Pitymys, whereas the M3 is too large to be a Microtus, but its morphology does not 
remind an Arvicola species (van de Weerd 1973:164). Mayhew (1978) described 
two partial mandibles, 14 m1 and seven M3 of Microtus (Pitymys) sp. from the 
Upper Pleistocene locality Arnissa: the T4 and T5 of the m1 and triangles 1 and 2 of 
the M3 are broadly confluent. The great morphological variability of the shape of 
the anteroconid complex of the m1 is, according to Mayhew, an indication that a 
second Pitymys species might be present. Finally, Mayhew (1978) assigned a large 
M3 from Arnissa to Microtus sp.; the molar has the size of Arvicola but has broadly 
confluent first and second triangles, which is a characteristic of Pitymys. Mayhew 
suggested that this molar belongs to the same species with the large M3 described 
from Varkiza 1 by van de Weerd (Mayhew 1978:315).

Microtus (Allophaiomys) pliocaenicus (Kormos, 1933)

Nomenclatural and Taxonomical History Allophaiomys pliocaenicus in Kormos 
1933 (new species); Microtus (Allophaiomys) pliocaenicus in Chaline 1966 (new 
combination). Considered a senior synonym of A. laguroides Kormos, 1933, accord-
ing to Ch. IV.4.6 (van der Meulen 1973:97).

Type Material Left m1, V. 61. 1491 (holotype), Hungarian Natural History 
Museum, Budapest (van der Meulen 1973: Pl. VIII.19).

Type Locality Betfia 2, Romania, Lower Pleistocene.

Distribution Early Pleistocene of Eurasia and N America.

Occurrences in Greece Marathoussa.
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Remarks A. pliocaenicus is characterized by a simple and short anteroconid com-
plex in the ml, showing no tendency to subdivide; the three parameters defined by 
van der Meulen (1973:56–57) have the following values: M–A/L<44.5 (length of 
AC/maximum length of occlusal surface), M–B/W≥23.0 (shortest distance between 
BRA3 and LRA4/width of posterior part of AC) and M–C/W≥20.0 (shortest dis-
tance between BRA3 and LRA3/width of posterior part of AC) (van der Meulen 
1973:97). A collection of 37 m1, 19 m2, 23 m3, 24 M1, 28 M2 and 29 M3 from the 
Biharian fauna of Marathoussa (N Greece) has been assigned to M. (A.) pliocaeni-
cus (Koufos et al. 2001:71–78): 90% of the m1 AC2 belong to the “arvicolid–hinto-
nid” type as defined by van der Meulen (1973:54), the mean A/L ratio is 43.6 and 
91% of the M3 belong to the simplex–Group as defined by Rabeder (1981:201–204).

Microtus (Allophaiomys) pitymyoides (Chaline, 1972)

Type Material Right m1, B. 2545 (holotype) (Chaline 1972: Fig. 30.11).

Type Locality Bourgade (Hérault), France, Lower Pleistocene [Biharian].

Distribution Early Pleistocene of France, Slovakia and Greece.

Occurrences in Greece Ravin Voulgarakis.

Remarks According to the diagnosis given by Chaline (1972:101), the m1 pres-
ents the morphotype “pliocaenicus”, associated with “pre–hintoni”, “hintoni” (iso-
lated AC, well-developed T4, incipient T7), “pitymyo–gregaloid” (isolated AC, 
developed T7), “microto–gregaloid”, “arvaloid” and “pitymyo–arvalidens” (as fig-
ured by Chaline 1972:fig. 30); the length of the m1 ranges between 2.27 and 2.98, 
its mean value being 2.629; the height/length ratio ranges between 0.92 and 1.4; and 
its mean value is 1.07. Koliadimou (1996) identified a large collection of 43 m1, one 
partial low jaw with m1, 39 m2, 12 m3, 38 M1, 31 M2 and 34 M3 from Ravin 
Voulgarakis as M. (Allophaiomys) pitymyoides, based on the similarities with the 
material from the type locality.

Microtus (Allophaiomys) ruffoi (Pasa, 1947)

Type Material One adult palate with M2-M3 is figured in Pasa 1947 (Fig. 10.1) as 
well as several isolated teeth that represent the type material (Pasa 1947: Fig. 10.2-8) 
but without designation of a holotype.

Type Locality Soave Cava Sud, Italy, Lower Pleistocene.

Distribution Early Pleistocene of Spain, Italy and Greece.

Occurrences in Greece Kaiafas.
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Remarks This species has a large AC2 and deep LRA4 and BRA3 (van der Meulen 
and Zagwijn 1974). Van der Meulen and van Kolfschoten (1986) have reported the 
presence of M. cf. ruffoi in the faunal list of the Lower Pleistocene locality Kaiafas, 
but details on the material are unknown.

Microtus (Tibericola) jordanica (Haas, 1966)

Nomenclatural and Taxonomical History Arvicola (?) jordanica in Haas 1966 
(new species); Tyrrhenicola jordanica in Kretzoi 1969 (new combination); ? 
Chionomys jordanica in Nadachowski 1991 (new combination); Microtus 
(Tibericola) jordanica in von Koenigswald et al. 1992 (new combination).

Type Material Partial right mandible with m1 and m2 (holotype) (Haas 1966: 
Pl. XIV.1).

Type Locality Ubeidiya, Israel, Lower Pleistocene.

Distribution Early Pleistocene of Israel, Turkey and Greece.

Occurrences in Greece Kalymnos-Xi.

Remarks M. (Tib.) jordanica has large and rootless molars with abundant cement 
in the synclines; the length of the m1 ranges between 2.88 and 4.12 mm., with a 
mean value of 3.51 mm.; the m1 consists of the posterior lobe, five triangles and the 
anterior cap; the T1–T4 are isolated whereas the T5 is confluent with the AC; the 
posterior lobe is tilted towards the labial side of the molar (von Koenigswald et al. 
1992:3, 5). The large Microtus (Allophaiomys) sp. 2 reported from Kalymnos-Xi, 
with one fragmented m1 and one complete M1 (Kuss and Storch 1978:224), was 
compared with Microtus (Tibericola) jordanica from Ubeidiya (Israel) by von 
Koenigswald et al. (1992:13) and was found to belong to this species.

★Microtus (Tibericola) eleniae van der Meulen and Doukas, 2001

Type Material Left m1, TB2 709 (holotype) (van der Meulen and Doukas 2001: 
Fig. 1, 2).

Type Locality Tourkobounia 2, Greece, Lower Pleistocene [Biharian].

Distribution Early Pleistocene of Greece (only in type locality).

Remarks According to the species diagnosis, the molars (Fig. 36) have small size 
(mean length of m1= 2.9 mm.), the AC is of “hintonid” morphotype, the T4 and T5 
are confluent on the m1 and the T2 and T3 are usually confluent on the M3 (van der 
Meulen and Doukas 2001:266). The enamel thickness is slightly differentiated; the 
enamel is reduced in the inner tips of the re-entrant angles; the crown cement in the 
re-entrant angles is abundant. 25 of 40 m1 show “hintonid” (broadly confluent T4–
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T5 and a more or less separated AC), five of 40 m1 show the “nivaloid”, seven 
“hintonid–nivaloid”, two “arvicolid–hintonid” and one “ratticepoid” type; the PC of 
the M3 is elongated and shows no buccal salient angle, the T2 and T3 are broadly 
confluent in five, slightly confluent in four and separated in three of 12 M3 (van der 
Meulen and Doukas 2001:266–267).

Microtus (Terricola) arvalidens (Kretzoi, 1958)

Nomenclatural and Taxonomical History Microtus (Pitymys) arvalidens in 
Kretzoi 1958 (new species); Microtus (Terricola) arvalidens in Rekovets 1994 (new 
combination). Considered a senior synonym of Pitymys arvaloides Hinton, 1923, 
according to Kretzoi (1958).

Type Material A right m1, M.6987d (holotype) Natural History Museum of 
London (Forsyth Major 1902:106, Fig. 28; Hinton 1923)

Type Locality West Runton Norfolk, Middle Pleistocene.

Distribution Early–Middle Pleistocene of Europe and Turkey.

Occurrences in Greece Volos.

Remarks The anterior cap of the m1 is mostly rounded; the T1–T3 are separated, 
the T4–T5 form one broad dentine field separated anteriorly and posteriorly, the T6 

Fig. 36 Microtus (Tibericola) eleniae from Tourkobounia 2 (type locality). a–c m1, b (holotype). 
Drawings courtesy of C. Doukas. All specimens are left. Scale bar equals 1 mm
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and T7 are almost opposite each other and are broadly confluent with the AC, less 
confluent (usual case), or almost separated from the AC; the M3 shows a well- 
developed T5 and an incipient LRA5 (Rekovets and Nadachowski 1995). M. (Ter.) 
arvalidens is reported in the faunal list of the Biharian fauna of Volos [as Microtus 
(Pitymys) arvalidens; van der Meulen and van Kolfschoten 1986], without details.

Chionomys Miller, 1908

Type Species Arvicola nivalis Martins, 1842 (extant).

Other Taxa Included Extant: C. gud (Satunin, 1909); C. roberti (Thomas, 1906).

Distribution Middle Pleistocene–present of S and E Europe and SW Asia.

Remarks The oldest fossils that can be with certainty assigned to the European 
snow vole C. nivalis have been found in the Middle Pleistocene locality Latomi 1 
(Chios Island) and described by Storch (1975). The material includes one partial 
skull with teeth, 17 partial low jaws with teeth, 49 isolated m1 and 30 isolated M3; 
it shows the typical features of the extant species, but the molars are larger than 
those of recent molars from west Anatolia (Storch 1975:182). Mayhew (1978) 
attributed 169 m1 from the Upper Pleistocene locality Arnissa to C. nivalis. The 
majority of the molars (80%) consist of the PL, five triangles and a triangular AC 
closing at the posterior part due to the two opposing synclines LRA4 and BRA 3; 
the M3 attributed to the species (unknown number) have a simple morphology, with 
two lingual and two buccal re-entrant angles (Mayhew 1978:315–316).

C. nivalis has also been described from the Upper Pleistocene localities Loutra 
Almopias Cave LAC (182 m1, one partial mandible with m1 and 142 M3) and LAC 
Ia (two partial mandibles with m1–3, 12 partial mandibles with m1–2, nine partial 
mandibles with m1 and 176 m1): the robust molars have thick enamel and no roots; 
the majority of the m1 (82% from LAC and 90% from LAC Ia) show equally devel-
oped T6 and T7, broadly confluent with the AC, thus giving a triangular-pointed 
shape to the ACC; the M3 show three lingual and three buccal re-entrant angles with 
cement (Chatzopoulou 2014). Tsoukala et  al. (2006:279) assigned one M3 from 
Kitseli Pothole to C. cf. nivalis: there are no roots, the enamel is thick, the two lin-
gual and two buccal synclines are filled with cement and the PC is confluent with 
the T4 and T5 as the BRA3 and LRA4 are very shallow, whereas the T2–T3–T4 are 
less confluent among them.

Dinaromys Kretzoi, 1955

Type Species Microtus (Chionomys) bogdanovi Martino, 1921 (extant).

Other Taxa Included (extinct) D. dalmatinus (Kormos, 1931); D. topachevskii 
Nesin and Skorik, 1989; D. allegranzii Sala, 1996.
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Distribution Pleistocene–present in Carpathians, Balkans, Ukraine and 
Uzbekistan.

Remarks One complete and one partial m1, as well as one M3 from Varkiza 1, 
have been assigned to D. cf. bogdanovi by van de Weerd (1973). The molars are 
two-rooted, with Mimomys-type enamel-thickness differentiation and some cement. 
The uncertain determination is due to the absence on the M3 of a small buccal fold, 
present on the M3 of the extant Balkan snow vole D. bogdanovi (van de Weerd 
1973:163).

Arvicola Lacépède, 1799

Type Species Mus terrestris Linnaeus, 1758 (extant) (including Mus amphibius 
Linnaeus, 1758, according to Macdonald 2009).

Other Taxa Included Extant: A. sapidus Miller, 1908. Extinct: A. mosbachensis 
(Schmidtgen, 1911); A kalmankensis Zazhigin, 1980; A. jacobaeus Cuenca-Bescós 
et al., 2010.

Distribution Middle Pleistocene–present in Eurasia.

Remarks Several middle–early Late Pleistocene Arvicola species have been occa-
sionally described, mainly from C and W Europe. All these species were later 
included in A. cantianus (Hinton, 1910) (Mayhew 1978; von Koenigswald and van 
Kolfschoten 1996; Santel and von Koenigswald 1998; Maul et al. 2000). It is com-
mon, thus, that any middle–early Late Pleistocene Arvicola with Mimomys-type 
enamel-thickness differentiation and no roots is assigned to A. cantianus (e.g., 
Escudé et al. 2008). Maul et al. (2000:136) suggested that the name A. cantianus 
should be used only for the type material, as it consists only of two partial m1, one 
M1 and one M2, and all other Arvicola with negative enamel-thickness differentia-
tion should be referred to A. mosbachensis. More recently, Marcolini et  al. 
(2011:481) considered A. cantianus a nomen dubium, suggesting that this name 
should not be used in taxonomy.

Mayhew (1978:324) described five m1, one M1 and four M3 from the Upper 
Pleistocene locality Arnissa as A. cantiana/terrestris, following the suggestion of 
von Koenigswald (1973:164, Fig. 2) for the Arvicola assemblages that show neither 
Mimomys (like in A. cantianus) nor Microtus (like in A. terrestris) type of enamel- 
thickness differentiation, but undifferentiated enamel along the prisms. Many 
authors have followed this suggestion and have assigned middle–early Late 
Pleistocene Arvicola to A. cantiana/terrestris or A. cantianus/terrestris (e.g., van 
Kolfschoten 1985; von Koenigswald and van Kolfschoten 1996; Desclaux et  al. 
2000; Marquet and Séronie-Vivien 2016), mainly in W Europe, whereas in E Europe 
other Arvicola species have been proposed to represent this transitional form: 
A. chosaricus Alexandrova 1976 and A. hunasensis Carls 1986 (Carls et al. 1988; 
Kalthoff et al. 2007). Here we retain the initial assignment of the Arnissa material 

The Fossil Record of Rodents (Mammalia: Rodentia) in Greece



566

to A. cantiana/terrestris, as the taxonomical problem with these species has not 
been solved yet.

The extant European water vole (or northern water vole) A. terrestris has been 
described from the Upper Pleistocene localities Loutra Almopias Cave LAC and 
LAC Ia, represented by one partial mandible with m1, 10 m1, four m2, four m3, 
eight M1, three M2 and seven M3 from the former and two partial mandibles with 
m1, 48 m1, six m2, 13 m3, 26 M1, 14 M2 and 22 M3 from the latter locality 
(Chatzopoulou 2014). One fragmentary m1, one M1 and one M3 from the locality 
Dimitra 2 have been attributed to A. cf. terrestris (Syrides and Koliadimou 1994).

Arvicola mosbachensis (Schmidtgen, 1911)

Nomenclatural and Taxonomical History Microtus mosbachensis in Schmidtgen 
1911 (new species); Arvicola mosbachensis in Heller 1933 (new combination).

Type Material Left mandible with m1–m2, SMF 74/4835 (holotype), Senckenberg 
Research Institute and Natural History Museum Frankfurt am Main (Maul et  al. 
2000: Pl. 1.1).

Type Locality Mosbach 2, Germany, Middle Pleistocene (Cromer lntergl. 
III or IV).

Distribution Middle–early Late Pleistocene of Eurasia.

Occurrences in Greece Marathousa 1 (Peloponnese) and Latomi 1

Remarks Maul et al. (2000) studied a large number of molars from the type local-
ity (102 m1 and 23 M3): molars are smaller than those of the extant A. terrestris, 
high-crowned and bear cement, 2% of the m1 and 10% of the M3 show incipient 
roots, 27% of the m1 bear a Mimomys fold and the mean SDQ is 133.34 (range 
117.6–159.27); the M3 bears three anticlines and two synclines on each side, and 
usually the T3 and T4 are more confluent than in A. terrestris. The Middle Pleistocene 
locality Marathousa 1 (Peloponnese) has yielded 47 m1, 35 M3, one mandible with 
m1–m3, nine toothless mandible fragments and a small number of other molars 
with no diagnostic features attributed to A. mosbachensis by Doukas et al. (2018); 
the m1 show a negative enamel-thickness differentiation (mean SDQ=122, range 
102–149), and the anterior cap of the m1 consists of the opposite confluent T4 and 
T5 and a mostly rounded and less often angular AC2, whereas the AL1 of the M3 is 
elongated and shows concave sides with thin enamel, the T2 is closed, the T3 and 
T4 are mostly confluent and the PC is relatively rounded. Storch (1975) identified 
nine m1 and 11 M3 from the locality Latomi 1  in Chios Island as Arvicola 
 praeceptor; the teeth show negative enamel-thickness differentiation, typical for 
early Arvicola species, and are larger than those of A. mosbachensis (Storch 
1975:180, 182). We here include the Chios material to A. mosbachensis, following 
the above- mentioned literature, without, however, having seen the material.
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 Family Eomyidae Depéret and Douxami, 1902

Type Genus Eomys Schlosser, 1884.

Remarks The Turolian fauna of Kalithies (Rhodes Island) has yielded one M2 
with a very simple morphology, bearing the two main lophs and a short mesoloph, 
which has been assigned to Eomyidae indet. (de Bruijn 1976).

 Subfamily Eomyinae Winge, 1887

Type Genus Eomys Schlosser, 1884.

Pseudotheridomys Schlosser, 1925–1926

Type Species Theridomys? parvulus Schlosser, 1884.

Other Taxa Included Eurasian species: P. schaubi Lavocat, 1951; P. pusillus 
Fahlbusch, 1969; P. lacombai Álvarez-Sierra, 1987; P. fejfari Álvarez-Sierra and 
Daams, 1987; P. bernensis Engesser, 1990; P. rolfoi Engesser, 1990; P. asiaticus 
Wang and Emry, 1991; P. yanshini Lopatin, 2000. North American species: P. hes-
perus Wilson, 1960; P. pagei Shotwell, 1967; P. cuyamensis Lindsay, 1974.

Distribution Late Oligocene–middle Miocene of Eurasia and N America.

Pseudotheridomys parvulus (Schlosser, 1884)

Nomenclatural and Taxonomical History Theridomys? parvulus in Schlosser 
1884 (new species); Pseudotheridomys parvulus in Schlosser 1925–1926 (new 
combination). Senior synonym of P. bouziguensis Escarguel and Aguilar, 1997, 
according to Marković et al. (2016).

Type Material Left mandibular fragment embedded in the original sediment, with 
its lingual side exposed, very severely fractured, with strongly worn p4–m1 (m2–3 
are no longer present), Slg. München 1881 IX 79 (Schlosser 1925–1926: Pl. 11.7 
and Fahlbusch 1968:Pl. 14.1). Schlosser did not assign a holotype for his species; 
Stehlin and Schaub (1951:357) referred to the mandible figured by Schlosser (1884) 
in Plate 3, figures 26 and 37 as a holotype; Fahlbusch (1968) clarified that the speci-
men can only be a lectotype.

Type Locality Haslach, Germany, Lower Miocene [MN2].

Distribution Early Miocene of Europe and Turkey.

Occurrences in Greece Aliveri and Karydia.
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Remarks The molars of P. parvulus are characterized by the presence of five, more 
or less parallel and equal in length, smooth and continuous ridges; this feature char-
acterizes the morphotype A suggested by Fahlbusch (1983:215). His morphotype B 
is characterized by the absence of a mesoloph/-id (character of the genus Ligerimys). 
As discussed by Marković et al. (2016), in large assemblages of P. parvulus, there 
are random specimens that show four ridges and can be considered to be within the 
morphological variation of P. parvulus. Rarely, a short additional ridge is present 
between the meta- and mesolophid on the lower molars (Engesser 1999). The Lower 
Miocene locality Aliveri has yielded a very rich collection of 681 P. parvulus iso-
lated cheek teeth (Álvarez–Sierra et al. 1987). The authors compared the Aliveri 
material with P. parvulus from Bouzigues (France), Alcocer 3B (Spain) and 
Jungingen (Germany) and found it to be of the same size, whereas they noticed 
some minor differences: the Aliveri assemblage has slightly less reduced anterolo-
phid on the p4 and ml–2 than the Bouzigues assemblage, slightly less reduced 
mesoloph and anterolophid than the Alcocer 3B assemblage and a slightly wider P4 
than the Jungingen assemblage. All Aliveri molars show five ridges on their occlusal 
surface (morphotype A). Theocharopoulos (2000) and later Doukas (2003) reported 
the presence of Ligerimys sp. in the Lower Miocene locality Karydia. However, 
Duncan (2012), in the frames of her Master thesis, studied the Karydia material 
thoroughly and assigned it to P. aff. parvulus. She gave more morphological charac-
teristics for the two morphotypes of Fahlbusch and mentioned that 93% of the 
Karydia specimens belong to morphotype A and 7% to morphotype B (Duncan 
2012:30). The presence of this small percentage, as well as the larger size of the 
cheek teeth from Karydia in comparison with those from Aliveri, led Duncan to her 
uncertain assignment to the species. These features, according to Fahlbusch (1983), 
can be observed in assemblages at the early stage of the Pseudotheridomys to 
Ligerimys transition. Based only on this, Karydia can be considered younger that 
Aliveri (Duncan 2012:44).

Eomyops Engesser, 1979

Type Species Eomys catalaunicus Hartenberger, 1966.

Other Taxa Included E. bodvanus (Jánossy, 1972); E. oppligeri Engesser, 1990; 
E. hebeiseni Kälin, 1997; E. noeliae Ruiz-Sanchez et al., 2009.

Distribution Middle Miocene (MN5)–Early Pleistocene (MNQ 17) of Europe.

Remarks De Bruijn (1976) assigned one unerupted p4 from Biodrak to 
Leptodontomys sp., noticing the “unusual lophodont dental pattern for a 
Leptodontomys” and mentioning the resemblance of this specimen with specimens 
of L. cf. catalaunicus from Anwil (de Bruijn 1976:380). After his publication, 
Engesser (1979) created the genus Eomyops to include all the European species of 
Leptodontomys, which he considered a N American genus. Since then, there are 
both views in the available literature (see the historical review of Kälin 1997:629 
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and the remarks in de Bruijn et al. 2012:69–70 for details), with authors assigning 
European species to Leptodontomys (e.g., de Bruijn 1995, de Bruijn et al. 1999) and 
others who assign them to Eomyops (e.g., Engesser 1999, Daxner-Höck 2005). Here 
we follow the view of Engesser (1999) and assign them to Eomyops. The premolar 
from Biodrak is here therefore assigned to Eomyops sp.

Eomyops catalaunicus (Hartenberger, 1966)

Nomenclatural and Taxonomical History Eomys catalaunicus in Hartenberger 
1966 (new species); Leptodontomys catalaunicus in Hugueney and Mein 1968 (new 
combination); Eomyops catalaunicus in Engesser 1979 (new combination).

Type Material Left M1/2, CL 301 (holotype), Museum of Sabadell (Hartenberger 
1966: Fig. 4a).

Type Locality Can Llobateres, Spain, Upper Miocene [Vallesian (MN9)].

Distribution Middle Miocene–early Pliocene of Europe and Turkey.

Occurrences in Greece Plakias, Lava 2 and Maramena.

Remarks The cheek teeth of E. catalaunicus do not differ much in morphology 
from the other Eomyops species, but they are somewhat larger than those of E. opp-
ligeri and smaller than those of E. hebeiseni and E. bodvanus (Daxner-Höck 2005). 
Hartenberger (1966) described them as small and bunodont, with a lingual antero-
loph on the M1–2. Ruiz-Sánchez et  al. (2009) reported that their new species 
(E. noeliae) shows two parallel ridges on the enamel along the lower incisors, “like 
the type species of the genus, E. catalaunicus”, and that this character should be used 
to distinguish between the European Eomyops and the N American Leptodontomys 
(which had also been the view of Engesser 1979). De Bruijn et al. (2012) do not 
agree with this view, as most assemblages include no incisor or include incisors that 
cannot be clearly associated with the eomyid. The locality Plakias has revealed 
eight p4, 18 m1/2, four m3, seven P4, 12 M1/2 and one M3 assigned to E. aff. cata-
launicus by de Bruijn et al. (2012). Even though the size and morphology of the 
teeth are very similar to those of the species, the authors assign the material only 
with reservation to E. catalaunicus because there are no incisors with ridges associ-
ated with the eomyid material. De Bruijn et al. (1999) have listed Eomyops cf. cata-
launicus (as Leptodontomys cf. catalaunicus) for the locality Lava 2, without details 
of the material. The only material from Greece assigned to E. catalaunicus with 
certainty comes from the locality Maramena, where one M1 and one M2 have been 
found, which show a “striking similarity” with the molars from the type locality of 
the species (de Bruijn 1995: 98).

Keramidomys Hartenberger, 1966

Type Species Keramidomys pertesunatoi Hartenberger, 1966.
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Other Taxa Included K. carpathicus (Schaub and Zapfe, 1953); K. thaleri 
Hugueney and Mein, 1968; K. mohleri Engesser, 1972; K. anwilensis Engesser, 
1992; K. reductus Bolliger, 1992; K. fahlbuschi Qiu, 1996; K. ermannorum Daxner- 
Höck and Höck, 2009. [K. thaleri is considered by several authors as a junior syn-
onym of K. carpathicus (e.g., Fahlbusch 1975, Bolliger 1992, de Bruijn 1995), as it 
is difficult to assign small assemblages in one of the two species. Other authors 
retain K. thaleri as a distinct species (e.g., Engesser 1999, Prieto 2010).]

Distribution Middle Miocene–early Pliocene (MN5–15) of Eurasia.

Remarks Van der Meulen and van Kolfschoten (1986) reported the presence of 
Keramidomys sp. in Kastoria 1, without giving information on the material.

Keramidomys carpathicus (Schaub and Zapfe, 1953)

Nomenclatural and Taxonomical History Pseudotheridomys carpathicus in 
Schaub and Zapfe 1953 (new species); Keramidomys carpathicus in Hugueney and 
Mein 1968 (new combination). Considered as the senior synonym of K. octaviae 
Baudelot 1972 by de Bruijn (1995).

Type Material Partial left maxilla with P4–M1(holotype) (Schaub and Zapfe 
1953: Fig. 1).

Type Locality Neudorf, Slovakia, middle Miocene [MN6].

Distribution Middle Miocene (MN5)–early Pliocene (MN14) of Europe 
and Turkey.

Occurrences in Greece Maritsa 1, Monasteri and Maramena.

Remarks Since the genus seems to have undergone little morphological changes 
during its long existence, the differences among the Keramidomys species are rather 
subtle, with all of them showing a lophodont tooth pattern with the cusps entirely 
incorporated in the ridges (Engesser 1999). K. carpathicus shows a more distinct 
reduction of the third molars, in comparison with other species. According to de 
Bruijn (1995), there is a large variation in the cheek tooth morphology within large 
assemblages, and thus small assemblages of Keramidomys cannot be clearly 
assigned to a species. A small collection of cheek teeth (one d4, two p4, two m3, one 
D4, three P4, six M1/2 and one M3) from the locality Maritsa 1 has been assigned 
to K. carpathicus by de Bruijn et al. (1970). The authors found no morphological 
difference between the Maritsa 1 material and that from the type locality; however 
the elements differ in size, but the authors mention that this could be due to differ-
ences in the method of measuring the teeth (de Bruijn et al. 1970:569). K. cf. car-
pathicus and K. aff. carpathicus had been listed for the localities Monasteri and 
Maramena, respectively, by de Bruijn (1989). The material from Maramena was 
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later thoroughly studied by de Bruijn (1995) and assigned to K. cf. carpathicus. It 
consists of three d4, six p4, 11 m1/2, three m3, two D4, four P4, 11 M1/2 and two 
M3. There is a large metrical and morphological variation within the sample. 
Overall, the Maramena molars are close in size to those from the species type local-
ity, but the premolars are larger (de Bruijn 1995). Some characters of the Maramena 
cheek teeth seem to be “more primitive” than those of the Neudorf ones (e.g., anter-
oloph and protoloph of P4 not completely fused, longitudinal ridge of M1–2 not 
interrupted in about half of the specimens), and others seem to be “more derived” 
(e.g., reduced mesoloph/-id and reduced dental pattern on the third molars). The 
author concluded that there is no clear trend within the genus (de Bruijn 1995:100). 
Later, Daxner-Höck and Höck (2009) established a new Keramidomys species, 
K. ermannorum, based on material from the early Vallesian fauna of Richardhof–
Golfplatz in Austria and included in it material from other Austrian Vallesian–
Turolian faunas, as well as that from Maramena. Their species shows a combination 
of the morphological characteristics of K. thaleri, K. carpathicus and K. mohleri, 
but differs from them in its trend to develop lophodonty, its deeper sinus/-id, its 
plane occlusal surface, the presence of labial and lingual connections of the lophs/-
ids, respectively and its wider lower molars, whereas its cheek teeth are in size 
intermediate between the larger ones of K. mohleri and the smaller ones of K. thal-
eri and K. carpathicus (Daxner-Höck and Höck 2009:386). The authors noticed the 
wide variability of dental characters within the assemblages, but also morphological 
and metrical trends, such as an increase in size and degree of lophodonty, enlarge-
ment and deepening of the sinus/-id and flattening of the occlusal surface (Daxner- 
Höck and Höck 2009:388). Since the Maramena material has not been studied for 
the purposes of the present report, we here retain the initial assignment by de 
Bruijn (1995).

 Family Ctenodactylidae Zittel, 1893

 Subfamily Ctenodactylinae Alston, 1876

Type Genus Ctenodactylus Gray, 1830.

Sayimys Wood, 1937

Type Species Sayimys perplexus Wood, 1937.

Other Taxa Included S. sivalensis (Hinton, 1933); S. obliquidens Bohlin, 1946; 
S. intermedius (Şen and Thomas, 1979); S. badauni Vasishat, 1985; S. chinjiensis 
Baskin, 1996; S. baskini López-Antoñanzas and Şen, 2003; S. assarrarensis López- 
Antoñanzas and Şen, 2004; S. giganteus López-Antoñanzas, Şen and Saraç, 2004; 
Sayimys n.sp. was described from Libya by Wessels et al. (2003), but the species has 
not been officially named yet.
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Distribution Early Miocene–Pliocene of N Africa, Asia and Greece.

Remarks The Lower Miocene locality Antonios has yielded one d4 and one m1/2, 
both fragmented, assigned to Sayimys sp.: the two teeth show morphological and 
metrical similarities with both S. intermedius and S. sivalensis, including the 
absence of a metalophulid II from the d4; however, the absence of the anterior part 
of both teeth and the failure to study the taxonomically important anteroconid area 
do not allow a specific attribution (Vasileiadou and Koufos 2005).

Sayimys intermedius (Şen and Thomas, 1979)

Nomenclatural and Taxonomical History Metasayimys intermedius in Şen and 
Thomas 1979 (new species); Sayimys intermedius in de Bruijn et  al. 1989 (new 
combination). Considered a senior synonym of S. minor de Bruijn et  al., 1981, 
according to López–Antoñanzas and Şen (2004).

Type Material Left mandible with d4–m2, AJ 545 (holotype) (Şen and Thomas 
1979: fig. 1A–B).

Type Locality Al Jadidah, Saudi Arabia, middle Miocene.

Distribution Early–middle Miocene of Saudi Arabia, Pakistan, Greece and possi-
bly Turkey [S. cf. intermedius in Paşalar (Peláez–Campomanes and Daams 2002)].

Occurrences in Greece Thymiana A and C (Chios Island).

Remarks Şen and Thomas (1979) gave the following diagnostic features for their 
species: the masseteric crest of the mandible is strong; a groove runs all along the 
anterior enamel of the incisor; the dp4 bears a small anterior cuspid attached to the 
protoconid–metaconid loph; on the lower molars the talonid is as wide as the trigo-
nid; the synclines and cusps are arranged transversally and not obliquely as in 
S. obliquidens; there is no cement and no pseudomesolophid on the m2. Some addi-
tional features of the species were reported by de Bruijn et al. (1989): absence of a 
metalophulid II from the d4; d4 anteroconid more often isolated; the mean length of 
the m3 is smaller than that of the m1/2. A rather rich collection of ctenodactylid 
isolated dental elements (seven d4, two p4, 12 m1–3, three D3, four D4, eight M1–2 
and one M3) with similar features has been recovered from two horizons (A and C) 
of the middle Miocene locality Thymiana (Chios Island).

The material has been assigned to S. intermedius by López–Antoñanzas et al. 
(2005), but more recently Hartman et al. (2019) referred it to as Sayimys aff. gigan-
teus due mainly to its larger d4 and long m3.

K. Vasileiadou and I. Sylvestrou



573

 Family Hystricidae Burnett, 1830

Type Genus Hystrix Linnaeus, 1758.

Remarks The presence of Hystricidae indet. in the Pliocene locality Tourkobounia 
1 has been reported by Reumer and Doukas (1985) without details on the material.

Hystrix Linnaeus, 1758

Type Species Hystrix cristata Linnaeus, 1758 (extant).

Other Taxa Included (extant) H. brachyura Linnaeus, 1758; H. indica Kerr, 1792; 
H. javanica (F.  Cuvier, 1823); H. africaeaustralis Peters, 1852; H. crassispinis 
(Günther, 1877); H. pumila (Günther, 1879); H sumatrae (Lyon, 1907); (extinct) 
H. primigenia (Wagner, 1848); H. refossa Gervais, 1852; H. sivalensis Lydekker, 
1878; H. lagrelii Lönnberg, 1924; H. kiangsenensis Wang, 1931; H. parvae (Kretzoi, 
1951); H. makapanensis Greenwood, 1958; H. trofimovi Shevireva, 1986; H. leak-
eyi Denys, 1987; H. aryanensis Şen, 2001; H. depereti Şen, 2001; H. gansuensis 
Wang and Qiu, 2002; H. lufengensis Wang and Qiu, 2005; H. paukensis Nishioka 
et  al., 2011. According to van Weers (1994), H. hirsutirostris Brandt, 1835 = 
H. indica; according to van Weers (2005), H. vinogradovi Argyropulo, 1941 = 
H. brachyura, H. vanbreei van Weers, 1994 = H. lagrelli.

Distribution Late Miocene–present in Eurasia and Africa. Most of the extant spe-
cies are also found in Pliocene and Pleistocene fossil localities.

Remarks van der Meulen and van Kolfschoten (1986) listed Hystrix sp. in the 
Pliocene locality Damatria. Furthermore, one m1 of Hystrix sp. has been found in 
the Middle Pleistocene layers of the Petralona cave (Sickenberg 1971). Athanassiou 
(2018) has included cf. Hystrix in the faunal list of the Lower Pleistocene locality 
Sesklon; this report is based on the presence of a fragmentary lower jaw (Athanassiou, 
personal communication). Symeonidis (1992) had already reported the presence of 
a large rodent lower incisor in Sesklon, which he attributed to Castor sp. (see above 
paragraph). Since the incisors of Castor and Hystrix differ neither in size nor in 
morphology, and the overall fauna from Sesklon does not support the presence of a 
local water body, it is thought that Symeonidis’ identification was erroneous and the 
incisor also belongs to Hystrix (Athanassiou, personal communication).

★Hystrix primigenia (Wagner, 1848)

Nomenclatural and Taxonomical History Lamprodon primigenius in Wagner 
1848 (new species); Hystrix primigenia in Gaudry and Lartet 1856 (new combina-
tion). Considered the senior synonym of Castor atticus Roth and Wagner, 1854, 
according to Gaudry and Lartet (1856); of H. bessarabica Rjabinin, 1918, accord-
ing to Sulimski (1960); and of H. trofimovi Shevyreva, 1986 according to van 
Weers (1994).
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Type Material A lower left incisor (holotype) (Wagner 1848: Tab. 4.7–8).

Type Locality Pikermi, Greece, Upper Miocene [Turolian (MN12)].

Distribution Late Miocene (early–middle Turolian)–Pliocene (late Ruscinian) of 
Eurasia.

Occurrences in Greece Samos S3, Chomateri, Pikermi, Halmyropotamos, 
Alifakas and Dytiko 3.

Remarks The species Lamprodon primigenius (Wagner 1848) was based on one 
lower left incisor from Pikermi. The locality later yielded two isolated molars for 
which the species Castor atticus was created by Roth and Wagner (1854). The name 
Hystrix primigenia was established by Gaudry and Lartet (1856) to include the 
material previously reported. Wagner (1857), recognizing the validity of H. primi-
genia, added to the already known material one skull from Pikermi. Gaudry 
(1862–1867) described two additional cranial remains with dentition from the type 
locality. More recently, one mandible and one isolated tooth of the species from the 
locality Pikermi (Chomateri) have been figured, but without details on the material 
(Bachmayer et al. 1982).

There is no original diagnosis of the species. Some characters of the species were 
later given by several authors. The cheek teeth are very similar to those of other spe-
cies, such as H. parvae and H. depereti; the features that can better distinguish this 
species are the size and the degree of hypsodonty of the cheek teeth, the depth of the 
hypoflexus/id on the molars and the development of the third molars (Şen 2001). 
H. primigenia is on average larger than H. parvae and smaller than H. depereti, the 
teeth are rather low-crowned, the hypoflexus/id are as deep as the half of the crown 
height and the posterior part of the third molar is well developed, giving a square 
shape to the tooth (Şen 2001; Şen and Purabrishemi 2010). Furthermore, the length 
of the M1 is smaller than that of the M2 (Şen 2001).

Apart from the material from Pikermi, a few other specimens of this species have 
been unearthed in Greece. Melentis and Schneider (1966) described one partial left 
maxilla with the M1–2 of H. primigenia from the Upper Miocene locality Alifakas 
(Thessaly). The Turolian fauna of Halmyropotamos has yielded both semi- 
mandibles of one H. primigenia individual, the right one with the m2–3 and the 
alveoli of the p4 and the m1 and the left one with the m1–2 and the alveoli of the p4 
(Melentis 1967). Furthermore, the species is represented by one almost complete 
skull and one left mandible with roots of the p4–m2 and part of the m3 in the late 
Turolian fauna from Samos–S3 (Bakr 1959; Black et al. 1980). Finally, one skull 
with complete dentition of H. primigenia has been described from the late Turolian 
fauna from Dytiko-3 (Fig. 37) by de Bonis et al. (1992).
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Hystrix refossa Gervais, 1852

Taxonomical History Considered by van Weers (2005) as the senior synonym of 
H. major Gervais, 1859; H. crassidens Lydekker, 1886; H. etrusca Bosco, 1899; 
H. makapensis Greenwood, 1958; H. angressi Frenkel, 1970; H. gigantea van 
Weers, 1985; and H. magna Pei, 1987.

Type Material One partial mandible with the p4 and the four alveoli of the m1 
(holotype) Muséum National, Laboratoire de Paléontologie, Paris (van Weers 1994: 
Pl. 1.a–b).

Type Locality Les Etouaires, Perrier, Puy de Dôme, France, Lower Pleistocene.

Distribution Early late Pliocene–Late Pleistocene of Eurasia.

Occurrences in Greece Milia-5, Gerakarou 1 and Alikes.

Remarks The cheek teeth of the species are slender, with rounded occlusal surface 
and complicated synclinid I (Koliadimou and Koufos 1991). The emended diagno-
sis by van Weers (1994) mentions that the species has very large-sized and strongly 

★Castor atticus Roth and Wagner, 1854
[junior synonym of Hystrix primigenia (Wagner, 1848), according to Gaudry 
and Lartet (1856)]

Type Material No holotype has been designated; the only available material 
is two lower right molars (Roth and Wagner 1854: Pl. 4.3).
Type Locality Pikermi, Greece, Upper Miocene [Turolian (MN12)].
Remarks Roth and Wagner (1854) erected the species Castor atticus based 
on two isolated lower right molars from Pikermi. One of the two is worn down 
and does not show any clear features on the occlusal surface. They have three 
separate roots. The authors compared them with molars from the then known 
species of Castor, Trogontherium, Chalicomys, Palaeomys and Stenofiber and 
found differences in the size and shape, in “the very oblique direction of the 
enamel–duplicature penetrating from the outside of the tooth and the more 
complex nature of the enamel figures on the occlusal surface”. They created a 
new species for this material, commenting, however, on the unfortunate situ-
ation of justifying its existence only through the presence of two teeth. 
Consequently, Gaudry and Lartet (1856) established the name Hystrix primi-
genia to include the incisor described by Wagner (1848) and the molars of 
Roth and Wagner (1854). Wagner (1857:129–130) described a skull from 
Pikermi and agreed with Gaudry and Lartet that the incisor previously 
described as Lamprodon primigenius and the two molars previously described 
as Castor atticus actually belong to the same species, H. primigenia.
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hypsodont teeth. The same author also distinguishes H. refossa from H. primigenia 
mainly through the degree of hypsodonty: the ratio tooth height/occlusal surface 
length is nearly always higher than 1.5 and maximum 2.6 for the former and rarely 
higher than 1.5 and maximum 1.6 for the latter species. One partial left mandible 
with i–m2, one upper incisor, two P4 and two M3 from the Biharian fauna from 
Gerakarou 1 have been assigned to H. major, with the note that they are also very 
similar to H. refossa, but more material of the latter species is needed for its better 
knowledge (Koliadimou and Koufos 1991). The species is also described from the 
Biharian fauna of Alikes, with one partial right mandible with d4–m1 (Athanassiou 
1998). Lazaridis et al. (2019) descripted from Milia-5 a right mandible fragment 
with part of the first lower incisor and the alveolus of the fourth premolar as 
H. refossa. The Milia record appears to be the oldest known of the species so far, 
dated at MN16a (early Villafrancian, early late Pliocene).

Fig. 37 Hystrix primigenia from Dytiko-3. Upper dentition of the skull DKO–41. Drawings cour-
tesy of GD. Koufos. Scale bar equals 1 cm
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6  Concluding Remarks

The rodent record of Greece is rather rich during the Neogene and Pleistocene, with 
fossils revealed in 68 and 39 localities, respectively. Unfortunately it is impossible 
to establish any knowledge for the pre-Neogene rodent faunas, since there is only 
one Late Oligocene fauna from Kyprinos, a fact that has to do with the absence of 
appropriate fossiliferous sediments from the area. Of the eight families represented, 
the castorids, dipodids, eomyids, ctenodactylids and hystricids are very rare, with 
the eomyids disappearing after the Pliocene, following the pattern of the European 
family evolution. The glirids and sciurids show greater diversity during the Miocene, 
with eight and six genera, respectively, in the Early–Middle Miocene and seven 
genera each in the Late Miocene, and their genus numbers start declining after the 
Late Miocene, apparently due to the change of the environment to less humid and 
more open. The murids are by far the best represented rodents in the Greek fossil 
record, with 4 genera in the Early Miocene, 12 in the Early–Middle Miocene, 24 in 
the Late Miocene (including the Turolian/Ruscinian boundary), 18 in the Pliocene, 
19 in the Early Pleistocene and 14 in the middle–Late Pleistocene. Four new glirid 
species, one new sciurid genus (Aliveria), seven new sciurid species, six new murid 
genera (Heramys, Byzantinia, Karydomys, Hypsocricetus, Hansdebruijnia, 
Kalymnomys) and 42 new murid species and one subspecies have been described 
from Greek fossil localities, proving the great importance of the Greek rodent fossil 
record in the knowledge of the Eurasian rodent evolution.
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 Appendix

List of Greek localities with known occurrences of fossil rodents arranged in approximate geo-
chronological order. Locality numbers refer to the collection numbers of the PaleoBiology 
Database (PBDB). Type localities are marked with boldface

LocalitiesPBDB No Age (MNQ) Taxon

Pili204953 Sub-recent Dryomys nitedula1

Myomimus roachi1

Loutra Almopias Cave 
Ia204954

Late Pleistocene, Younger Dryas 
(13,000–14,500 BP)

Dryomys nitedula2

Glis glis2

Muscardinus avellanarius2

Spermophilus citellus2

Spalax leucodon2

Mesocricetus newtoni2

Cricetulus migratorius2

Apodemus mystacinus2

Apodemus sylvaticus/
flavicollis2

Apodemus uralensis2

Myodes glareolus2

Microtus (Microtus) arvalis/
agrestis2

Microtus (Pitymys) cf. 
subterraneus2

Chionomys nivalis2

Arvicola terrestris2

Kitseli Pothole204955 Late Pleistocene Cricetulus migratorius3

Microtus (Microtus) arvalis3

cf. Microtus (Pitymys) 
subterraneus/multiplex3

Chionomys cf. nivalis3

Trypiti203848 Late Pleistocene Apodemus cf. mystacinus4,5

Dimitra 2204956 Late Pleistocene Spermophilus citelloides6

Apodemus sylvaticus/
flavicollis6

Murinae indet.6

Microtus (Microtus) cf. 
arvalis6

Arvicola cf. terrestris6

K. Vasileiadou and I. Sylvestrou



579

LocalitiesPBDB No Age (MNQ) Taxon

Arnissa204957 Late Pleistocene [penultimate 
interglacial (Eemian) age]

Dryomys nitedula7

Spermophilus citellus7

Spalax microphthalmus7

Mesocricetus newtoni7

Cricetulus migratorius7

Apodemus mystacinus7

Apodemus sp.7

Lagurus lagurus7

Myodes glareolus7

Microtus (Microtus) 
guentheri7

Microtus (Microtus) arvalis7

Microtus (Pitymys) sp.7

Microtus sp.7

Chionomys nivalis7

Arvicola cantiana/terrestris7

Sicista subtilis7

Loutra Almopias Cave 
LAC203847

Late Pleistocene, middle Würm 
(42,500 BP)

Dryomys nitedula2

Glis glis2

Muscardinus avellanarius2

Spermophilus citellus2

Spalax leucodon2

Mesocricetus newtoni2

Cricetulus migratorius2

Apodemus mystacinus2

Apodemus sylvaticus/
flavicollis2

Apodemus uralensis2

Mus spicilegus2

Myodes glareolus2

Microtus (Microtus) arvalis/
agrestis2

Microtus (Pitymys) cf. 
subterraneus2

Chionomys nivalis2

Arvicola terrestris2

Sicista subtilis2

Petralona Cave183123 Middle Pleistocene Myomimus personatus8

Spermophilus sp.8

? Spalax sp.8

Allocricetus sp./Cricetulus 
sp.8

Microtus sp.8

Hystrix sp.8
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LocalitiesPBDB No Age (MNQ) Taxon

Latomi 1204077 Middle Pleistocene Dryomys nitedula9

Myomimus roachi9

Spermophilus cf. 
xanthoprymnus9

Spalax nehringi9

Mesocricetus cf. brandti9

Cricetulus migratorius9

Apodemus mystacinus9

Apodemus sp.9

Mus sp.9

Rattus rattus9

cf. Rattus sp.9

Lagurus lagurus9

Microtus (Microtus) 
guentheri9

Microtus (Microtus) arvalis9

Chionomys nivalis9

Arvicola mosbachensis9

Sicista subtilis9

Allactaga cf. euphratica9

Varkiza 2204167 Middle or Late Pleistocene Myomimus personatus10

Apodemus mystacinus10

Apodemus sp.10

Mus musculus10

Arvicolinae indet.10

Varkiza 1204166 Middle or Late Pleistocene Apodemus mystacinus10

Arvicolinae indet.10

Microtus (Pitymys) sp.10

Dinaromys cf. bogdanovi10

Marathousa 134765, 187637, 

199937-40

Middle Pleistocene, Galerian 
(~500–400 ky)

Apodemus sylvaticus/
flavicollis11,12

Microtus sp. (cf. M. 
arvalis)11,12

Arvicola mosbachensis11,12

Castor fiber11,12

?Allactaga indet.11,12

Choremi 4200082 Middle Pleistocene, late Biharian 
(~580–620 ky)

Apodemus sp.13

Mus cf. spretus13

Mimomys sp.13

Mimomys aff. savini13

Castor fiber13

Choremi 3200081 Middle Pleistocene, late Biharian 
(~710–730 ky)

Sciurus cf. vulgaris13

Apodemus cf. sylvaticus13

Murinae indet.13

Mus sp.13

Mimomys aff. savini13

Pliomys aff. episcopalis13

Castor fiber13
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LocalitiesPBDB No Age (MNQ) Taxon

Choremi 2200080 Middle Pleistocene, late Biharian 
(~840–880 ky)

Mimomys sp.13

Mimomys aff. savini13

Castor fiber13

Choremi 1200079 Middle Pleistocene, late Biharian 
(~840–880 ky)

Mimomys aff. savini13

Volos34808 Pleistocene (MNQ21) Cricetulus migratorius14

Apodemus mystacinus14

Apodemus sylvaticus/
flavicollis14

Prolagurus pannonicus14

Microtus (Terricola) 
arvalidens14

Kalamoto-1200083 Pleistocene (MNQ20) Mimomys savini15

Apollonia-134784 Pleistocene (MNQ20) Lagurodon arankae16,17

Ravin Voulgarakis34783 Pleistocene (MNQ20) Glis aff. glis17

Myomimus sp.17

Spermophilus nogaici17

Pliospalax senii17

Cricetinus koufosi17

Apodemus mystacinus17

Apodemus sylvaticus/
flavicollis17

Mimomys savini17

Lagurodon arankae17

Kislangia sp.17

Microtus (Allophaiomys) 
pitymyoides17

Sicista subtilis17

Zeli 2A+B34786 Pleistocene (MNQ20) Micromys cf. minutus14

Apodemus mystacinus14

Apodemus sylvaticus/
flavicollis14

Mimomys savini14

Pliomys episcopalis14

Lagurodon sp.14

Microtus sp.14

Zeli 234785 Pleistocene (MNQ20) Apodemus mystacinus14

Apodemus sylvaticus/
flavicollis14

Mimomys savini14

Lagurodon arankae14

Microtus sp.14

Alikes34782 Early Pleistocene, Biharian 
(?MNQ19)

Mimomys sp.18

Lagurodon cf. arankae18

Hystrix refossa18
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LocalitiesPBDB No Age (MNQ) Taxon

Kalymnos-Xi34770 Early Pleistocene, Biharian 
(MNQ19)

Myomimus roachi14,19,20

Sciurus sp.14,19,20

Spalax cf. nehringi14,19,20

Meriones tristrami14,19,20

Mesocricetus cf. 
auratus14,19,20

Apodemus mystacinus14,19,20

Apodemus sylvaticus/
flavicollis14,19,20

Mus aegaeus14,19,20

Kalymnomys major20

Microtus (Allophaiomys) 
sp.14,19,20

Microtus (Tibericola) 
jordanica14,19,20

Marathoussa34765 Early Pleistocene, Biharian 
(MNQ19)

Spermophilus sp.21

Cricetinus koufosi17,21

Apodemus 
sylvaticus/flavicolis21

Mimomys sp.21

Lagurodon arankae21

Microtus (Allophaiomys) 
pliocaenicus21

Sicista cf. subtilis21

Tourkobounia 534592 Early Pleistocene, Biharian Gliridae indet.22

Sciuridae indet.22

Cricetulus cf. migratorius22

Murinae indet.22

Tourkobounia 434592 Early Pleistocene, Biharian Gliridae indet.22

Cricetinae indet.22

Murinae indet.22

Arvicolinae indet.22

Tourkobounia 334592 Early Pleistocene, Biharian Sciuridae indet.22

Cricetinae indet.22

Murinae indet.22

Arvicolinae indet.22

Tourkobounia 234767 Early Pleistocene, Biharian 
(MNQ19)

Eliomys quercinus23

Glis sp.23

Myomimus roachi23

Sciurus cf. anomalus23

Cricetulus migratorius23

Apodemus mystacinus23

Apodemus cf. flavicollis23

Lagurodon arankae23

Kalymnomys major23

Microtus (Tibericola) 
eleniae23
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LocalitiesPBDB No Age (MNQ) Taxon

Kaiafas34766 Early Pleistocene, Biharian (MNQ19) Glis n. sp.14

Glis sackdillingensis14

Sciurus sp.14

Cricetulus cf. migratorius14

Apodemus mystacinus14

Apodemus sylvaticus/
flavicollis14

Mimomys savini14

Pliomys episcopalis14

Lagurodon sp.14

Kalymnomys major14

Microtus (Allophaiomys) cf. 
ruffoi14

Pyrgos34655 Early Pleistocene, Biharian 
(?MNQ18)

Kalymnomys major14

Lagkada205041 Early Pleistocene, Biharian (MNQ18) Myomimus roachi14

Apodemus cf. mystacinus14

Apodemus cf. sylvaticus/
flavicollis14

Mimomys ostramosensis14

Kalymnomys cf. major14

Kastoria 234653 Early Pleistocene, Biharian (MNQ18) Myomimus roachi14

Apodemus dominans14

Mimomys reidi14

Mimomys pliocaenicus14

Pliomys episcopalis14

Borsodia newtoni14

Myodes sp.14

Pitymimomys pitymyoides14

Gerakarou 134617 Early Pleistocene, Biharian (MNQ18) Apodemus cf. mystacinus16

Mimomys sp.16,24,25

cf. Borsodia sp.16

Hystrix refossa16,25

Kardamena204662 Early Pleistocene, Biharian Myomimus sp.14

Apodemus cf. dominans14

Mimomys cf. reidi14

Thoknia205042 Early Pleistocene, (lower part of 
MNQ18 in Benda et al. 1987)

Mimomys (Kislangia) rex14,26

Pliomys cf. episcopalis14,26

Sesklo (upper level)34614 Early Pleistocene, late Villanyian 
(MNQ17)

cf. Hystrix27

Yialtra204804 Early Pleistocene Mimomys sp.28

Karnezeika202122 Early Pleistocene, middle-late 
Villafranchian (2.1–1.9 Ma, 
Iliopoulos personal communication 
August 2019)

Gliridae indet.29

Apodemus cf. dominans29

Kalymnomys sp.29

Kislangia sp.29

Rema Aslan205075 Early Pleistocene, late Villanyian Myomimus roachi14

Apodemus cf. dominans14

Rhagapodemus cf. frequens 
athensis14

Mimomys sp.14
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LocalitiesPBDB No Age (MNQ) Taxon

Damatria34591 Pliocene, Villanyian (MN16) Myomimus sp.14

Thallomys? sp.14

Apodemus cf. dominans14

Mimomys cf. hajnackensis14

Hystrix sp.14

Archipolis205077 Pliocene, Villanyian (MN 16a in 
Doukas and Papayianni 2016)

Apodemus cf. dominans14,30

Rhagapodemus cf. 
frequens14,30

Mimomys cf. gracilis14,30

Milia-5185859 Pliocene, Villanyian (MN16a) Hystrix refossa31

Limni 634590 Pliocene, Villanyian (MN16) Dryomys sp.14,32

Eliomys sp.14,32

Myomimus cf. roachi14,32

Micromys cf. 
praeminutus14,28,32

Apodemus dominans14,28,32

Rhagapodemus frequens 
athensis14,28,32

Orientalomys similis14,28,32

Mimomys cf. 
hajnackensis14,32

Mimomys cf. gracilis14,32

Pliomys graecus14,28,32

Tourkobounia 134589 Pliocene, Villanyian (MN16) Dryomys sp.1,14,33

Glis minor1,14,33

Dryomimus aff. 
eliomyoides1,14,33

Sciurus cf. anomalus1,14,33

Pliospalax 
tourkobouniensis1,14,33

Apodemus dominans1,14,33

Rhagapodemus frequens 
athensis1,14,33

Orientalomys similis1,14,33

Mimomys cf. 
hajnackensis1,14,33

Pliomys graecus1,14,33

Hystricidae indet.14

Kastoria 134588 Pliocene, late Ruscinian (MN15 in 
Koufos 2013)

Dryomimus cf. eliomyoides14

Keramidomys sp.14

Apodemus sp.14

Apodemus dominans14

Rhagapodemus frequens14

Dolomys occitanus14

Propliomys hungaricus14
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LocalitiesPBDB No Age (MNQ) Taxon

Notio 1205081 Pliocene, late Ruscinian (MN15, 
~3.97–3.92 Ma)

Glis minor34

Myomimus aff. maritsensis34

Sciurus anomalus34

Prospalax priscus34

Occitanomys magnus34

Apodemus dominans34

Apodemus atavus34

Rhagapodemus frequens34

Dolomys cf. nehringi34

Propliomys hungaricus34

Castoridae indet.34

Spilia 3–431900, 31907 Pliocene, late Ruscinian (MN15) Myomimus maritsensis14

Murinae indet.14

Occitanomys brailloni14

Apodemus dominans14

Apodemus cf. jeanteti14

Dolomys occitanus14

Komanos 2205081 Pliocene, late Ruscinian (MN15, 
4.81–4.77 Ma)

Micromys bendai34

Mimomys davakosi34

Ptolemais 335088 Pliocene, late Ruscinian (MN15, 
~4.95–4.77 Ma)

Occitanomys brailloni34,35

Micromys bendai (= 
Micromys kozaniensis) 34,35

Apodemus atavus34,35

Rhagapodemus 
primaevus34,35

Mimomys davakosi34,35

Castor fiber34,35

Megalo Emvolon 136579 Pliocene, late Ruscinian, MN 15 Spalax odessanus36

Apolakkia184242 Pliocene, late Ruscinian (MN15) Apodemus aff. dominans14,37

Dolomys sp.14,37

Dolomys occitanus14,37

Castor fiber14,37

Kato Afiartis205291 Pliocene, early Ruscinian Muscardinus sp.38

Pteromyini indet.38

Neocricetodon sp.38

Apodemus aff. dominans38

Makrygialos205292 Pliocene, Ruscinian (older than 
MN15–16)

cf. Mimomys sp.39

Vorio 3 and 3A205086 Pliocene, early Ruscinian (MN14, 
~4.95–4.85 Ma)

Pliopetaurista dehneli34

Occitanomys brailloni34

Micromys bendai34

Apodemus dominans34

Apodemus atavus34

Rhagapodemus primaevus34

Microtodon aff. 
komanensis34

Mimomys davakosi34

Castoridae indet.34
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Ptolemais 135086 Pliocene, early Ruscinian (MN14, 
~5.04–4.95 Ma)

Hylopetes sp.34,35

Occitanomys brailloni34,35

Micromys bendai34,35

Apodemus atavus34,35

Rhagapodemus 
primaevus34,35

Promimomys cor34,35

Castor fiber34,35

Limni 3205045 Pliocene, early Ruscinian (MN14) Occitanomys cf. brailloni14

Apodemus cf. dominans14

Promimomys cf. insuliferus14

Tomea Eksi 3205088 Pliocene, early Ruscinian (MN14, 
~4.97–4.93 Ma)

Micromys bendai34

Apodemus dominans34

Apodemus atavus34

Rhagapodemus primaevus34

Mimomys aff. davakosi34

Vorio 1205087 Pliocene, early Ruscinian (MN14, 
~5.04 Ma)

Occitanomys brailloni34

Micromys bendai34

Rhagapodemus primaevus34

Promimomys cor34

Kardia35087 Pliocene, early Ruscinian (MN14, 
~5.23–5.22 Ma)

Occitanomys brailloni34,35

Micromys steffensi34,35

Apodemus atavus34,35

Rhagapodemus 
primaevus34,35

Promimomys cor34,35

Castor fiber34,35

Komanos 1 high A and 
B205083

Pliocene, early Ruscinian (MN14, 
~5.22 Ma)

Pliopetaurista dehneli34

Allocricetus ehiki34

Occitanomys adroveri34

Micromys steffensi34

Apodemus atavus34

Rhagapodemus primaevus34

Promimomys cor34

Microtodon komanensis34

Castoridae indet.34

Komanos 1 low A and 
B205084

Pliocene, early Ruscinian (MN14, 
~5.23 Ma)

Glis minor34

Tamias sp.34

Allocricetus ehiki34

Occitanomys adroveri34

Micromys steffensi34

Apodemus atavus34

Rhagapodemus primaevus34

Promimomys cor34

Microtodon komanensis34

Microtodon sp.34
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Spilia 031931, 131229 Pliocene, early Ruscinian (MN14, 
~5.23–4.95 Ma)

Mesocricetus sp.14,40,41

Occitanomys brailloni14,40,41

Occitanomys adroveri14,40,41

Micromys bendai14,40,41

Apodemus dominans14,40,41

Rhagapodemus 
hautimagnensis14,40,41

Promimomys 
insuliferus14,40,41

Nea Silata191612 Miocene/Pliocene, Turolian/
Ruscinian, (MN13/14, ~5.4–5.23 Ma)

Myomimus maritsensis42,43

Pliopetaurista dehneli42,43

Spermophilinus cf. 
turolensis42,43

Pliospalax cf. macoveii42,43

Mesocricetus primitivus42,43

Occitanomys brailloni42,43

Micromys cf. paricioi42,43

Apodemus gorafensis42,43

Apodemus dominans42,43

Maramena32189 Miocene/Pliocene, Turolian/
Ruscinian, (MN13/14, ~5.4–5.23 
Ma)

Glis cf. minor44,47

Muscardinus 
pliocaenicus44,47

Myomimus maritsensis44,47

Hylopetes macedoniensis44

Pliopetaurista dehneli46,47

Miopetaurista thaleri46,47

Tamias atsali46,47

Spermophilinus turolensis
Eomyops catalaunicus46,47

Keramidomys cf. 
carpathicus46,47

Neocricetodon browni45,47

Hypsocricetus strimonis45,47

Allocricetus cf. ehiki44,47

Hansdebruijnia neutrum
Micromys cingulatus47,48

Apodemus gorafensis47,48

Apodemus cf. dominans47,48

Rhagapodemus 
primaevus47,48

Castoridae indet.47
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Ano Metochi 2–331924, 31928 Miocene/Pliocene, Turolian/
Ruscinian, (MN13/14, ~5.4–5.23 Ma)

Myomimus cf. 
maritsensis40,45,48,49

Pliopetaurista 
dehneli40,45,48,49

Tamias atsali40,45,48,49

Pliospalax sp.40,45,48,49

Pseudomeriones sp.40,45,48,49

Hypsocricetus 
strimonis45,48,49

Occitanomys adroveri40,45,48,49

Micromys bendai40,45,48,49

Apodemus gorafensis40,45,48,49

Apodemus dominans40,45,48,49

Rhagapodemus 
hautimagnensis40,45,48,49

Kessani-1205296 Miocene/Pliocene, Turolian/
Ruscinian, (MN13/14, ~5.4–5.23 Ma 
in Koufos and Vasileiadou 2015)

Myomimus maritsensis50,51

Pliopetaurista dehneli50,51

Pliospalax sp.50,51

Pseudomeriones cf. 
rhodius50,51

Mesocricetus cf. primitivus51

Occitanomys adroveri51

Micromys steffensi51

aff. Arvicanthis sp.51

Apodemus gorafensis51

Apodemus atavus/
dominans50

Rhagapodemus primaevus51

Kessani-2205297 Miocene/Pliocene, Turolian/
Ruscinian, (MN13/14, ~5.4–5.23 Ma 
in Koufos and Vasileiadou 2015)

Pliopetaurista dehneli50,51

Pseudomeriones cf. 
rhodius51

Mesocricetus cf. primitivus51

aff. Arvicanthis sp.51

Apodemus gorafensis51

Apodemus atavus/
dominans50,51

Rhagapodemus 
primaevus50,51

Prosilion–Mercurion205093 Late Miocene, late Turolian (MN13) Micromys bendai34

Arvicanthis cf. broekhuisi34

cf. Promimomys sp.34

Tomea Eksi 2205089 Late Miocene, late Turolian (MN13, 
5.40–5.30 Ma)

Pseudomeriones sp.34

Occitanomys debruijni34

Micromys bendai34

Arvicanthis broekhuisi34

Apodemus gorafensis34

Tomea Eksi 1205090 Late Miocene, late Turolian, MN 13 
(5.43–5.32 Ma)

Pseudomeriones sp.34

Occitanomys debruijni34

Micromys bendai34

Arvicanthis broekhuisi34

Apodemus gorafensis34
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Monasteri31940 Late Miocene, late Turolian 
(uppermost MN13, ~5.96–5.33 Ma)

Myomimus 
maritsensis40,45,48,52

Hylopetes sp.40,45,48,52

Keramidomys cf. 
carpathicus40,45,48,52

Pseudomeriones 
megistos40,45,48,52

Hypsocricetus 
strimonis45,48,52

Occitanomys adroveri40,45,48,52

Micromys bendai40,45,48,52

Apodemus gorafensis45,48,52

Rhagapodemus 
hautimagnensis45,48,52

Paliambela-B205333 Late Miocene, late Turolian 
(uppermost MN13, ~5.96–5.33 Ma)

Pseudomeriones megistos52

Paliambela-A205335 Late Miocene, late Turolian 
(uppermost MN13, ~5.96–5.33 Ma)

Micromys cf. steffensi39

Lava 2205341 Late Miocene, late Turolian (MN13, 
~6.8 Ma)

Glis cf. minor53

Muscardinus cf. vireti53

Pliopetaurista sp. (larger 
than dehneli)53

Hylopetes cf. hungaricus53

Blackia miocaenica53

Spermophilinus sp. (larger 
than turolensis)53

Eomyops cf. catalaunicus53

Prospalax aff. petteri53

Neocricetodon browni53

Apodemus sp.53

Dytiko-332376 Late Miocene, late Turolian (MN13, 
7.0–6.0 Ma)

Hystrix primigenia54

Dytiko-132374 Late Miocene, late Turolian (MN13, 
7.0–6.0 Ma)

Micromys steffensi55

Maritsa 168046 Late Miocene, late Turolian 
(MN13)

Eliomys aff. intermedius56

Myomimus maritsensis56

Atlantoxerus rhodius56

Spermophilinus giganteus56

Keramidomys carpathicus56

Pliospalax sotirisi33,56

Calomyscus minor56

Pseudomeriones 
rhodius57,58*
Mesocricetus primitivus56

Cricetus lophidens56

Occitanomys debruijni58

Paraethomys meini56

(= Occitanomys anomalus56)
Pelomys europeus56

Apodemus cf. dominans56

Rhagapodemus 
vandeweerdi33
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LocalitiesPBDB No Age (MNQ) Taxon

Chalkoutsi205344 Late Miocene, Turolian (MN11–13) ? Paraethomys sp.59

Kalithies205343 Late Miocene, Turolian (MN11–13) Eomyidae indet.59–61

Byzantinia sp.59–61

Pseudomeriones sp.59–61

Neocricetodon sp.59–61

Hansdebruijnia cf. 
neutrum59–61

Alifakas207134 Late Miocene, Turolian (MN11–13) Hystrix primigenia62

Rema Marmara32190 Late Miocene, middle/late Turolian 
(MN 12; tentatively)

Parapodemus gaudryi40

Hansdebruijnia neutrum40

Occitanomys brailloni40

Micromys bendai40

Halmyropotamos202213 Late Miocene, Turolian (MN12) Hystrix primigenia63

Pikermi182754 Late Miocene, end of middle 
Turolian (MN12, ~7.1 Ma)

Hystrix primigenia64,65

(= Castor atticus)
Pikermi–Megaloremma Late Miocene, Turolian (MN12) Parapodemus gaudryi66

Chomateri195562 Late Miocene, Turolian (MN12) Muscardinus sp.59

Myomimus cf. dehmi59

Byzantinia pikermiensis59

Neocricetodon aff. lavocati59

Parapodemus gaudryi59

Hansdebruijnia neutrum59

“Karnimata” provocator59

Hystrix primigenia67

Mytilinii 1B202216 Late Miocene, Turolian (MN12, 
7.17–7.13 Ma)

Spermophilinus cf. bredai68

Pliospalax cf. sotirisi68

Pseudomeriones 
pythagorasi68

Mytilinii 1A202215 Late Miocene, Turolian (MN12, 
7.17–7.13 Ma)

Spermophilinus cf. bredai68

Pseudomeriones 
pythagorasi68

“Karnimata” provocator68

Samos Quarry 495689 Late Miocene, middle Turolian 
(MN12, slightly younger than 7.3 
Ma)

Byzantinia hellenicus60,70

Parapodemus gaudryi60,69

Samos S3205351 Late Miocene, middle Turolian 
(MN12, near the fossil level MYT, 
~7.3 Ma)

Spermophilinus cf. bredai60

Pliospalax cf. sotirisi60

Byzantinia hellenicus60

Pseudomeriones 
pythagorasi60

“Karnimata” provocator60

Hystrix primigenia60

Vathylakkos-3182750 Late Miocene, middle Turolian 
(MN12, ~7.3 Ma)

Parapodemus gaudryi71

Ravin des Zouaves 5195489 Late Miocene, latest Vallesian 
(MN11, 8.23–8.07 Ma)

Murinae indet.72

K. Vasileiadou and I. Sylvestrou
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LocalitiesPBDB No Age (MNQ) Taxon

Lefkon31223 Late Miocene, latest Vallesian 
(MN10)

Myomimus dehmi40,45

Pliopetaurista bressana40,45

Byzantinia sp.40,45

Neocricetodon sp.40,45

Progonomys cathalai40,45

Parapodemus cf. 
lugdunensis40,45

Castoridae indet.40,45

Biodrak205342 Late Miocene, latest Vallesian 
(MN10)

Miodyromys multicrestatus59

Eomyops sp.59

Byzantinia nikosi59

Progonomys cathalai59

Ravin de la Pluie191070 Late Miocene, late Vallesian (MN10, 
9.31–9.23 Ma)

Spermophilinus sp.72,73

Progonomys cathalai72,73

Kastellios (KA1, 2a, 3) 
205360–205362, 205365

Late Miocene, late Vallesian (MN10, 
9.3–9.1 Ma)

Muscardinus cf. 
hispanicus74,75

Spermophilinus bredai74,75

Cricetulodon sp.74,75

Progonomys cathalai74,75

Progonomys woelferi74,75

Plakias183151 Late Miocene, early Vallesian 
(lower part of MN 9, ~9.9 Ma or 
9.311–9.6 Ma)

Glirulus (Paraglirulus) 
werenfelsi76,77

Gliridae indet.76,77

cf. Blackia sp.76,77

cf. Hylopetes sp.76,77

Eomyops aff. 
catalaunicus76,77

Eumyarion leemanni76,77

Cricetinae indet.76,77

Cricetulodon cretensis76,77

Serrae Late Miocene, Vallesian–Turolian 
(MN9–13)

Chalicomys jaegeri78

Katheni207010 Late Miocene, Vallesian–Turolian 
(MN9–13)

Myomimus dehmi32

Byzantinia aff. nikosi32

Chryssavgi 1205366 Middle Miocene, late Astaracian 
(MN7+8)

Myomimus sp.17

Megacricetodon minor17

Byzantinia bayraktepensis17

Rema Patsiaris205388 Middle Miocene cf. Megacricetodon sp.39

Thymiana C205390 Middle Miocene, Orleanian (MN5, 
~15.5 Ma, interval of Chrons 
C5Bn.1n - C5Cr in Koufos 2006)

Sciuridae indet.79

Megacricetodon primitivus79

Cricetodon meini79

Democricetodon sp. 179

Sayimys intermedius79,80
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Thymiana A205389 Middle Miocene, Orleanian (MN5, 
~15.5 Ma, interval of Chrons 
C5Bn.1n - C5Cr in Koufos 2006)

Microdyromys sp.79

Myomimus sp.79

Heramys sp.79

Megacricetodon primitivus79

Cricetodon meini79

Democricetodon n. sp. I79

Democricetodon n. sp. II79

Democricetodon gracilis79

Cricetodon sp.79

Sayimys intermedius79,80

Antonios73861 Early Miocene, Orleanian (MN4/5) cf. Microdyromys sp.81

Palaeosciurus sutteri81

Spermophilinus besana81

Pliospalax sp.81

Megacricetodon sp.81,82

Cricetodon meini81

Democricetodon 
franconicus81

Sayimys sp.81

Komotini68085 Early Miocene, Orleanian (?MN4) Tamias sp.32,83

Sciuridae indet.32,83

Cricetodon meini32,83

Thymiana 0 Late Early Miocene (MN4) Karydomys strati84

Moschopotamos208601 Early Miocene, Orleanian (MN4) Aliveria cf. brinkerinki85

Karydia69435 Early Miocene, Orleanian (MN4) Glirulus (Glirulus) 
diremptus86–89

Glirulus (Paraglirulus) 
agelakisi86–89

Glirudinus gracilis86–89

Glis galitopouli86–89

Seorsumuscardinus 
alpinus86–89

Miodyromys cf. praecox86–89

Aliveria luteijni86–89

Blackia miocaenica86–89

Palaeosciurus aff. 
fissurae86–89

Pseudotheridomys aff. 
parvulus86–89

Mirrabella tuberosa87

Eumyarion aff. latior87

Anomalomys minor86–89

Debruijnia kostakii89

Cricetodon aliveriensis87

Democricetodon 
franconicus86–89

Democricetodon gracilis86–89

Democricetodon cf. 
gaillardi86–89

Democricetodon 
anatolicus86–89

Karydomys symeonidisi86–89

Karydomys boskosi86–89

cf. Deperetomys sp.86–89

Miopetaurista sp.90



LocalitiesPBDB No Age (MNQ) Taxon

Aliveri68032 Early Miocene, Orleanian (MN4, 
18–17.5 Ma)

Bransatoglis complicatus92,98

Glirulus (Glirulus) 
diremptus92

Glirulus (Paraglirulus) 
agelakisi92

Microdyromys sp.92

Glirudinus euryodon92

Glis galitopouli92

Aliveria brinkerinki91

Aliveria luteyni91

Miopetaurista dehmi91

Blackia miocaenica91

Palaeosciurus aff. 
fissurae91,99

Tamias eviensis91

Pseudotheridomys 
parvulus96

Mirrabella tuberosa95

Eumyarion latior/
weinfurteri97

Anomalomys aliveriensis97

Heramys eviensis93

Megacricetodon 
hellenicus82,97

Cricetodon aliveriensis93

Democricetodon 
franconicus86,97

Democricetodon gracilis86,99

Lapsarna186558 Early Miocene, Orleanian (MN4, 
older than 18.4±0.5 Ma)

Glirulus (Glirulus) 
diremptus100,101

Eumyarion aff. latior/
weinfurteri100,101

Democricetodon sp.100,101

Kyprinos196839 Late Oligocene Bransatoglis sjeni102

Paracricetodon aff. 
kavakderensis102

Pseudocricetodon 
moguntiacus cf. orientalis102

Mirrabella hansoulii102

Kerosinia aff. variabilis102

MN Mammal Neogene Zone, MNQ Mammal Quaternary Zone
aThe assignment of the Monasteri and the Ano Metochi 2,3 hamster to H. strimonis still has to be 
proven; see text.
1 Daams 1981, 2 Chatzopoulou 2014, 3 Tsoukala et al. 2006, 4 Sondaar 1971, 5 van der Geer et al. 
2014, 6 Syrides and Koliadimou 1994, 7 Mayhew 1978, 8 Sickenberg 1971, 9 Storch 1975, 10 van de 
Weerd 1973, 11 Konidaris et al. 2018, 12 Doukas et al. 2018, 13 van Vugt et al. 2000, 14 van der 
Meulen and van Kolfschoten 1986, 15 Tsoukala and Chatzopoulou 2005, 16 Koufos et al. 1995, 17 
Koliadimou 1996, 18 Athanassiou 1998, 19 Kuss and Storch 1978, 20 von Koenigswald et al. 1992, 
21 Koufos et al. 2001, 22 Reumer and Doukas 1985, 23 van der Meulen and Doukas 2001, 24 Zamanis 
et al. 1980, 25 Koliadimou and Koufos 1991, 26 Benda et al. 1987, 27 Athanassiou 2018, 28 Katsikatsos 
et al. 1981, 29 Kokotini et al. 2019, 30 Doukas and Papayianni 2016, 31 Lazaridis et al. 2019, 32 de 
Bruijn and van der Meulen 1979, 33 de Bruijn and van der Meulen 1975, 34 Hordijk and de Bruijn 
2009, 35 van de Weerd 1979, 36 de Bruijn 1984, 37 van de Weerd et al. 1982, 38 Daams and van de 
Weerd 1980, 39 Sylvestrou 2002, 40 de Bruijn 1989, 41 Theocharopoulos 1991, 42 Vasileiadou 2001, 
43 Vasileiadou et al. 2003, 44 Bouwens and de Bruijn 1986, 45 Daxner-Höck 1995, 46 de Bruijn 1995, 
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47 Schmidt-Kittler et al. 1995, 48 Storch and Dahlmann 1995, 49 Wessels 1998, 50 Syrides et al. 1997, 
51 Vasileiadou et al. 2012, 52 Sylvestrou and Kostopoulos 2007, 53 de Bruijn et al. 1999, 54 de Bonis 
et al. 1992, 55 Koufos and Vasileiadou 2015, 56 de Bruijn et al. 1970, 57 Şen 1977, 58 Şen et al. 1989, 
59 de Bruijn 1976, 60 Black et al. 1980, 61 Wessels 1999, 62 Melentis and Schneider 1966, 63 Melentis 
1967, 64 Wagner 1848, 65 Gaudry and Lartet 1856, 66 Dames 1883, 67 Bachmayer et al. 1982, 68 
Vasileiadou and Sylvestrou 2009, 69 Schaub 1926, 70 Freudenthal 1970, 71 de Bonis and Koufos 
1999, 72 de Bonis and Melentis 1975, 73 Aguilar et al. 1995, 74 de Bruijn et al. 1971, 75 de Bruijn and 
Zachariasse 1979, 76 de Bruijn and Meulenkamp 1972, 77 de Bruijn et al. 2012, 78 Melentis 1966, 79 
de Bonis et al. 1997, 80 López-Antoñanzas et al. 2005, 81 Vasileiadou and Koufos 2005, 82 Oliver 
and Peláez-Campomanes 2016, 83 de Bruijn et al. 1993, 84 López-Antoñanzas et al. 2019, 85 Benda 
and Steffens 1981, 86 Theocharopoulos 2000, 87 Doukas 2003, 88 Duncan 2012, 89 de Bruijn 2016, 
90 Wessels 2020 personal communication, 91 de Bruijn et al. 1980, 92 van der Meulen and de Bruijn 
1982, 93 Klein Hofmeijer and de Bruijn 1985, 94 Ziegler and Fahlbusch 1986, 95 de Bruijn et al. 
1987, 96 Alvarez- Sierra et al. 1987, 97 Klein Hofmeijer and de Bruijn 1988, 98 Ünay 1994, 99 van den 
Hoek Ostende et al. 2015, 100 Vasileiadou and Zouros 2012, 101 Vasileiadou et al. 2017, 102 Doukas 

and Theocharopoulos 1999
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1  Introduction

The order Lagomorpha Brandt, 1855, comprises two extant families: Ochotonidae 
Thomas, 1897 (pikas), and Leporidae Fischer de Waldheim, 1817 (rabbits and 
hares). Lagomorphs for long are classified as a suborder of Rodentia; it was in 
1912 that they were separated to form their own order, mainly due to the pres-
ence of a second pair of nonfunctional upper incisors, absent in rodents (Gidley 
1912; see also Montuire 2001 for details). The first upper pair of incisors is 
ever-growing (not the second upper ones) and there is a diastema between the 
two pairs of incisors and the premolars. The dental formula is 2,0,3,2/1,0,2,3 for 
extant ochotonids and 2,0,3,3/1,0,2,3 for extant leporids, but it may slightly 
vary in fossil taxa.

Ochotonids are represented today by only one genus, Ochotona Link, 1795, with 
more than 30 species, living mainly in rocky, alpine meadow, steppe, or semi-desert 
environments across the western part of North America and in Asia north of the 
Himalayas, from the Middle East and the Urals to the Bering Sea (MacDonald 
2009). Leporids are represented today by 11 genera with more than 60 species, liv-
ing worldwide (native in Eurasia, Africa, and North America and introduced to 
South America and Oceania) in a great variety of environments, from desert to trop-
ical rain forest and arctic tundra (MacDonald 2009).

The extant Greek fauna includes only two species of Leporidae: Lepus euro-
paeus (European or brown hare) and Oryctolagus cuniculus (European rabbit). 
Nevertheless the fossil record indicates the presence in the area of numerous 

K. Vasileiadou (Deceased) 
Natural History Museum of the Lesvos Petrified Forest, Mytilene, Lesvos, Greece 

I. Sylvestrou (*) 
School of Geology, Aristotle University of Thessaloniki, Thessaloniki, Greece
e-mail: sylvest@geo.auth.gr

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-68398-6_16&domain=pdf
https://doi.org/10.1007/978-3-030-68398-6_16#DOI
mailto:sylvest@geo.auth.gr


612

representatives of both lagomorph families since the early Miocene. Although 
diagnostic dental elements (p3 and P2) are few in several cases and definite 
specific determinations maybe difficult, the Greek lagomorph fossil record is 
fairly complete. The aim of this work is to present the diversity of the Greek 
lagomorphs through time, providing taxonomical and chronological informa-
tion. Fossil Greek occurrences of taxa surviving today are not treated separately 
and take part of the genus remarks. Taxa originally described from Greece are 
marked with a star.

2  Historical Overview

No mention to fossil lagomorphs in Greece can be found in literature before the 
beginning of the 1970s. Lagomorph fossil remains were reported for the first time 
by de Bruijn et  al. (1970) from the Upper Miocene locality Maritsa 1 (Rhodes 
Island), in which one ochotonid and one leporid were present. Later in the same 
decade, two more species were described from the Turolian faunal complex of 
Pikermi-Chomateri by López Martínez (1976), two species from the Upper 
Pleistocene locality Arnissa by Mayhew (1978), and one from the Pliocene locality 
Ptolemais 1 by van de Weerd (1979). During the following two decades, and as the 
attempts to find micromammalian fossil localities in Greece were intensified,1 a few 
lagomorph remains were usually found alongside large assemblages of rodents. 
These investigations led to the production of several publications describing 
Neogene lagomorph remains (e.g., Katsikatsos et al. 1981; van de Weerd et al. 1982; 
Reumer and Doukas 1985; López Martínez 1986; de Bruijn 1989, 1995; de Bruijn 
et al. 1999).

In the years that followed, doctoral, postgraduate, and undergraduate studies car-
ried out in the Geology Department of the Aristotle University of Thessaloniki led 
to the discovery of additional lagomorph remains and the production of a series of 
publications describing them (e.g., Koliadimou 1996; Vasileiadou 2001; Sylvestrou 
2002; Konidaris 2005; Chatzopoulou 2014).

The study of the Greek fossil lagomorphs, even though hampered by the absence 
of large assemblages, has led to the creation of one new ochotonid genus, Albertona 
López Martínez, 1986, and one new ochotonid and one new leporid species: 
Albertona balkanica López Martínez, 1986, from Aliveri and Trischizolagus marit-
sae de Bruijn et al., 1970, from Maritsa 1.

1 Mainly by a Dutch-Greek collaboration between the Faculty of Earth Sciences of the University 
of Utrecht, the Geology Department of the University of Athens, and the Greek Institute of 
Geology and Mineral Exploration
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3  Evolution and Phylogenetic Relationships

The order Lagomorpha originated in Asia likely around the Paleocene–Eocene 
boundary (Ge et al. 2013). Eocene stem lagomorphs, representing several distinct 
lineages with a mosaic of ochotonid and leporid features, show that the two living 
families split most probably during the early Eocene from different roots and at dif-
ferent times (Averianov and Lopatin 2005; Rose et al. 2008).

According to Ge et  al. (2013), apart from the extant Ochotona, the family 
Ochotonidae includes 31 extinct genera with around 150 species, but opinions vary 
among scholars. Sinolagomus from the Oligocene of China and Mongolia appears 
as the earliest member of the family  (Erbajeva et  al. 2011; Erbajeva 2016). The 
attribution of the even earlier Desmatolagus to the family is strongly debated (e.g., 
Fostowicz-Frelik and Meng 2013; Ge et al. 2013). From mid-Oligocene onward, the 
ochotonid diversity increased, whereas the family showed great diversity and geo-
graphical dispersal during the Miocene (Angelone 2008). However, in the Miocene–
Pliocene transition, a significant diversity reduction and geographical restriction 
that continued in the Pleistocene took place, with only 3–4 genera surviving, lead-
ing to the current monogeneric status of the family (Ge et al. 2013). It seems that 
their peak took place in a period during which the temperatures were high and the 
distribution of the C3 plants (forests) increased, whereas when the climatic condi-
tions deteriorated near the end of the Miocene and the C4 grasses started expanding, 
the ochotonid diversity dropped dramatically (Ge et al. 2013). During their evolu-
tion, they showed specific evolutionary trends in their dental morphology: a shift 
toward hypsodonty and disappearance of roots, increase in the complexity of the P3/
p3 enamel structure, increase in the depth of the P4–M2 hypostria and widening of 
the p4–m2 talonids (Erbajeva 1994).

As for ochotonids the number of extinct genera of Leporidae is disputable (about 
34 genera and 130 species in Ge et al. 2013). The earliest members of the family 
(i.e., Archaeolaginae) are known from the early Oligocene, but leporid diversity 
increased from the middle Miocene onward and accelerated at the end of Miocene 
to Pliocene (White 1991; Dawson 2008; Lopez-Martinez 2008). During the 
Pliocene/Pleistocene did they thrive and expand geographically, to decrease again in 
genera number during the Holocene (possibly due to extreme climate conditions 
and human impact). It seems that their diversity followed a pattern opposite of that 
of the ochotonids, since the genera numbers increased and spread geographically 
mainly in the period of cool and dry climatic conditions and predominance of C4 
plants in open grasslands, near the Miocene/Pliocene transition (Ge et al. 2013).

The monophyly of Lagomorpha is undoubted and is also supported by molecular 
data (Graur et al. 1996). Based on morphological characters (including the presence 
of ever-growing incisors with enamel only on the anterior side), lagomorphs and 
rodents have been traditionally grouped together in the clade Glires as sister groups. 
Although this relationship was repeatedly questioned (e.g., Graur et al. 1996; Li 
et  al. 1987; Meng and Wyss 2005), the monophyly of Glires is today generally 
accepted (Fostowicz-Frelik 2017 and references therein).
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In the fossil record, lagomorphs are mainly represented by dental elements. 
Consequently, the dental characters in both extinct and extant genera have been 
mainly used for the creation of cladograms depicting the relationships within the 
lagomorphs (e.g., McKenna 1982). Based on these cladograms, Leporidae and 
Ochotonidae are monophyletic clades (McKenna 1982).

4  Distribution

Lagomorph fossil remains have been reported from 36 localities in Greece, dated 
from the early Miocene to the Late Pleistocene (Fig. 1, Appendix): 15 are correlated 
with the Miocene, 6 with the Miocene/Pliocene boundary, 6 with the Pliocene, and 
9 with the Pleistocene. The majority (23) is located in Northern Greece (Macedonia 
and Thrace), four in Attica, one in Central Greece, and eight in insular Greece (Evia, 
Chios, Rhodes, Karpathos, and Crete). The most diverse lagomorph assemblages 
are those of the Pliocene locality Megalo Emvolon 1 and of the latest Pleistocene 
locality Loutra Almopias Cave LAC Ia, with three lagomorph species in each 
(Appendix).

5  Systematic Paleontology

Lagomorpha Brandt, 1855

 Family Ochotonidae Thomas, 1897

Type Genus Ochotona Link, 1795.

Prolagus Pomel, 1853

Type Species Lagomys sansaniensis Lartet, 1851.

Other Taxa Included At least 26 extinct species of Prolagus are considered as 
valid today: P. oeningensis (König, 1825); P. sardus (Wagner, 1829); P. calpensis 
Major, 1905; P. vasconiensis Viret, 1930; P. bilobus Heller, 1936; P. savagei Berzi, 
1967; P. crusafonti López Martínez in López Martínez and Thaler, 1975; P. mich-
auxi López Martínez in López Martínez and Thaler, 1975; P. ibericus López 
Martínez in López Martínez and Thaler, 1975; P. figaro López Martínez in López 
Martínez and Thaler, 1975; P. depereti (López Martínez in López Martínez and 
Thaler, 1975); P. schnaitheimensis Tobien, 1975; P. tobieni López Martínez, 1977; 
P. major López Martínez, 1977; P. praevasconiensis Ringeade, 1978; P. apriceni-
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cus Mazza, 1987; P. imperialis Mazza, 1987; P. sorbinii Masini, 1989; P. aguilari 
López Martínez, 1997; P. caucasicus Averianov and Tesakov, 1998; P. italicus 
Angelone, 2008; P. lopezmartinezae Hordijk and van der Meulen, 2010; P. osmol-
skae Fostowicz-Frelik, 2010; P. vargasensis Hordijk and van der Meulen, 2010; 
P. pannonicus Angelone and Čermák, 2014; P. latiuncinatus Angelone and 
Čermák, 2014.

Fig. 1 Map of Greece showing the geographic distribution of the most important localities with 
lagomorph fossils. 1, Loutra Almopias Cave (localities LAC and LAC Ia); 2, Arnissa; 3, Apollonia 
1; 4, Ravin Voulgarakis; 5, Alikes; 6, Tourkobounia localities 2, 3, 5; 7, Megalo Emvolon 1; 8, 
Apolakkia-2; 9, Agios Ioannis; 10, Ptolemais 1; 11, Spilia localities 0, 1; 12, Nea Silata; 13, 
Maramena; 14, Ano Metochi localities 2, 3; 15, Kessani localities 1, 2; 16, Maritsa 1; 17, Monasteri; 
18, Paliambela-A; 19, Lava 2; 20, Rema Marmara; 21, Elaiochoria; 22, Chomateri; 23, Lefkon; 24, 
Katheni; 25, Vrysses; 26, Chryssavgi 1; 27, Thymiana localities A, C; 28, Antonios; 29, Aliveri. 
See Appendix for more information. Image exported from Google Earth Pro © 2019, map data 
from US Dept. of State Geographer, SIO, NOAA, US Navy, NGA, GEBCO, image from Landsat/
Copernicus. Scale bar equals 80 km, North faces upward
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Distribution Early Miocene to Holocene in Europe, Turkey, and NW Africa.

Remarks One P2 of Prolagus sp. from Antonios has been described by Vasileiadou 
and Koufos (2005): slightly deeper paraflexus than mesoflexus, both filled with 
cement; large mesial hypercone; small postcone; anterior side covered by cement. It 
shows similarities with P. oeningensis from Paşalar described by de Bruijn et al. 
(2003), but the material is too scanty to allow specific identification. The presence 
of Prolagus sp. is also mentioned from several Upper Miocene to Pliocene Greek 
localities: Katheni (Evia Island; Katsikatsos et al. 1981), Lefkon and Monasteri in 
the Strimon Basin (de Bruijn 1989), and Paliambela-A (with one broken p3, two 
broken P2, one P4, and one broken P3; Sylvestrou 2002; Sylvestrou and Kostopoulos 
2007). Van der Made (1996) mentioned the presence of one left P3 of Prolagus sp. 
at Vrysses (Crete) (collected by de Bruijn).

The scanty material (one d3, two p3, two I1, two P2, one P3, and one P4) from 
the middle Miocene locality Chryssavgi 1 does not allow specific determination. 
However, these dental elements are distinguished from all known species of 
Prolagus, and, for that reason, Koliadimou (1996) proposed that they belong to a 
new species of Prolagus, but she refrained from naming it due to the limited mate-
rial. The distinctive features she gave for this species mentioned: small to medium 
size; the width of the p3 is small in relation to its length, the anteroconid is large and 
rhomboid, with one main buccal fold and numerous small ones; the precone of the 
P2 is elongated and covers the paraflexus; slightly folded lagiloph on the P3.

Angelone (2007:417–418) mentioned that some of the late Miocene to Pliocene 
Prolagus assemblages from Greece (i.e., from the localities Kessani, Karpathos, 
Pikermi, and Maramena; see following paragraphs for details) seem to exhibit 
unusual features compared to the Western European Prolagus species and their revi-
sion might show a late Miocene to Pliocene speciation event in the area of the 
Aegean. Until such a revision takes place, we here refer each of these assemblages 
to the species originally attributed to.

Prolagus crusafonti López Martínez in López Martínez and Thaler, 1975

Type Material IPS.L-1 (holotype), left mandible with p3–m2, Miquel Crusafont 
Catalan Institute of Paleontology (López Martínez and Thaler 1975:Pl. 1.5a–d)

Type Locality Can Ponsic, Spain, Upper Miocene [Vallesian (MN9)].

Distribution Late Miocene of SW Europe, Greece, and SW Russia.

Remarks According to López Martínez and Thaler (1975:854), P. crusafonti is 
smaller than P. oeningensis; the P2 is small with three cusps and variation on the 
hypercone; the upper molars show enamel fossettes; the lower teeth are wider than 
in P. oeningensis; the crochet is absent or very small on half of the population; the 
anteroconid is equal in surface to the metaconid and much more developed than in 
P. oeningensis. López Martínez (1976) described three fragmented mandibles, one 
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d4, 23 p3, six P2, one P3, one P4, and several upper and lower cheek teeth from 
Pikermi as P. cf. crusafonti. The morphology of the p3 shows a wide variation: there 
are specimens with tiny crochet (“advanced” feature) and others with a large one 
(“primitive” feature), specimens with small and rounded anteroconid (“primitive” 
feature) and others with a large one (“advanced” feature), specimens with a short 
and straight protoconulid (“primitive” feature) and others with a curved one 
(“advanced” feature) (López Martínez 1976:237). This combination of advanced 
and primitive features is—according to the author—characteristic for the late 
Miocene P. crusafonti, but the P2 shows a weakly developed mesial hyperloph, less 
however, than in P. michauxi, and the enamel of the precone is always present 
(López Martínez 1976:237, 239). Tesakov and Averianov (2002:82) preferred 
assigning the material from Pikermi to P. sorbinii, due to the presence of large 
enamel fossettes and a short hypostria on the P4.

Prolagus michauxi López Martínez in López Martínez and Thaler, 1975

Type Material CB.UMSL-1001 (holotype), skull, University of Montpellier 
(López Martínez and Thaler 1975:Pl. 2.1–2).

Type Locality Sète, France, Lower Pliocene [late Ruscinian (MN15)].

Distribution Late Miocene to Pliocene (MN12–MN16) of S Europe, W Turkey, 
Algeria, and Morocco.

Remarks A species larger than P. oeningensis but smaller than P. sardus. The diagno-
sis includes the following dental features (Fig. 2): P2 evolved like in P. sardus, but the 
maxilla bears only one alveolus, the upper molars have primitive characters and often 
bear enamel islets like in P. oeningensis; short muzzle, very large premolar foramen, 
wide and prominent zygomatic arches; large p3, common presence of a crochet and a 
robust protoconulid (López Martínez and Thaler 1975). The material from the Turolian/
Ruscinian fauna of Kessani (Thrace), consisting of two d3, seven p3, one p4/m1, two 
P2, 11 P3, six P4, and five M1/2, has been described as P. michauxi by Konidaris 
(2005) and Vasileiadou et al. (2012); all p3 have a crochet, whereas on the P2 there is a 
long mesial hyperloph that covers the paraflexus, centrocone, and mesoflexus. Syrides 
et al. (1997) had previously referred the material to P. aff. michauxi in the faunal list 
given for Kessani. A very rich material of P. michauxi (eight d3, three d4, 56 p3, 24 p4/
m1, nine m2, one partial mandible with p4 and m2, 44 P2, 56 P3, 57 P4, 51 M1/2) has 
been found in Nea Silata (Vasileiadou 2001); the anteroconid of the p3 is large and 
elongated, oblique to the longitudinal axis of the premolar, the protoconulid is narrower 
and longer than the protoconid, the metaconid is rounded and large, the endoconid and 
hypoconid are elongated and large, the crochet is absent (32.6%), small (55.8%), or 
large (11.6%) (Vasileiadou et al. 2003). The species is also present in Ptolemais 1 with 
two p3 (one damaged), one P2, one P3, and two P4 (van de Weerd 1979). One P3 and 
one P2 from the Lower Pliocene locality Agios Ioannis (Karpathos Island) have been 
attributed to P. cf. michauxi (Daams and van der Weerd 1980).
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Prolagus sorbinii Masini, 1989

Type Material V.7026 (holotype), articulated skeleton with skull and mandible 
with complete dentition of one individual, Museum of Natural History of Verona 
(Masini 1989:Pl. 1–2, Pl. 3, Figs. 1, 2, and 4).

Type Locality Monte Castellaro, Italy, Upper Miocene [Messinian].

Distribution Late Miocene to Pliocene (MN12–MN15) of South Europe.

Remarks According to the diagnosis given by Masini (1989), the species is slightly 
larger than P. michauxi, the muzzle is elongated, the incisive foramen tends to split 
in anterior and posterior parts, the premolar foramen is large, the P2 is evolved with 
a well-developed anteroflexus, the p3 has either no or very small crochet and no 
protoisthmus, and the upper molars have no or reduced enamel islet and a not much 
extended labially hypoflexus. De Bruijn (1995) assigned the ochotonid material 
from Maramena (six d3, three d4, 17 p3, two D2, two D3/4, 11 P2, 14 P3, nine P4) 
to P. cf.  sorbinii, stating, however, that the length of the snout that is the main 
 characteristic that distinguishes P. sorbinii from P. michauxi cannot be observed in 
the available material. He based his identification on the average greater similarity 
of the P2–4 from Maramena with the premolars of P. sorbinii than with those of 
P. michauxi. P. cf. sorbinii is also present in three other localities in the Strimon 
Basin: Rema Marmara, Ano Metochi 3, and Spilia 0 (de Bruijn 1995:135; initially 
reported as P. michauxi in de Bruijn 1989). Masini (1989:305) stated that “the major 
distinctive features of P. sorbinii lie in its skull morphology,” but later on Angelone 
(2007) provided several distinctive dental features differentiating the three taxa, 

Fig. 2 Prolagus michauxi from Kessani (a, f, g, h, i, j, k; Vasileiadou et al. 2012) and Nea Silata 
(b, c, d, e, l, m, n; Vasileiadou 2001). a right P2, b left P2, c left P2, d right P2, e right P2, f right 
P3, g right P4, h right M1/2, i left p3, j left p3, k left p3, l left p3, m left p3, n right p3. Scale bar 
equals 1 mm
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P. crusafonti, P michauxi, and P. sorbinii. Hence, several records of Greek Prolagus 
may need to be revised.

Albertona López Martínez, 1986

Type Species Albertona balkanica López Martínez, 1986.

Other Taxa Included A. aegeensis Ünay and Göktaş 1999.

Distribution Early Miocene (Orleanian) of Turkey, Greece, and Serbia.

★Albertona balkanica López Martínez, 1986

Type Material Left lower jaw with p3–4 and m2, no. 1 (holotype), Department of 
Earth Sciences of the University of Utrecht, the Netherlands (López Martínez 
1986:Pl. 1.1a–b).

Type Locality Aliveri, Greece, Lower Miocene [MN4; van den Hoek Ostende 
et al. 2015].

Distribution The species is also known from the early Miocene of Serbia.

Remarks López Martínez (1986) created the genus and the species based on a very 
rich material from Aliveri consisting of five lower incisors, 10 d3, seven d4, 45 p3, 
and four upper incisors, 24 P2, 60 P3, 24 P4, 63 M1, and 33 M2. The dental diag-
nostic features of both the genus and the species are as follows: dental formula is 
2,0,3,2/1,0,2,3; the teeth are rootless, and all premolars show a very thick cement 
layer; the P4 is molariform; the P2 shows two flexa, and its posterior and lingual 
sides form a right angle; the P3 does not show a mesoflexus but shows an anterolin-
gual constriction in the protoloph; the d3 has a small anteroconid; the p3 bears nei-
ther an anteroconid nor a protoflexid, it bears a centro- and a mesoflexid and 
sometimes a small anterostylid fused to the protoconid; the lower molariform teeth 
show a protoflexid (López Martínez 1986). Based on a cladogram of the Old World 
Oligocene to Miocene ochotonids, an Albertona-Alloptox sister group is proposed 
by López Martínez (1986:191) that may imply an ancestor-descendant relationship, 
which, however, is challenged by later studies (e.g., Marković 2010; Angelone and 
Hír 2012).

Alloptox Dawson, 1961

Type Species Ochotona gobiensis Young, 1932.

Other Taxa Included There are at least five valid species of Alloptox: A. anatoli-
ensis Ünay and Şen, 1976; A. minor Li, 1978; A. guangheensis Cao et al., 1990; 
A. xichuanensis Liu and Zheng, 1997; A. katinkae Angelone and Hír, 2012. 
According to Liu and Zheng (1997) A. chinghaiensis Qiu et al., 1981, is synonym 
of A. anatoliensis and A. sihongensis Wu, 1995, of A. minor.
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Distribution Early to middle Miocene of Eurasia and North Africa.

Remarks Alloptox sp. has been reported by de Bonis et al. (1997) from the middle 
Miocene localities Thymiana A and C (Chios Island).

Alloptox anatoliensis Ünay and Şen, 1976

Type Material AKÇ-1 (holotype), partial left mandible with p3–m2 (Ünay and 
Şen 1976:Fig. 1a).

Type Locality Çandir, Turkey, middle Miocene [MN5].

Distribution Early to middle Miocene of Greece and Turkey.

Remarks According to the diagnosis, the p3 is triangular, with massive trigonid, 
rounded lingual surface and angular but slightly concave buccal one, with deep and 
narrow anterobuccal groove, with only one and deep lingual groove (paraflexid in 
Şen 1990) that reaches the middle of the talonid posterolingually, with a clearly 
concave lingual surface of the talonid (entoconid in Şen 1990), with a well- developed 
anteriorly and posteriorly lingual part of the talonid (entoconid in Şen 1990) and a 
protruding buccal part of the talonid (hypoconid in Şen 1990) (Ünay and Şen 1976). 
In the available material from Çandir, the metaflexid on the p3 is a very shallow fold 
without cement (Ünay and Şen 1976:Figs. 1a and 2a), whereas the much larger 
A. anatoliensis sample from Çandir 2 includes some p3 with a well- developed 
metaflexid (de Bruijn et al. 2003). A. anatoliensis from Paşalar shows a large vari-
ety: ten p3 exhibit a well-developed metaflexid with cement, ten p3 a shallow fold 
without cement, and 34 p3 show no trace of a metaflexid (Şen 1990). As Vasileiadou 
and Koufos (2005) pointed out, the presence of only one lingual groove (paraflexid), 
thus the absence of a metaflexid, cannot be diagnostic for A. anatoliensis. De Bruijn 
et al. (2003) mentioned that the size of both A. minor and A. chinghaiensis is within 
the size variation of A. anatoliensis; thus the validity of the two species is doubtful 
(Liu and Zheng (1997) had already established the synonymy of A. chinghaiensis 
with A. anatoliensis). Vasileiadou and Koufos (2005) assigned two p3, one P2, three 
P3, and 12 partial molariform teeth from Antonios to A. anatoliensis; there is a shal-
low metaflexid on one of the two p3. Angelone and Hír (2012:3) referred to the 
Antonios species as “A. anatoliensis” due to the peculiar dental characters. The 
middle Miocene locality Chryssavgi 1 has yielded one P3 and three molars, assigned 
to Alloptox sp. by Koliadimou (1996); as the author mentioned, the material cannot 
be attributed to a species due to the absence of diagnostic dental elements (p3). 
However, Koufos (2006) added A. aff. anatoliensis in the faunal list for Chryssavgi 
1; apparently, he was led to this assignment due to the similarity of the specimens 
with specimens of A. anatoliensis from Paşalar (as reported by Koliadimou 1996).

Ochotona Link, 1795

Type Species Ochotona minor Link, 1795 (extant) (= Lepus dauuricus Pallas, 1776).
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Other Taxa Included The genus includes 30 extant species living in Asia and 
North America (MacDonald 2006), some of which can be found in late Pleistocene- 
Holocene fossil and sub-fossil assemblages (e.g., O. pusilla Pallas, 1768). It also 
includes at least 41 extinct taxa: O. eximia Khomenko, 1914; O. lagreli Schlosser, 
1924; O. ursui Simionescu, 1930; O. antiqua Argyropulo and Pidoplichkο, 1939; 
O. minor Bohlin, 1942; O. spanglei Shotwell, 1956; O. tologoica Habaeva, 1958; 
O. pseudopusilla Gureev and Schevtschenko, 1964; O. gureevi (Erbajeva, 1966); 
O. dodogolica Erbajeva, 1966; O. transcaucasica (Vekua, 1967); O. azerica 
Gadzhiev and Aliev, 1969; O. whartoni Guthrie and Matthews, 1971; O. gromovi 
Erbajeva, 1976; O. intermedia Erbajeva, 1976; O. guizhongensis Ji et  al., 1980; 
O. polonica Sych, 1980; O. kalfense (Lungu, 1981); O. sibirica (Erbajeva, 1983); 
O. zazhigini Erbajeva, 1983; O. bazarovi Erbajeva, 1983; O. zasuchini Erbajeva, 
1983; O. nihewanica Qiu, 1985; O. filippovi Erbajeva, 1999; O. valerotae Erbajeva 
et al., 2001; O. agadjianiani Melik-Adamian, 2003; O. ozansoyi Şen, 2003; O. dehmi 
Erbajeva, 2005; O. horaceki Čermák, 2005; O. plicodenta Erbajeva and Zheng, 
2005; O. magna Erbajeva and Zheng, 2005; O. youngi Erbajeva and Zheng, 2005; 
O. lingtaica Erbajeva and Zheng, 2005; O. gracilis Erbajeva and Zheng, 2005; 
O. zhangi Erbajeva and Zheng, 2005; O. tedfordi Erbajeva et al., 2006; O. chow-
mincheni Erbajeva et  al., 2006; O. gudrunae Erbajeva et  al., 2006; O. zabiensis 
Fostovicz-Frelik, 2008; O. kormosi Fostovicz-Frelik et al., 2011; O. mediterranen-
sis Suata-Alpaslan, 2012.

Distribution The extant species live in Eastern Europe, Asia, and North America. 
The genus occurs from the Miocene and in Central and Western Europe is recorded 
till the Late Pleistocene.

Remarks A few isolated dental elements (one p3, one M2, two upper molariform 
teeth, and four upper incisors) from Maritsa 1 (Rhodes Island) of a rather small spe-
cies, with one anterolingual, one anterobuccal, and one posterobuccal fold on the 
p3, a well-developed process protruding posteriorly from the talon on the M2, a 
long hypostria on the upper molariform teeth, and a deep groove medially of the 
center of the anterior upper incisor, have been assigned to Ochotona sp. (de Bruijn 
et al. 1970). The remains from the Upper Pleistocene locality Arnissa (a partial left 
mandible with the m3, a partial right maxilla with the alveoli of the P4–M2, one P3, 
one M1, and one M2) are similar in size and morphology to the extant steppe pika 
O. pusilla currently restricted to the steppes of S Russia and N Kazakhstan but com-
mon in Europe during the cool phases of the Late Pleistocene (Mayhew 1978, 
Erbajeva 1988). The same species has been described from Loutra Almopias Cave 
LAC I and LAC Ia (one lower incisor, four d3, five d4, two p3, four p4/m1/2, 12 
upper incisors, one D2, one D3, three D4, three P3, three P4/M1, five M2; Fig. 3); 
the material shows morphological features of the steppe pika: p3 with small antero-
conid, wide posteroconid, shallow para- and anteroflexid (Chatzopoulou 2014).

Ochotonoma Şen, 1998

Type Species Ochotonoma anatolica Şen, 1998.
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Other Taxa Included There are at least three valid species of Ochotonoma and 
some invalid ones: O. csarnotana (Kretzoi, 1959), O. primitiva (Zheng and Li, 
1982), and O. ortalicensis (Ünay and de Bruijn, 1998). O. anatolica and O. ortali-
censis are regarded as junior synonyms of O. csarnotana by Čermák (2007).

Fig. 3 Ochotona pusilla from Loutra Almopias Cave LAC. a left I1 in proximal view, b same in 
occlusal view, c–d right I1 in c occlusal and d root view, e right P3, f left P3, g left P4/M1, h right 
M2, i–j right D2 in i root and j anterior view, k–l right D4 in k root and l anterior view, m–n left 
i1 in m buccal and n occlusal view, o–q left d3 in o occlusal, p buccal, and q lingual view, r–s left 
d4 in r occlusal and s buccal view, t right p3, u left p3, v right p4/m1/2, w right p4/m1/2. Drawings 
courtesy of K. Chatzopoulou. Scale bar equals 1 mm
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Distribution Late Turolian to early Villányian of Eastern Europe and Asia.

Remarks A few dental elements (one complete and one partial p3, one P2, two P3, 
one P4, one M1) of a small pika from Apolakkia-2 (Rhodes Island) were initially 
assigned to Ochotonoides sp., due to the presence of three labial and one lingual 
folds on the p3 (van de Weerd et  al. 1982). Later, Şen (1998) noticed that the 
Apolakkia-2 species is markedly smaller than any of the Ochotonoides species, its 
p3 has a less folded anteroconid and smooth enamel along the proto- and paraflexid, 
and its P2 is shorter than those of other Ochotonoides species. Comparisons with 
the Ochotonoma material from Çalta revealed greater similarities with this genus 
(Şen 1998:375). Both Şen (1998) and later Čermák (2007, 2010) suggested that the 
material from Rhodes could represent a new species of Ochotonoma, due to its 
unique paraflexid morphology and the orientation of the strongly developed lingual 
part of the anteroconid; however, no new species can be named due to the limited 
material available.

 Family Leporidae Fischer de Waldheim, 1817

Type Genus Lepus Linnaeus, 1758.

Remarks Unidentifiable leporid dental elements have been found in several Greek 
sites: three molariform teeth in Nea Silata (Vasileiadou et al. 2003), one d4 and one 
upper molariform tooth in Kessani (Vasileiadou et  al. 2012), one lower and two 
upper molariform teeth and one P2 in Ravin Voulgarakis, and one partial left man-
dible with p4–m3 in Apollonia 1 (Koliadimou 1996), whereas Leporidae indet. is in 
the faunal list for Tourkobounia 3 and 4 without further details on the available 
material (Reumer and Doukas 1985).

Alilepus Dice, 1931

Type Species Lepus annectens Schlosser, 1924.

Nomenclatural and Taxonomical history Dice (1929) established Allolagus des-
ignating Lepus annectens Schlosser, 1924, as the type species. However, the same 
generic name had already been used by Ognev (1929) with Lepus mandshuricus 
Radde, 1861, as type species. For that reason, the new replacement name Alilepus 
was erected by Dice (1931:159) (see Čermák et al. 2015).

Other Taxa Included Eurasian Alilepus includes at least ten extinct valid species: 
A. laskarewi (Khomenko, 1914); A. hungaricus Kormos, 1934; A. ucrainicus 
Gureev, 1964; A. turolensis López Martínez, 1977; A. longisinuosus Qiu and Han, 
1986; A. zhoukoudianensis Cheng et al., 1995; A. lii Jin, 2004; A. elongatus Winkler 
et al., 2011; A. meini Angelone and Rook, 2011; A. parvus Wu and Flynn, 2017.
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Distribution Late Miocene to late Pliocene of North America; late Miocene to 
Early Pleistocene of Eurasia; late Miocene to Pliocene of Africa.

Remarks One fragmentary p3 and one d3 of Alilepus sp. are known from Pikermi 
(López Martínez 1976): the isthmus between trigonid and talonid on the p3 is nar-
row, typical for Alilepus; the Pikermi p3 is similar in size and morphology with the 
one of A. lascarewi from Taraclia (Romania) and similar morphologically with that 
of A. annectens from Ertemte (Inner Mongolia) but smaller.

Alilepus turolensis López Martínez, 1977

Type Material ARQ–64 (holotype), left p3, University of Montpellier (López 
Martínez 1977:fig. 4.3).

Type Locality El Arquillo (Rambla de Valdecebro 2), Spain, Upper Miocene [late 
Turolian (MN13)].

Distribution Late Miocene of S Europe (Spain, Italy, Greece) and Turkey.

Remarks The diagnostic features are as follows: large size, P2 similar to that of 
A. annectens but with a weak metaflexus, hypoflexus is deeper than that of A. annec-
tens, in advanced stages of wear the posterior edge loses its crenulation; the p3 is 
larger than that of A. annectens and A. laskarewi, with proto- and hypoflexid equally 
short, but much deeper mesoflexid, so that the isthmus connecting the trigonid and 
the talonid is much narrower and displaced buccally than in A. annectens; unlike in 
Trischizolagus, there are no lingual or anterior synclines (López Martínez 
1977:20–21). A. turolensis is present with a quite rich material (six d3, five d4, one 
p3, one p4/m2, two m3, one D2, three D3, one D4, three P2, six P3–M2; Fig. 4) at 
Maramena (Strimon Basin). The material is of interest because it is the first record 
of A. turolensis in the eastern Mediterranean area, whereas it is much richer than the 
type material from El Arquillo (de Bruijn 1995). The species is also reported in the 
faunal list of Spilia 0 and 1 (de Bruijn 1989) and likely Elaiochoria 2 (Hulva et al. 
2007) but without further details.

Pliopentalagus Gureev and Konkova in Gureev, 1964

Type Species Pliopentalagus moldaviensis Gureev and Konkova in Gureev, 1964.

Other Taxa Included P. dietrichi (Fejfar, 1961); P. progressivus Liu and 
Zheng, 1997; P. huainanensis Jin, 2004; P. dajushanensis Tomida and Jin, 2009; 
P. anhuiensis Tomida and Jin, 2009. The North American species P.? agilis 
(Russel and Harris, 1986) was originally attributed to Aztlanolagus Russel and 
Harris, 1986, but Tomida and Jin (2009) transferred it to Pliopentalagus. Its 
reference to the latter genus is treated with caution by some authors (e.g., 
Čermák and Wagner 2013).
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Distribution Latest Miocene to late Pliocene/Early Pleistocene of China; early 
Pliocene of C and SE Europe. Late Pliocene to Late Pleistocene of North America.

Remarks Pliopentalagus sp. is included in the fauna list for the locality Lava 2 
without any additional information on the material (de Bruijn et al. 1999).

Trischizolagus Radulesco and Samson, 1967

Type Species Trischizolagus dumitrescuae Radulesco and Samson, 1967.

Fig. 4 Alilepus turolensis from Maramena. a right D2, b left D3, c left P2, d right P2, e P4/M2, f 
left d3, g right d3, h left d4, i right d4, j left p3, k right p4/m2, l left m3. Drawings courtesy of 
H. de Bruijn
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Other Taxa Included T. crusafonti (Janvier and Montenat, 1971); T. maritsae de 
Brujin, 1970; T. gambariani (Melik-Adamyan, 1986); T. nihewanensis (Cai, 1989); 
T.? raynali (Geraads, 1994); T. mirificus Qiu and Storch, 2000.

Distribution Late Miocene (late Turolian MN13) to Early Pleistocene of Eurasia 
and possibly in Morocco.

Trischizolagus dumitrescuae Radulesco and Samson, 1967

Type Material IS 6001 (holotype), partial right mandible with p3–m1.

Type Locality Mălusteni, Iaşy Region, Romania, Lower Pliocene.

Distribution Late Miocene to early Pliocene of Eurasia.

Remarks T. dumitrescuae is large, with a mesoflexid that transforms into an 
enamel islet with wear, well-developed hypoflexid and a tetralobed and elongated 
trigonid on the p3, and one- to threefold on the anterior wall of the P2 (Koufos and 
Koliadimou 1993; Averianov 1995). The material from the Pliocene locality Megalo 
Emvolon 1 (= Karaburun), consisting of two partial maxillae with all cheek teeth, 
one partial left mandible with p4–m2, one partial left mandible with p3–m3, and 
one left lower incisor (Fig.  5), has clear morphological and metrical similarities 
with the type material from Mălusteni and is thus attributed to T. dumitrescuae 
(Koufos and Koliadimou 1993).

★Trischizolagus maritsae De Bruijn, Dawson and Mein, 1970

Type Material No. 1301, right jaw with p3–m3 (holotype), Department of Earth 
Sciences of the University of Utrecht, the Netherlands (de Bruijn et  al. 
1970:Pl. 10.5).

Type Locality Maritsa 1, Rhodes Island, Greece, Upper Miocene [Turolian 
(MN13); Hordijk and de Bruijn 2009].

Distribution Latest Miocene (late Turolian) to early Pliocene of S Europe and 
Afghanistan.

Remarks De Bruijn et al. (1970) created this species with the following diagnostic 
dental features: P2 with one persistent anterior fold, upper molariform teeth with 
only slightly folded walls of the hypostria, p3 with antero-external anterior and 
antero-internal folds on the trigonid and a postero-external fold between the trigo-
nid and the talonid, presence of a postero-internal fold (mesoflexid) on unworn p3 
and absence or presence of a transversely short postero-internal fold on worn p3 
(Fig. 6). The type locality has yielded, apart from the holotype, six p3, two lower 
molariform teeth,  one upper incisor,  two P2, 11 upper molariform teeth, and 13 
deciduous teeth. T. maritsae suggested as smaller than T. dumitrescuae and has a 
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Fig. 5 Trischizolagus dumitrescuae from Megalo Emvolon 1. a right maxillary fragment with 
P2–M3, b left mandibular fragment with p4–m2, c left mandibular fragment with p3–m3. Drawings 
courtesy of K. Koliadimou. Scale bar equals 5 mm

weaker postero-internal fold on the p3, a feature interpreted as a primitive character 
for Trischizolagus (de Bruijn et al. 1970:574–575). One leporid partial left maxilla 
with P4–M2 from Megalo Emvolon 1, referred by Koufos and Koliadimou (1993) 
to as T. cf. maritsae, along with previous reports of the taxon from the same site 
(Steffens et al. 1979) needs further investigation.

Oryctolagus Lilljeborg, 1873

Type Species Lepus cuniculus Linnaeus, 1758.

Other Taxa Included (extinct) O. lacosti (Pomel, 1853); O. laynensis López 
Martínez, 1977; O. burgi Nocchi and Sala, 1998; O. giberti de Marfà, 2008.

Distribution Pliocene to Present of Europe.

Oryctolagus laynensis López Martínez, 1977
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Type Material LAY 3071 (holotype), partial skull with teeth, Lucas Mallada 
Institute (López Martínez 1977:Pl. 1.1).

Type Locality Layna, Soria, Spain, Lower Pliocene [Ruscinian (MN15)].

Distribution Pliocene to Early Pleistocene of Europe (Spain, France, Greece).

Remarks The dental diagnostic features include the following: size similar to that 
of the extant subspecies O. c. cuniculus and larger than O. c. alqirus; the lower den-
tal elements similar to those of O. cuniculus; the p3 has a large labial anteroconid, 
similar in size to the protoconid; the m2 and M2 have size similar to that of the m1 
and M1, as in Lepus; the m3 and M3 are better developed than in Oryctolagus and 
Lepus; the upper teeth have an hypoflexus that extents in less than half the crown 
width, either smooth or crenulated only in the anterior part; the P2 has a very weak 
hypoflexus, a lagicone equal to or smaller than the mesial hypercone (López 
Martínez 1977). Oryctolagus cf.  laynensis is reported from Megalo Emvolon 1 
(Steffens et al. 1979), but no details are known.

Oryctolagus lacosti (Pomel, 1853)

Nomenclatural History Pomel did not give description, holotype or figures for 
O. lacosti; de Marfa and Mein (2007) designated a lectotype and gave a diagnosis.

Type Material FSL-211646 (lectotype), palate with both upper dental rows (P2- 
M2), Univ. Claude-Bernard, Lyon, France (de Marfa and Mein 2007:Fig. 2a).

Fig. 6 Trischizolagus maritsae from Maritsa 1 (type locality). a right mandibular fragment with 
unworn p3–m3 (holotype), b right p3 (unworn), c right p3, d left I1, e right P2 (unworn), f left 
upper molariform tooth. Drawings courtesy of H. de Bruijn
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Type Locality Perrier-Étouaires, Auvergne France, Upper Pliocene [early 
Villafranchian (MN16)].

Distribution Late Pliocene to Middle Pleistocene of Europe.

Remarks Following the lectotype designation, O. lacosti is diagnosed as a large 
rabbit (size similar to that of modern Lepus), the ratio of the palatal bridge length to 
the choanas width is above 0.75, the mental foramen of the mandible is large and 
very close to the p2, the p3 shows a deep anteroflexid that penetrates vertically the 
tooth anterior border (de Marfa and Mein 2007). A rich material of O. lacosti cranial 
and postcranial elements has been found in Alikes (Athanassiou 1998; Fig. 7). The 
dimensions of the Alikes elements are similar to those of O. lacosti from various W 
European localities, and the morphology of the p3 (the hypoflexid runs almost 
across the entire tooth, whereas the protoflexid is well developed and the posterior 
wall of the trigonid is crenulated) is similar with that of the p3 from Saint-Vallier 
attributed to O. lacosti by Viret (1954) (Athanassiou 1998).

Lepus Linnaeus, 1758

Type Species Lepus timidus Linnaeus, 1758 (extant mountain hare).

Other Taxa Included The genus Lepus includes 32 extant species (MacDonald 
2009), some of which have been found in Pleistocene-Holocene fossil and subfossil 
assemblages (e.g., L. timidus, L. europaeus Pallas, 1778). Extinct species: L. valdarn-
ensis Weithofer, 1889; L. wongi Young, 1927; L. terraerubrae Kretzoi, 1956; 
L. tanaiticus Gureev, 1964; L. qinhuangdaoensis Wang et  al., 2010; L. teilhardi 
Zhang, 2010; L. ziboensis Zhang, 2010.

Distribution Widespread today in Africa, Eurasia, North America, and the 
Japanese archipelago. Early Lepus has been found in the Early Pleistocene of 
Eurasia.

Fig. 7 Oryctolagus lacosti from Alikes. a right P2, b right p3, Drawings courtesy of A. Athanassiou. 
Scale bar equals 1 mm
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Remarks Three partial upper cheek teeth from Arnissa have been attributed to 
Lepus sp. by Mayhew (1978). Lepus sp. is also present in the faunal list of 
Tourkobounia 5 (Reumer and Doukas 1985). Chatzopoulou (2014) assigned six 
lower incisors, six p3, two upper incisors, and two P2 from Loutra Almopias Cave 
LAC and LAC Ia (Fig. 8) to Lepus europaeus (including L. cf. europaeus). The 
locality Loutra Almopias Cave LAC Ia also yielded two p3, one upper incisor, and 
one P2 of L. timidus (including L. cf. timidus) (Chatzopoulou 2014). The rest of 
the leporid material from Loutra Almopias Cave LAC and LAC Ia (three P2, two 
partial maxillae, one humerus, and one partial tibia), which shows no diagnostic 
features, has been assigned to Lepus sp. (Chatzopoulou 2014).

Lepus terraerubrae Kretzoi, 1956

Type Material See Kretzoi 1956:167.

Type Locality Beremend 9, Hungary, early Middle Pleistocene.

Distribution Middle Pleistocene of Europe.

Fig. 8 Lepus timidus from Loutra Almopias Cave LAC. a right I1, b right p3. Lepus europaeus 
from Loutra Almopias Cave LAC. c right I1, d left I1, e right P2, f left P2, g right i1, h left i1, i left 
p3, j left p3, k left p3, l right p3. Drawings courtesy of K. Chatzopoulou. Scale bar equals 1 mm
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Remarks Several leporid dental elements (two semi-adult i1, seven p3, three semi-
adult I1, 13 P2, and several molariform cheek teeth) from Tourkobounia 2 have been 
referred to as L. terraerubrae (van der Meulen and Doukas 2001), but as the taxo-
nomic status of the species is questionable (Čermák, pers. com), further analysis 
is needed.

6  Concluding Remarks

The lagomorph record of Greece is far from complete, as remains of the order have 
been found only in a few micromammalian localities and, most times, the material 
does not include diagnostic dental elements. However, one new genus, Albertona, 
and two new species, Albertona balkanica and Trischizolagus maritsae, have been 
described from Aliveri and Maritsa 1, respectively. Furthermore, the Ochotona 
record in Maritsa 1 (Rhodes Island) represents the most southern European occur-
rence of the genus during the Pliocene. The distribution of fossil lagomorphs in 
Greece vaguely follows the general pattern in the evolution of the order: during the 
early to middle Miocene, it is represented only by ochotonids (Albertona, Alloptox, 
Prolagus), usually with one or, rarely, two species per locality. Leporids appear in 
the Greek fossil record during the middle to late Turolian, with Alilepus, 
Trischizolagus, and possibly Pliopentalagus. However, and in contrast with the 
European fossil record, Upper Miocene to Pliocene Greek localities reveal either 
only ochotonids or one ochotonid and one leporid. This situation clearly changes in 
the Pleistocene: the faunas include only leporids, and only in the Late Pleistocene 
the ochotonids make one small return with the extant steppe pika O. pusilla.
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Appendix

Occurrences of hares, rabbits, and pikas in Greece. Locality numbers refer to the collection num-

bers of the PaleoBiology Database (PBDB). Type localities are marked with boldface

LocalityPBDB No Age (MNQ/MN) Identification

Loutra Almopias Cave 
LAC Ia204954

Younger Dryas (13,000–14,500 BP) Ochotona pusilla1,
Lepus europaeus1,
Lepus timidus1

Arnissa204957 Late Pleistocene [penultimate interglacial 
(Eemian) age]

Ochotona pusilla2,
Lepus sp.2

Loutra Almopias Cave 
LAC203847

Middle Würm (42,500 BP) Ochotona pusilla1,
Lepus europaeus1

Apollonia 134784 Pleistocene (MNQ20) Leporidae indet.3

Ravin Voulgarakis34783 Pleistocene (MNQ20) Leporidae indet.3

Alikes34782 Early Pleistocene, Biharian (?MNQ19) Oryctolagus lacosti4

Tourkobounia-534592 Early Pleistocene, Biharian Lepus sp.5

Tourkobounia-334592 Early Pleistocene, Biharian Leporidae indet.5

Tourkobounia-234767 Early Pleistocene, Biharian (MNQ19) Lepus terraerubrae6

Megalo Emvolon 136579 Pliocene, late Ruscinian (MN15) Trischizolagus cf. 
maritsae7,
Trischizolagus 
dumitrescuae7,
Oryctolagus cf. 
laynensis8

Apolakkia-234607 Pliocene, late Ruscinian (MN15) Ochotonoma sp.9–12

Agios Ioannis (Karpathos 
Island)205291

Pliocene, early Ruscinian Prolagus cf. 
michauxi13

Ptolemais 135086 Pliocene, uppermost part of the early 
Ruscinian (MN14, ~5.04–4.95 Ma in Hordijk 
and de Bruijn 2009)

Prolagus michauxi14

Spilia 031931 Pliocene, early Ruscinian (MN14, ~5.23–
4.95 Ma in Koufos and Vasileiadou 2015)

Prolagus 
michauxi15,
Alilepus turolensis15

Spilia 131229 Pliocene, early Ruscinian (MN14, ~5.23–
4.95 Ma in Koufos and Vasileiadou 2015)

Prolagus 
michauxi15,
Alilepus turolensis15

Nea Silata191612 Miocene/Pliocene, Turolian/Ruscinian, 
(MN13/14, ~5.4–5.23 Ma in Koufos and 
Vasileiadou 2015)

Prolagus 
michauxi16–17,
Leporidae indet.16–17

Maramena32189 Miocene/Pliocene, Turolian/Ruscinian, 
(MN13/14, ~5.4–5.23 Ma in Koufos and 
Vasileiadou 2015)

Prolagus cf. 
sorbini18,
Alilepus turolensis18

Ano Metochi 231924 Miocene/Pliocene, Turolian/Ruscinian, 
(MN13/14, ~5.4–5.23 Ma in Koufos and 
Vasileiadou 2015)

Prolagus michauxi15

Ano Metochi 331928 Miocene/Pliocene, Turolian/Ruscinian, 
(MN13/14, ~5.4–5.23 Ma in Koufos and 
Vasileiadou 2015)

Prolagus michauxi15
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LocalityPBDB No Age (MNQ/MN) Identification

Kessani-1205296 Miocene/Pliocene, Turolian/Ruscinian, 
(MN13/14, ~5.4–5.23 Ma in Koufos and 
Vasileiadou 2015)

Prolagus 
michauxi19–21,
Leporidae 
indet.119–21

Kessani-2205297 Miocene/Pliocene, Turolian/Ruscinian, 
(MN13/14, ~5.4–5.23 Ma in Koufos and 
Vasileiadou 2015)

Prolagus 
michauxi19–21,
Leporidae indet.19–21

Maritsa 168046 Late Miocene, Turolian (MN13 in Hordijk 
and de Bruijn 2009)

Ochotona sp.22,
Trischizolagus 
maritsae22

Monasteri31940  Late Miocene, Turolian, uppermost (MN13, 
~5.96–5.33 Ma in Koufos and Vasileiadou 2015)

Prolagus sp.15

Paliambela-A205335 Late Miocene, Turolian, uppermost (MN13, 
~5.96–5.33 Ma in Koufos and Vasileiadou 2015)

Prolagus sp.23–24

Lava 2205341 Late Miocene, late Turolian (MN13, ~6.8 Ma) Pliopentalagus sp.25

Rema Marmara32190  Late Miocene, middle/late Turolian, (MN12; 
tentatively)

Prolagus michauxi15

Elaiochoria Late Miocene, Turolian cf. Alilepus 
turolensis27

Pikermi - Chomateri68214  Late Miocene, Turolian (MN12) Prolagus cf. 
crusafonti26,
Alilepus sp.26

Lefkon31223 Late Miocene, latest Vallesian (MN10) Prolagus sp.15

Katheni207011 Late Miocene, Vallesian Prolagus sp.28

Vryses207012 Late Miocene, Vallesian or Turolian Prolagus sp.29

Chryssavgi 1205366 Middle Miocene, late Astaracian (MN7&8 in 
Koufos 2006)

Alloptox aff. 
anatoliensis3,8,
Prolagus n. sp.3

Thymiana C205390 Middle Miocene, Orleanian (MN5, ~15.5 Ma, 
interval of Chrons C5Bn.1n– C5Cr in Koufos 
2006)

Alloptox sp.30

Thymiana A205389 Middle Miocene, Orleanian (MN5, ~15.5 Ma, 
interval of Chrons C5Bn.1n– C5Cr in Koufos 
2006)

Alloptox sp.30

Antonios73861 Early Miocene, Orleanian (MN4/5) Alloptox 
anatoliensis31,
Prolagus sp.31

Aliveri68032 Early Miocene, Orleanian (MN4, 18–17.5 Ma 
in van den Hoek Ostende et al. 2015)

Albertona 
balkanica32

MN Mammal Neogene Zone, MNQ Mammal Quaternary Zone
1Chatzopoulou (2014), 2Mayhew (1978), 3Koliadimou (1996), 4Athanassiou (1998), 5Reumer and 
Doukas (1985), 6van der Meulen and Doukas (2001), 7Koufos and Koliadimou (1993), 8Koufos 
(2006), 9van de Weerd et al. (1982), 10Şen (1998), 11Čermák (2007), 12Čermák (2010), 13Daams and 
van de Weerd (1980), 14van de Weerd (1979), 15de Bruijn (1989), 16Vasileiadou (2001), 17Vasileiadou 
et  al. (2003), 18de Bruijn (1995), 19Syrides et  al. (1997), 20Konidaris (2005), 21Vasileiadou et  al. 
(2012), 22de Bruijn et  al. (1970), 23Sylvestrou (2002), 24Sylvestrou and Kostopoulos (2007), 25de 
Bruijn et al. (1999), 26López Martínez (1976), 27Hulva et al. (2007), 28Katsikatsos et al. (1981), 29van 
der Made (1996), 30de Bonis et al. (1997), 31Vasileiadou and Koufos (2005), 32López Martínez (1986)
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1  Introduction

The family Cercopithecidae or “Old World monkeys” are known from Oligocene up 
to now with representatives distributed in the Old World, from the Iberian Peninsula 
(Gibraltar) to Eastern Asia (Japan) and Africa. In Europe, the family is known 
mainly from the fossil record, although an extant group of macaques still survives 
in Gibraltar. The family includes 22 genera and 133 living species including 
baboons, macaques, mandrills, guenons, colobus, etc. Jablonski (2002) refers to 19 
extant and 25 extinct genera; only twelve of the living genera are present in the fos-
sil record. They are living in a variety of environments from rain forests to savanna 
type ones and high mountainous terrains; one macaque species is adapted to the 
cold and snowy regions of northern Japan. All species have tail and their size varies 
from medium to large; their length (body and head) varies from 34 to 37 cm up to 
70 cm and their body weight from ~1.3 to 50 kg.

The cercopithecids have a robust skull with strong sagittal crest; in some species 
(e.g., baboons) the muzzle is elongated. The elongated palate reaches beyond the 
M3. The tympanic bullae are small with eustachian tube. The dentition consists of 
32 teeth (dental formula 2, 1, 2, 3/2, 1, 2, 3); the first incisors are wide and shovel 
like; the upper canines are relatively large; the upper premolars are D-shaped with 
straight buccal face and bear a high paracone (buccal cusp) and a variable in size 
protocone (lingual cusp); the molars bear four cusps(−ids) on their occlusal surface 
linked by transverse loph(−ids) and forming three foveae; a fifth cuspid (hypoconu-
lid) is often present in the m3, situated on the distal shelf; this bunolophodont fea-
ture of the molars represents an adaptation to their diet (leaves and fruits). The Old 
World monkeys are separated into two subfamilies, Colobinae and Cercopithecinae. 
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The subfamily Victoriapithecinae, which was previously included in Cercopithecidae 
and contains only fossil forms, is now upgraded to the separate family 
Victoriapithecidae. All information of the introduction were taken from Szalay and 
Delson (1979) and Myers (2000). More data for the fossil Old World monkeys are 
given in Delson (1973), Szalay and Delson (1979), Benefit and McCrossin (2002), 
and Jablonski (2002).

2  Historical Overview

The fossil record of the cercopithecids is quite rich and widespread in the late 
Miocene to Early Pleistocene deposits of Greece. The most common taxon is the 
colobine monkey Mesopithecus discovered in several Greek fossiliferous sites. It 
was originally recognized from Pikermi, about 20 km from Athens. Two Bavarian 
soldiers, who were in Greece, following the first king Otto, were hunting in the area 
of Pikermi in 1838, and they found a block with some fossil bones. Some calcite 
crystals, deposited inside the bone, aroused their interest by thinking that they are 
diamonds. The block was carried in Munich and given to Prof. Wagner, who recog-
nized the fossils. Among them there was the maxilla of a monkey, which then was 
described by him (Wagner 1839). Earlier in 1835, Finlay and Lindermayer found 
some fossils in Pikermi and gave them to the Physiographic Society of Greece, but 
nobody took care for them.

The discovery of Pikermi brought many palaeontologists in Athens who worked 
there collecting fossils for their museums and institutes (Wagner, Gaudry, 
Woodward, Abel, etc.). The Pikermi collection of Mesopithecus is the richest 
including numerous remains corresponding to ~100 individuals; they are housed in 
various European museums and institutes. Quite later, the French geologist 
Arambourg discovered a number of localities in the lower Axios Valley, near 
Thessaloniki and collected numerous fossils, including Mesopithecus; all the mate-
rial was described later by Arambourg and Piveteau (1929). During the new excava-
tions in Axios valley (1973–present), new remains of Mesopithecus have been found 
in the various fossiliferous horizons of the area (Bonis et al. 1990). Mesopithecus is 
also recognized in several localities of northern and central Greece. The Greek 
material of Mesopithecus has been studied by various authors since the middle of 
the nineteenth century. Besides the initial publication of Wagner (1839), 
Mesopithecus material has been studied by several other palaeontologists, including 
Gaudry (1862–67); Delson (1973), Bonis et  al. (1990), Zapfe (1991), Koufos 
(2009a), Tsoukala and Bartziokas (2008), and Lazaridis et al. (2018). The cercopi-
thecids Dolichopithecus, Paradolichopithecus, and Macaca have been also discov-
ered in Greece, enriching the cercopithecid fossil record. Dolichopithecus was 
discovered in Greece at the beginning of the 1990s (Koufos et al. 1991) and later 
was recognized in Western Macedonia (Doukas and de Bruijn 2002). The first 
occurrence of Paradolichopithecus in Greece was traced in Lesvos Island (de Vos 
et al. 2002) and recently it has been recognized in Western Macedonia (Kostopoulos 
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et al. 2018) as well. The genus Macaca is only known from a fissure filling near 
Athens by a few dental remains (Symeonidis and Zapfe 1976).

3  Phylogenetic Relationships

The extensive study of the living Old World monkeys gave important information 
for their evolution and ecology. On the other hand, the rich African fossil record 
provided a great amount of morphological and genetic information. All these data 
provided a good knowledge for their origin and evolutionary history. The ancestral 
group of the Old World monkeys is the family Victoriapithecidae (this family was 
considered for a long time as a subfamily of the Cercopithecidae). Victoriapithecids 
are known from the middle Miocene of Africa, more exactly between 19.0 and 
12.5 Ma, although there is evidence for their presence in the uppermost Oligocene 
at ~25.0 Ma as well (Frost 2017). The earliest known evidence of Cercopithecidae 
is traced from Tugen Hills, Kenya, dated at 12.5 Ma (Rossi et al. 2013). The first 
known evidence for the presence of the cercopithecids in Europe is traced in the 
upper part of late Miocene. Most authors refer a single tooth of Mesopithecus from 
the Vallesian (MN9) locality of Wissberg, Germany, as the oldest known evidence 
of the cercopithecids in Europe. However, the stratigraphic position of this speci-
men is doubtful and probably is the result of a mixing of the material (Andrews 
et al. 1996). In Asia, the known evidence suggests that the cercopithecids appeared 
at the middle Turolian with Mesopithecus. This genus is present in the old collection 
of Mecquenem (1924), housed in the Museum national d’Histoire naturelle of Paris, 
dated mainly at the middle Turolian (MN12) without excluding the possibility to be 
extended in the upper part of early Turolian (Kostopoulos and Bernor 2011); how-
ever the Mesopithecus mandible from Maragheh has some similarities to M. delsoni 
from Axios Valley and it is quite possible to originate from older levels (Bonis et al. 
1990). The known data suggest that the first presence of cercopithecids in Eurasia is 
certainly documented from the early Turolian of Greece; Mesopithecus is present in 
the locality Nikiti 2, dated at the beginning of Turolian (MN11) between 8.7 and 
8.2 Ma (Koufos 2016). Mesopithecus survived in Europe until the early Pliocene. At 
the same time, various forms related to Dolichopithecus appeared in Asia and 
Europe. These forms are related to the modern Rhinopithecus or to some 
African forms.

Molecular studies suggest that the divergence of the recent Cercopithecinae from 
Colobinae is estimated between 17.6  Ma and 14.5  Ma and the origin of crown 
Cercopithecinae is around the beginning of late Miocene or 11.5 Ma (Ting 2008; 
Perelman et  al. 2011). However, the oldest known cercopithecines appeared at 
~7.4 Ma in East Africa (McDougall and Feibel 2003; Leakey et al. 2003). The cer-
copithecines are quite rare in the fossil record and the first evidence of their pres-
ence out of Africa is a single tooth of a guenon (Cercopithecini sp. indet.) from Abu 
Dhabi, Arabia, dated from 8.5 to 6.0 Ma (Gilbert et al. 2014). After a long gap in the 
fossil record, the first cercopithecines migrated to Eurasia with the genus Macaca 
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that occurred in Eurasia at ~6.0–5.0 Ma and is recognized in Spain and Italy (Delson 
et al. 2000; Alba et al. 2014).

As mentioned above, the Old World monkeys are abundant at present, the num-
ber of which exceeds remarkably that of the fossil ones. The fossil record of the Old 
World monkeys is rich in the early–middle Miocene Victoriapithecidae, whereas 
there is a rich amount of fossils from late Miocene to Pleistocene. Besides their rela-
tive abundance and the extensive studies on the modern monkeys, the phylogenetic 
relationships between the extant and extinct taxa are poorly known. Since the 1970s, 
several studies and attempts have been proposed to determine the relationships 
between them, but the results are doubtful. A recent cladogram for the relationships 
of the Old World monkeys (Fig. 1) is proposed by Fleagle (2013), which explains 
their relationships based on the available data, at that time.

4  Distribution

The fossil cercopithecids were widely distributed in the Old World with several fos-
sils from various regions. In Greece, they have also been common, especially in the 
late Miocene deposits (Fig. 2). The colobine Mesopithecus is the first cercopithecid, 
recognized in Greece with M. pentelicus in Pikermi and then it was discovered in 
several fossiliferous sites. The oldest occurrence of the genus is traced at the begin-
ning of the Turolian from Nikiti 2, dated between 8.7 and 8.2 Ma (Koufos 2016). 
The dimensions of the available metapodials, from Nikiti 2, are closer to those of 
M. delsoni, but the poor material cannot allow a definite attribution. The species 
M. delsoni is only recognized from Ravin des Zouaves 5  in Axios Valley (GPTS 
age: ~8.2 Ma; Sen et al. 2000). This species is larger than the typical M. pentelicus 

Fig. 1 Cladogram of extant and fossil Old World monkeys. (Modified from Fleagle 2013)
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from Pikermi (age of the Pikermi fossiliferous beds 7.25–7.10 Ma; Böhme et al. 
2017). In the meantime, Mesopithecus is represented by an intermediate morphot-
ype between M. delsoni and M. pentelicus; this morphotype is known from 
Vathylakkos 1 and 3  in Axios valley (GPTS age: ~7.3  Ma; Sen et  al. 2000 and 
Koufos 2006) and from Perivolaki in Thessaly (GPTS age: 7.3–7.1  Ma; Koufos 
et al. 2006). During late Turolian, MN13, M. pentelicus, and M. monspessulanus 
were recognized by some remains from the three Dytiko localities in Axios Valley 
(late Turolian, MN13, 7.0–6.0 Ma; Koufos and Vasileiadou 2015; Koufos 2019a, b). 

Fig. 2 Map of Greece showing the geographic distribution of the most important localities with 
Old World monkey fossils. 1, Tourkovounia 2; 2, Vatera-F; 3, Dafnero 3; 4, Ptolemais basin; 5, 
Megalo Emvolon 1; 6, Maramena; 7, Dytiko 3; 8, Dytiko 2; 9, Dytiko 1; 10, Kryopigi; 11, 
Chomateres; 12, Pikermi; 13, Vathylakkos 3; 14, Vathylakkos 2; 15, Perivolaki; 16, Nikiti 2; 17, 
Ravin des Zouaves 5; 18, Ravin X. See Appendix for more information. Image exported from 
Google Earth Pro © 2019, map data from US Dept. of State Geographer, SIO, NOAA, U.S. Navy, 
NGA, GEBCO, image from Landsat/Copernicus. Scale bar equals 80 km, north faces upward
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Besides these occurrences, M. pentelicus is recognized from the localities Kryopigi, 
dated at 7.3–6.4 Ma (Lazaridis 2015), and Maramena, dated at the Miocene/Pliocene 
boundary (Kullmer and Doukas 1995). In conclusion, Mesopithecus presents a con-
tinuous presence in the Turolian deposits of Greece from 8.7 Ma to 5.3 Ma (see 
below). During this period, Mesopithecus size decreases gradually and reaches its 
smaller size in the Pliocene with M. monspessulanus. The latter taxon is mainly 
known from Western Europe, but it is traced in the Pliocene of neighboring Bulgaria 
together with Dolichopithecus ruscinensis (Delson et  al. 2005). Dolichopithecus 
ruscinensis has been recognized from two Greek Pliocene localities of Greece. 
Paradolichopithecus has been originally described from Lesvos Island and was later 
discovered in Western Macedonia, while Macaca is only found near Athens. The 
geographic and temporal distribution of the Greek cercopithecids is given in the 
Appendix and Fig. 2.

5  Systematic Paleontology

Cercopithecidae Gray, 1821
Colobinae Jerdon, 1867
Mesopithecus Wagner, 1839

Type Species Mesopithecus pentelicus Wagner, 1839.

Remarks Two metapodials from Nikiti 2  in Chalkidiki have been described as 
Mesopithecus sp.; their dimensions are similar to the large-sized M. delsoni (Koufos 
2016). Among the Arambourg collection of Mesopithecus from Axios Valley, 
housed in the Museum national d’Histoire naturelle of Paris, there is a mandibular 
fragment with symphysis from Ravin-X, which has similarities with M. delsoni, but 
the poor material cannot allow a definite determination and thus it is referred to as 
M. cf. delsoni (Koufos 2009a). The Greek Mesopithecus sample includes some 
maxillary, mandibular, and postcranial remains from Vathylakkos 2, 3 in Axios val-
ley and Perivolaki, in Thessaly, housed in the Museum national d’Histoire naturelle 
of Paris (old Arambourg collection) and in the Laboratory of Geology and 
Paleontology, Aristotle University of Thessaloniki (new collection of Axios and the 
Perivolaki collection) (Figs. 3, 4, 5 and 6). This material represents a morphotype 
intermediate between M. delsoni and M. pentelicus, referred to as M. delsoni/M. pen-
telicus; a similar morphotype has also been recognized in Bulgaria (Koufos et al. 
2003; Koufos 2009a, b). This morphotype is characterized by intermediate size 
between M. delsoni and M. pentelicus, relatively shallow mandibular corpus similar 
to M. pentelicus, high internal cusp (protocone) in the P3 and P4, flattened anterior 
symphysis with symphyseal constriction, slightly inclined backward alveolar plane, 
large fossa genioglossa, strong honing facet in the p3, large hypoconulid with distal 
groove in the m3, similar dental dimensions with M. pentelicus, and longer bones 
than M. pentelicus (Koufos 2009a). Some material from the Miocene/Pliocene 
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locality of Maramena in Serres Basin is also reported as M. pentelicus by Kullmer 
and Doukas (1995), but needs revision.

★Mesopithecus delsoni Bonis et al., 1990

Type Specimen LGPUT-RZO-159 (holotype), mandible of male adult individual 
with both tooth rows, housed in the Laboratory of Geology and Paleontology, 
Aristotle University of Thessaloniki (Fig. 4).

Type Locality Ravin des Zouaves 5, Axios Valley, Macedonia, late Miocene, MN11.

Distribution It is certainly known only from the type locality, but it is probably 
present in Ravin-X of Axios Valley and Nikiti 2 in Chalkidiki (Koufos 2009a, 2016). 

Fig. 3 Selected fossils of the intermediate cercopithecid morphotype between Mesopithecus del-
soni and Mesopithecus pentelicus from Vathylakkos 2, Axios valley, late Miocene (MN12). 
Cranium of a male individual in (a) frontal and (b) ventral views. Cranium of a female individual 
in (c) frontal and (d) ventral views. Scale bar equals 1 cm
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The single known mandible from Maragheh, Iran (Mecquenem 1924) is probably 
similar to this species (Bonis et al. 1990).

Remarks The taxon is known from two male mandibles (Fig. 4) and a mandibular 
fragment of a female individual, characterized by large size (larger than M. penteli-
cus), deep mandibular corpus, flattened anterior symphysis, strong symphysial con-
striction, slightly inclined alveolar plane, large fossa genioglossa, thick inferior 
transverse torus, large honing facet on the p3, and well-developed and bicuspid 
talonid on the m3 (Koufos 2009a, b). These characters separate M. delsoni from the 
typical M. pentelicus from Pikermi. Some authors consider M. delsoni as a synonym 
of M. pentelicus or they refer this as a subspecies of the later taxon. However, its 
morphology and size are quite different from M. pentelicus and allow their separa-
tion (Bonis et al. 1990; Koufos 2009a, b).

★Mesopithecus pentelicus Wagner, 1839

Nomenclatural and Taxonomical History Mesopithecus pentelicus in Wagner 
(1839) (initial identification, new genus and species); the species is referred under 
various generic and specific names, which are all synonyms of the original name.

Type Specimen BSPM-PIK-AS II.11 (holotype) maxillary fragment with M1–M3 
(Wagner 1839), housed in the Bayerische Staatssammlung für Paläontologie und 
Geologie, München, Germany.

Type Locality Pikermi, Attica, Greece, late Miocene, MN12.

Distribution In Greece, M. pentelicus is recognized from Chomateres in Attica, 
Dytiko 1, 3 in Axios Valley and Kryopigi in Chalkidiki. In Eurasia, the species is 
known from Spain, Italy, Germany, Hungary, FYROM, Bulgaria, Ukraine, Iran, 
Afghanistan, Pakistan, and China.

Fig. 4 The holotype of Mesopithecus delsoni from the late Miocene (MN11) of Ravin des Zouaves 
5, Axios Valley. Mandible of a male individual in (a) buccal, (b) occlusal, and (c) external sym-
physial views. Scale bar equals 1 cm
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Remarks Based on the Pikermi collection, the species is medium sized for a colo-
bine monkey, has a short face, sexual dimorphism expressed in the cranium, canines 
and postcranial bones, absent or very small sagittal crest in the females, enlarged 
mandibular angle, shallow mandibular corpus with straight inferior margin between 
the p4 and m3, anteriorly convex symphysis without symphysial constriction, small 
and deeply inclined planum alveolare, absent or weak fossa genioglossa, small 

Fig. 5 Selected specimens of Mesopithecus pentelicus from the late Miocene of Greece. (a) 
Cranium of a male individual in frontal view, (b) cranium of a male individual with associated 
mandible in right lateral view, (c) cranium and associated mandible in left lateral view (photo by 
G. Lazaridis). Mandible of a male individual in (d) occlusal and (e) buccal views. Mandible of a 
female individual in (f) occlusal and (g) buccal views. All specimens are from the late Miocene of 
Pikermi (MN12), except c, which is from the late Miocene (MN12–13) of Kryopigi (Chalkidiki). 
Scale bar equals 1 cm
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 lingual cusp in the P3 and P4, small honing facet on the p3, and small hypoconulid 
on the m3 (Koufos 2009a). The Dytiko M. pentelicus has, at average, somewhat 
smaller dimensions, and narrower lower molars, which are more derived characters 
appeared in M. monspessulanus (Bonis et al. 1990; Koufos 2019a, b).

Mesopithecus monspessulanus Gervais, 1849

Nomenclatural and Taxonomical History Mesopithecus monspessulanus in 
Gervais (1849) (initial identification); Mesopithecus monspessulanus in Trouessart 
(1879) (new combination). The species have been described under various generic 
and specific names till now, more details in Szalay and Delson (1979).

Type Specimen The type material described by Gervais (1849) includes three 
molars, two male lower canines, and the proximal fragment of ulna, but he did not 
designate a type specimen (see details in Delson 1973 and Szalay and Delson 1979).

Type Locality Montpellier (freshwater marls of the foundation of Palais de 
Justice), France, early Pliocene, MN15 (Delson 1973).

Distribution The species is known from France, Germany, Hungary, Romania, 
Bulgaria, and Italy. In Greece, it is known from Dytiko 1 and Dytiko 2 in Axios valley.

Remarks The presence of a small-sized Mesopithecus in Dytiko material (Fig. 6) 
was early recognized by a mandibular fragment from Dytiko 2, which has smaller 
size than the typical M. pentelicus from Pikermi, being closer to M. monspessulanus 
and referred to as M. cf. monspessulanus (Bonis et al. 1990). A reconsideration of 
the Dytiko material indicated the presence of this small-sized form in Dytiko 1 as 
well. The revision of the material indicated the presence of both species M.  pentelicus 

Fig. 6 Selected specimens of Mesopithecus monspessulanus from the late Miocene of Greece. 
Mandible of male individual in (a) buccal and (b) occlusal views, associated maxillary fragment in 
(c) lateral and (d) occlusal views, and associated mandibular fragment in (e) buccal and (f) occlusal 
views. Scale bars equal 2 cm for a, b, c, e and 1 cm for d, f
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and M. monspessulanus in the Dytiko sample. The Dytiko M. monspessulanus rep-
resents the more primitive form of the species (it is slightly larger than the Pliocene 
typical form) and the earliest appearance of the species in Europe (Koufos 2019a, b).

Dolichopithecus Depéret, 1889

Type Species Dolichopithecus ruscinensis Depéret, 1889.

Dolichopithecus ruscinensis Depéret, 1889

Nomenclatural and Taxonomical History Semnopithecus monspessulanus in 
Depéret (1886) (initial identification); Dolichopithecus ruscinensis in (Depéret 
1889) (new species).

Type Specimen MNHN-PER-001 (lectotype), female partial cranium figured by 
Depéret (1889: pl. 1, Figs. 2, 2a) and designated by Delson (1973).

Type Locality Perpignan fossil localities, especially Serrat d’en Vacquer, France, 
early Pliocene (Delson 1973).

Distribution Besides Greece, the species is recognized in Spain, France, Germany, 
Hungary, Bulgaria, and Romania. In Greece, it is known from Megalon Emvolon, 
near Thessaloniki and from Ptolemais Basin in Western Macedonia.

Remarks The species is known from the two mandibular fragments of the same 
individual from Megalon Emvolon (Fig. 7) and two isolated teeth found in Ptolemais 
lignitic deposits. The Megalon Emvolon specimen displays moderate size for a 
colobine monkey, constant mandibular depth, strong sexual dimorphism in the 
canines, strong metaconid and protoconid on the relatively narrow p4, larger mesial 
breadth of the m3 than the distal one of the m2, m3’s hypoconulid between the mid-
line and the line joining the buccal cuspids of the tooth, no clear fifth cuspid on the 
m3’s talonid but there is a cingular elevation indicating its development (Koufos 
et al. 1991).

Cercopithecinae Gray, 1821
Paradolichopithecus Necrasov et al., 1961

Type Species Dolichopithecus arvernensis Depéret, 1929.

Remarks The genus is known from the Early Pleistocene Greek locality Dafnero 
3 by an almost complete cranium, housed in the Laboratory of Geology and 
Paleontology, Aristotle University of Thessaloniki (Fig. 8a). The cranium belongs to 
a female individual and it is characterized by moderately long face, elongated and 
narrow nasal bones, heart-shaped and longer than wide nasal cavity, rounded- 
trapezoidal orbits, small interorbital distance, shallow and straight zygomatic 
arches, small lacrymal fossa completely engulfed by the lacrymal bone, moderately 
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thick supraorbital torus, small and rounded auditory bullae, small occipital con-
dyles, oval foramen magnum, presence of maxillary sinus, small premolar row rela-
tive to the molar one, large protocone on the P3, and strongly flare molars 
(Kostopoulos et al. 2018). The Dafnero skull with a mosaic of outer and inner cra-
nial features resembles both the Chinese Procynocephalus and the Eurasian 
Paradolichopithecus, supporting the idea of their synonymy, but as the known mate-
rial is scarce, it is reported as P. aff. arvernensis, at the moment.

Paradolichopithecus arvernensis (Depéret, 1929)

Nomenclatural and Taxonomical History Dolichopithecus arvernensis in 
Depéret (1929) (initial identification, new species); Paradolichopithecus geticus in 
Necrasov et  al. (1961) (new genus); Paradolichopithecus arvernensis in Delson 
(1973) (new combination).

Type Species Holotype, cranium and associated mandible, housed in the collec-
tions of the University of Lyon.

Type Locality Sénèze, France, Early Pleistocene, MN17.

Distribution In Greece, it is known from the Early Pleistocene locality Vatera, 
Lesvos Island. Besides Greece, the species is also known from Spain, France, and 
Romania.

Remarks The known Greek sample of the taxon includes two mandibles and some 
postcranial remains (Fig. 8b), housed in the museum of the village Vrissa in Lesvos 

Fig. 7 Selected specimens of Dolichopithecus ruscinensis from the Pliocene (MN15) of Megalon 
Emvolon, near Thessaloniki. Mandible of a female individual in (a) occlusal, (b) buccal, and (c) 
lingual views. Scale bar equals 1 cm
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Island (van der Geer and Sondaar 2002; van der Geer and Dermitzakis 2008). The 
main characters of the Greek Paradolichopithecus are the large size, clear sexual 
dimorphism in the canines, large anterior lower teeth, larger labial than lingual cus-
pid on the p4, elongated trigonid of the m3, low relief and presence of a large sixth 
cuspid in the m3 (van der Geer and Dermitzakis 2008).

Macaca Lacépède, 1799

Type Species Simia inuus Linnaeus, 1766.

Remarks In Greece, the genus is known from the Early Pleistocene locality 
Tourkobounia 2 (fissure filling), near Athens. The known material includes four 
isolated teeth (two M1, one M2, and one m1), found during washing process for 
micromammals. According to the original describers, their morphological features 
differ slightly from those of M. florentina and attributed them to this species with 
caution (Symeonidis and Zapfe 1976). However, as the available material is scarce 
it is better to refer them as Macaca sp.

Acknowledgments I would like to thank D. Youlatos for comments that improved this manuscript.

Fig. 8 Selected specimens of Paradolichopithecus from Greece. (a) Paradolichopithecus aff. 
arvernensis from the Early Pleistocene (MN17) of Dafnero 3 (Grevena basin), cranium of female 
individual in left lateral view. Scale bar equals 1 cm. (b) Paradolichopithecus arvernensis from the 
Early Pleistocene (MN17) of Vatera (Lesvos Island), two mandibles and a humerus (not in scale). 
Photo provided by G. Lyras
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 Appendix

List of Greek localities containing old world monkey fossils. Type localities are marked with bold. 

Locality numbers refer to the collection numbers of the PaleoBiology Database (PBDB) 

LocalitiesPBDB No Age (MN; GPTS in Ma) Taxon

Tourkovounia 234767 Latest Villafranchian (?MNQ19) Macaca sp.1

Vatera F 183341 Middle Villafranchian (MN17) Paradolichopithecus arvernensis2

Dafnero 3193513 Middle Villafranchian (MN17) Paradolichopithecus aff. 
arvernensis3

Ptolemais Basin Ruscinian (MN14–15) Dolichopithecus ruscinensis4

Megalo Emvolon 1214080 Ruscinian (MN15) Dolichopithecus ruscinensis5

Maramena32189 Miocene/Pliocene (MN13/14) Mesopithecus sp.6

Dytiko 332376 Late Turolian (MN13) Mesopithecus pentelicus7

Dytiko 232375 Late Turolian (MN13) Mesopithecus monspessulanus7

Mesopithecus pentelicus7

Dytiko 132374 Late Turolian (MN13) Mesopithecus monspessulanus7

Mesopithecus pentelicus7

Kryopigi157582 Middle-late Turolian (MN13; 
7.3–6.4)

Mesopithecus pentelicus8

Chomateres195562 Middle Turolian (MN12) Mesopithecus pentelicus9

Pikermi182754 Middle Turolian (MN12; 
7.3–7.1)

Mesopithecus pentelicus10

Vathylakkos 3182750 Middle Turolian (MN12; ~7.3) Mesopithecus sp.11,*

Vathylakkos 2202703 Middle Turolian (MN12; ~7.3) Mesopithecus sp.12,13,*

Perivolaki194879 Middle Turolian (MN12; 7.3–7.1) Mesopithecus sp.14,*

Nikiti 273869 Early Turolian (MN11; 8.7–8.2) Mesopithecus sp. 15,**

Ravin des Zouaves 
5195489

Early Turolian (MN11; ~8.2) Mesopithecus delsoni16

Ravin X182745 ?Early Turolian Mesopithecus cf. delsoni17

GPTS Geomagnetic Polarity Time Scale
*Intemediate morphotype between M. delsoni and M. pentelicus
**Size closer to M. delsoni
1Symeonidis and Zapfe (1976), 2de Vos et al. (2002), 3Kostopoulos et al. (2018), 4Doukas and de 
Bruijn (2002), 5Koufos et al. (1991), 6Kullmer and Doukas (1995), 7Koufos (2019a, b), 8Tsoukala 
and Bartziokas (2008), 9Zapfe (1991), 10Wagner (1839), 11Arambourg and Piveteau (1929), 
12Koufos et  al. (1991), 13Koufos et  al. (2004), 14Koufos (2006), 15Koufos (2016), 16Bonis et  al. 
(1990); 17Koufos (2009a, b)
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1  Introduction

The hominoids represent a group of catarrhine primates, including humans, their 
fossil ancestors, and the anthropoid apes. The fossil hominoids are known from 
Africa, Asia, and Europe and constitute a group that is assumed to include the com-
mon ancestor of humans and extant great apes. Therefore, each fossil remain of this 
group is of special importance for human evolution. The hominoids were wide-
spread in the Old World expanding from Spain to China/Thailand and from Germany 
to Namibia. Temporarily, extended from the Oligocene of Africa (Aegyptopithecus, 
Kamoyapithecus) to the Pleistocene of China (Gigantopithecus), the bulk of their 
fossil remains come from the Miocene, and thus this group is often referred infor-
mally as “Miocene hominoids”. At present, hominoids are absent in Europe, but 
they are present in Africa and Asia; gorillas and chimpanzees are living in Africa 
and orangutans in Asia.

The hominoids are relatively rare (~13 genera) in the late Oligocene and early 
middle Miocene (from 25.0 to ~15.0 Ma) deposits, restricted in Africa and Arabia 
with the genera Proconsul and Ekembo, being the most common and better known. 
These primitive hominoids were quadrupedal, arboreal, fruit, and/or leaf-eaters and 
characterized by a quite variable body mass, from ~3 to ~80 kg (Pilbeam 2002). 
During the late middle Miocene, the hard-object eater, Kenyapithecus from Kenya 
seems to have migrated in Eurasia. The late Miocene hominoids of Africa are poorly 
represented in relation to those of Eurasia. However, some important hominoids like 
Sahelanthropus and Orrorin have been discovered from the Late Miocene deposits 
of Tchad (7.0–6.0 Ma) and Kenya (~6.0 Ma), respectively (Senut et al. 2001, Brunet 
et  al. 2002). In the middle Miocene, the story of hominoid evolution moved to 
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Eurasia. The first known African immigrants to Eurasia were Griphopithecus and 
Kenyapithecus found in the middle Miocene (Andrews et  al. 1996, Kelley et  al. 
2008). The hominoids are strongly diversified in Europe with the occurrence of 
several taxa (>10 genera), which survived until the latest Miocene. Among them, 
Pierolapithecus and Hispanopithecus from Spain, Dryopithecus from France and 
Germany, Oreopithecus from Italy, Rudapithecus from Hungary, and Ouranopithecus 
from Greece are important and directly relevant for understanding the evolution of 
the human clade. The main goal of this chapter is to summarize the fossil record of 
the Miocene hominoids from Greece, whereas the Greek hominins are presented in 
another chapter (Harvati this volume).

2  Historical Overview

In Greece the first hominoid fossils, though discovered in 1944, remained unknown 
since the beginning of the 1970s. They were found in the fossiliferous site, named 
Pyrgos Vassilissis near Athens. The collected material includes some mammal 
remains among which there is an almost toothless mandible (see below). The fossils 
were discovered, during the constructions in the garden by the German army in the 
World War II and were carried to Germany and given to the University of Erlangen. 
Prof. Freyberg studied them and attributed the primate mandible to Mesopithecus 
pentelicus (Freyberg 1951). Quite later, von Koenigswald (1972) described the 
mandible, as belonging to a new hominoid, named Graecopithecus freybergi. 
Recently, the Pyrgos Vassilissis fauna was revised, and there is an updated faunal 
list and age, recognizing Graecopithecus as a separate taxon (Böhme et al. 2017, 
Fuss et al. 2017). Since the 1970s, several remains of Ouranopithecus have been 
found in Axios Valley and Chalkidiki Peninsula, Macedonia, Greece (Bonis et al. 
1974, 1990; Koufos 1993, 1995 and references therein).

3  Phylogenetic Relationships

The origin of the hominoids should be found among the Oligocene primates, but 
there are different opinions about the possible candidate. The Oligocene 
Aegyptopithecus (35.0–32.0  Ma) from Fayum in Egypt, though it shares some 
derived features with Proconsul (Simons 1965), there are not clear evidence linking 
the two taxa, and there is a long age gap (~10.0 Ma) between them. The Oligocene 
Kamoyapithecus from Kenya (~25.0 Ma) with primitive morphology and fragmen-
tary material fails to fall among the Hominoidea in a quantitative cladistic analysis 
(Begun 2014). Stevens et  al. (2013) proposed Rukwapithecus from Tanzania 
(25.2 Ma) as the oldest ape and classified it among the nyanzapithecines. Begun 
(2014) did not agree with this hypothesis because he considered a possible synon-
ymy with Kamoyapithecus and that it is premature to consider nyanzapithecines and 
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Rukwapithecus as more closely related to the middle Miocene and later hominoids 
than Proconsul. The early Miocene African primate taxa (e.g., Morotopithecus, 
Limnopithecus, Kalepithecus) could be related with hominoids, but they cannot pro-
vide certain evidences because of their limited known material and its 
preservation.

The African genus Proconsul (early Miocene, 21.0–19.0  Ma; Begun (2014), 
although the existing controversies, preserves a set of characters linking it with the 
Miocene hominoids and with the extant great apes and humans. Besides Proconsul, 
other proconsulids, like Afropithecus, Morotopithecus, etc., share some derived fea-
tures with the later and extant hominoids, but most of them are poorly represented 
in the fossil record. However, the ancestor of the early/middle Miocene hominoids 
should be sought among this group as Proconsul-like taxa seem to share various 
derived characters with the later hominoids together with some primitive ones. The 
African hominoids migrated to Eurasia at about 16.0 Ma; during that time, the phys-
ical connection of Africa and Eurasia was completed, while three main migration 
waves have been recognized at that time, including the arrival of the hominoids in 
Eurasia (Rögl 1999). In Europe the oldest hominoids are known from Slovakia, 
Austria, and Germany, and in Asia from Turkey with the genus Griphopithecus, 
dated in the middle Miocene (Andrews et al. 1996, Casanovas-Vilar et al. 2011). An 
evidence for the linking of African and Eurasian hominoids is the recognition of the 
African genus Kenyapithecus in the middle Miocene Turkish locality Paşalar 
(Kelley et al. 2008). The hominoids after their arrival in Eurasia dispersed, diversi-
fied, and survived until the end of the Miocene, represented by several taxa in the 
fossil record. The Asian Miocene hominoids (e.g., Ankarapithecus, Sivapithecus, 
Lufengpithecus, Khoratpithecus) are considered as ancestral forms of the modern 
orangutans. In Europe, the Miocene hominoids are strongly diversified and repre-
sented by several taxa (e.g., Pierolapithecus, Hispanopithecus, Dryopithecus, 
Rudapithecus, Ouranopithecus, Oreopithecus), the relationships of which are dis-
cussed. Ouranopithecus shares several derived characters with the australopiths and 
human clade and proposed as a potential common ancestor of this clade and goril-
las. Among the latest Miocene hominoids, the African genera Sahelanthropus and 
Orrorin are interesting. The femur of Orrorin shares some derived features with 
australopiths and Homo, and it is considered as closer to the last taxon (Pickford 
et  al. 2002). On the other hand, the cranium of Sahelanthropus preserves some 
derived features linking it with the hominid clade being closer to the common 
ancestor of chimpanzee and Homo (Brunet et al. 2002).

Several cladograms have been proposed for the evolutionary relationships 
among humans and extinct and extant hominoids, which changed rapidly as new 
material discovered especially during the last decades. A simplified version of a 
recent cladogram proposed by McNulty (2010) is given in Fig. 1, highlighting the 
position of the Greek taxa. Ouranopithecus seems to be the best candidate, among 
the ancestral hominines, for the African great apes and human clade. Some authors 
(Benefit and McCrossin 1995; Andrews 1992; Dean and Delson 1992; Andrews 
et al. 1996; McNulty 2005; Clarke 2012) follow this opinion. On the other hand, 
Begun (1994, 2002, 2009), although he gives a slight precedence to Dryopithecus, 
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mentions that O. macedoniensis has strong similarities with the dryopithecines, 
proposing them as a sister group of the hominins and African apes. In addition, he 
considers that the absence of postcranial is a disadvantage for Ouranopithecus as 
its locomotion is unknown. However, the two available phalanges of 
Ouranopithecus indicate that it is closer to terrestrial forms (Bonis and Koufos 
2014). On the contrary, Dean and Delson (1992) consider O. macedoniensis, in 
facial morphology, closer to Gorilla than to the dryopithecines. The Greek homi-
noid and the Asian Lufengpithecus were synonymized with Ankarapithecus, and 
together with several Eurasian, dryopithecines can be considered as ancestral 
forms of the pongines as they share affinities with Pongo (Köhler et al. 2001). The 
recent 3D geometric morphometric study of O. macedoniensis cranium from 
Xirochori suggests that it is clearly separated from Pongo, being closer to Gorilla 
(Ioannidou et al. 2019a, b).

However, the relatively poor fossil record of the Miocene hominoids and the 
unequal geographic and chronological distribution of their finds as well as the 
absence of a rich fossil record for gorillas and chimpanzees are disadvantages to 
build reasonable hypotheses for the ancestor of African great apes and 
human clade.

Fig. 1 Simplified cladogram showing the evolutionary relationships of the Miocene hominoids 
compared to the modern ones and Homo, highlighting the positions of the taxa from Greece (modi-
fied from McNulty 2010). Stars indicate the major splitting events between ape lineages. 1: ances-
tral African apes, including Ouranopithecus, Graecopithecus, Nakalipithecus, and Chororapithecus; 
2, European apes, including Dryopithecus, Oreopithecus, Pierolapithecus, and Anoiapithecus; 3, 
Asian apes, including Sivapithecus, Gigantopithecus, Ankarapithecus, Lufengpithecus, 
Khoratpithecus, and Yuanmoupithecus; 4, first modern apes, including Griphopithecus, 
Kenyapithecus, Nacholapithecus, Otavipithecus, and Equatorius; 5, stem hominoids, including 
Kamoyapithecus, Dendropithecus, Micropithecus, Simiolus, Proconsul, Heliopithecus, 
Afropithecus, Morotopithecus, Nyanzapithecus, Mabokopithecus, Limnopithecus, Turkanapithecus, 
Rangwapithecus, Kalepithecus, and ?Samburupithecus
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4  Distribution

Both genera Ouranopithecus and Graecopithecus are certainly known from Greece, 
the first from three localities in Northern Greece and the other from one locality in 
Athens (Fig. 2 and Appendix). Ouranopithecus is also reported outside Greece by 
the species O. turkae that has been described from the early Turolian Turkish local-
ity Çorakyerler (Guleç et al. 2007). The taxonomic value of this species debated, 
considering that the Çorakyerler hominoid belongs to a different genus (Begun 
2009). The second Greek hominoid Graecopithecus is probably known from 
Bulgaria by an isolated P4 from the locality Azmaka (~7.2 Ma) referred to as cf. 
Graecopithecus sp. (Fuss et al. 2017).

5  Systematic Paleontology

Hominidae Gray, 1825
Ouranopithecus Bonis and Melentis, 1977

Type Species Dryopithecus macedoniensis Bonis et al., 1974.

★Ouranopithecus macedoniensis (Bonis and Melentis, 1977)

Nomenclatural and Taxonomical History Dryopithecus macedoniensis in Bonis 
et al., 1974 (initial identification, new species); Ouranopithecus macedoniensis in 
Bonis and Melentis, 1977 (new genus).

Type Species LGPUT-RPl-54 (holotype), mandible of a female sub-adult individ-
ual with both tooth rows (Fig. 2d), described and figured by Bonis et  al. (1974: 
p.1393; Fig.  1), and housed in the Laboratory of Geology and Paleontology, 
University of Thessaloniki.

Type Locality Ravin de la Pluie, Axios Valley, Greece, late Miocene, MN10.

Distribution Besides the type locality, Ouranopithecus is known from the Greek 
late Miocene localities Xirochori 1 of Axios Valley and Nikiti 1  in Chalkidiki 
(Figs. 3, 4 and 5). A hominoid, under the name Ouranopithecus turkae, is referred 
from Turkey (Guleç et al. 2007), but its attribution is debated (Begun 2009).

Remarks During the beginning of the 1970s, a new series of excavations started in 
the late Miocene fossiliferous sites of Axios Valley (Macedonia, Greece), which 
were known since the beginning of the twentieth century, when C. Arambourg col-
lected a quite rich mammal fauna from several localities of the area (Arambourg and 
Piveteau 1929). However, the presence of the fossils in the area is earlier referred by 
Bourcart (1919). During the new field campaign in Axios Valley, the prospecting of 
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the area led to the discovery of a new locality, named Ravin de la Pluie, which pro-
vided a rich mammal fauna including the hominoid O. macedoniensis (Bonis et al. 
1974). The site was discovered after a heavy rain, and therefore, the locality was 
named Ravin de la Pluie (= ravine of rain). Among the first collected fossils from 
the new locality was a primate mandible of a “Miocene hominoid”. The founders 
considered it as a gift which came with the rain from the sky (=ουρανός in Greek), 
and thus the name Ouranopithecus (= ape from the sky) was given to the new genus.

In 1989 the author, prospecting the area of Axios Valley, discovered a new fos-
siliferous site, named Xirochori 1, and among the first collected material was a 
partial cranium of O.macedoniensis (Bonis et al. 1990; Fig. 4). One year later, some 
mammal remains, including the hominoid O.macedoniensis, have been found near 
the village of Nikiti, Chalkidiki Peninsula (Koufos et al. 1991).

Fig. 2 Map of Greece showing the geographic distribution of the most important localities with 
Miocene hominoid fossils. See Appendix for more information. Image exported from Google 
Earth Pro © 2019, map data from US Dept. of State Geographer, SIO, NOAA, U.S. Navy, NGA, 
GEBCO, image from Landsat/Copernicus. Scale bar equals 80 km, North faces upward

G. D. Koufos



663

The taxonomic status of Ouranopithecus was discussed for a long time as it was 
synonymized with Graecopithecus (Andrews et al. 1996 and references therein). 
However, the comparison of the single known badly preserved mandible of 
Graecopithecus with the Ouranopithecus material suggests that the last taxon is 
clearly different and older than Graecopithecus (Koufos and Bonis 2005 and refer-
ences therein). Recently, Fuss et al. (2017) proposed some characters distinguishing 
the two taxa, while magnetochronology suggests an estimated age of 7.175 Ma for 
Graecopithecus, quite younger than that of Ouranopithecus dated from 9.6–8.7 Ma. 
The majority of Ouranopithecus fossils originate from Ravin de la Pluie, corre-
sponding to more than 25 juvenile, adults, and old male and female individuals.

O. macedoniensis is characterized by large body size (in the range of variation of 
gorillas), strong sexual dimorphism expressed in the overall size of the dentition and 
especially in the size and morphology of the canines, short and vertical premaxilla, 

Fig. 3 Selected specimens of Ouranopithecus macedoniensis from the late Miocene (MN10) of 
its type locality, Ravin de la Pluie (Axios Valley). (a–b) Maxilla of a male individual in (a) lateral, 
and (b) occlusal views, (c) mandible of a male individual in occlusal view, (d) mandible of a 
female individual (holotype) in occlusal view. Scale bar equals 2 cm
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Fig. 4 The partial cranium of a male individual of Ouranopithecus macedoniensis from the late 
Miocene (MN10) of Xirochori 1 (Axios Valley) in (a) frontal, and (b) occlusal views. Scale bars 
equal 2 cm

Fig. 5 Selected specimens of Ouranopithecus macedoniensis from the late Miocene (MN10) of 
Nikiti 1 (Chalkidiki Peninsula). (a–b) maxilla of a female individual in (a) lateral, and (b) occlusal 
views, (c) mandible of a female individual in occlusal view. Scale bar equals 2 cm
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moderate supraorbital torus with a glabellar depression, large interorbital distance, 
relatively short nasals, small and low quadrangular orbits, subvertical nasal aperture 
margins, primitive nasoalveolar area with a large fossa incisiva, strong and low- 
rooted zygomatic arches, narrow and convex mandibular condyle, low and thick 
horizontal ramus, long planum alveolare, well-developed fossa genioglossa, strong 
superior and inferior torus, shovel-like and strongly heteromorphic upper incisors, 
relatively reduced canines, relatively symmetric upper premolars, low cusps in the 
molars, more symmetric p3 without honing facet, thick enamel, and absent or very 
weak cingulum. The study of the associated rich mammal fauna from Ravin de la 
Pluie and Nikiti 1 and its comparison with the modern ones from known environ-
ments, and the dental microwear of the hominoid and bovids suggest that 
Ouranopithecus was living in an open, savannah-like environment with low vegeta-
tion (bushes, shrubs, small trees) and thick herbaceous layer (Bonis et  al. 1992, 
1999, Koufos 2006, Merceron et al. 2005, 2007, 2016). It was a hard-object feeder, 
feeding on roots, tubers, nuts, and graminoids (Merceron et  al. 2005), without 
excluding the possibility of feeding on soft-objects during the rain period, when it 
was possible to find fresh fruits and shoots.

Graecopithecus von Koenigswald, 1972

Type Species Graecopithecus freybergi von Koenigswald, 1972.

★Graecopithecus freybergi von Koenigswald, 1972

Nomenclatural and Taxonomical History Mesopithecus pentelicus in Freyberg 
1951 (initial identification); Graecopithecus freybergi in von Koenigswald, 1972 
(new genus and species).

Type Specimen RIM 438/387 (holotype), fragmentary mandible preserving the 
roots of the right P4 and M1 and the worn M2 (Fig. 6), housed in the collection of 
B. von Freyberg, Erlangen (von Koenigswald 1972).

Type Locality Pyrgos Vassilissis, Attica, late Miocene, MN12.

Distribution It is only known from its type locality and possibly from Bulgaria; 
a single P4 from the locality Azmaka was described as cf. Graecopithecus sp. (Fuss 
et al. 2017), representing a possible presence of the genus outside Greece.

Remarks The Pyrgos Vassilissis mandible has been originally attributed to 
Mesopithecus pentelicus, and quite later, it was described as a new genus and spe-
cies of hominoids. For a long time, there was a debate concerning its synonymy 
with the other Greek hominoid O.macedoniensis. Some authors synonymized them, 
and others considered that they are different proposing to keep the name G. frey-
bergi only for the Pyrgos mandible until finding more evidences for its taxonomic 
value (Koufos and Bonis 2005 and ref. therein; see also above). 
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 Appendix

List of Greek fossil localities containing Miocene hominoid fossils. Type localities are marked 
with bold. Locality numbers refer to the collection numbers of the PaleoBiology Database (PBDB)

LocalitiesPBDB No Age (MN; GPTS in Ma) Taxon

Pyrgos Vassilissis195555 Middle Turolian (MN12; ~7.175) Graecopithecus freybergi1

Nikiti 1202729 Terminal Vallesian (MN10; 9.3–8.7) Ouranopithecus macedoniensis2

Ravin de la Pluie191070 Late Vallesian (MN10; ~9.3) Ouranopithecus macedoniensis3

Xirochori 1195490 Late Vallesian (MN10; ~9.6) Ouranopithecus macedoniensis4

GPTS Geomagnetic Polarity Time Scale
1von Koenigswald (1972), 2Koufos et al. (1991), 3Bonis et al. (1974), 4Bonis et al. (1990)
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1  Introduction

The study of the human fossil record is by nature an interdisciplinary endeavor. 
Human paleontology differs from other paleontology subfields not only due to the 
rarity of human fossils but because it is tightly intertwined with the study of 
Paleolithic archaeology and early prehistory, as the human fossil record cannot be 
properly understood without consideration of the behavioral record testified by 
material cultural remains produced by early humans, most commonly represented 
by lithic artifacts. Although material cultural remains do not appear until several 
million years after the earliest purported human ancestor, Sahelanthropus tchaden-
sis dating to 7–6 Ma (Brunet et al. 2005)—with the Lomekwian lithic industry pos-
sibly representing the earliest such evidence at ca. 3.3  Ma (Harmand et  al. 
2015)—they take on increasing importance in later periods and become an inextri-
cable part of the human fossil record, especially from the Middle Pleistocene 
onward. Modern paleoanthropology is not only tightly intertwined with Paleolithic 
archaeology but relies on an interdisciplinary approach involving a number of dis-
ciplines, including genetics, paleontology, zooarchaeology, geoarchaeology, tapho-
nomy, geoarchaeology, and dating methods, as well as primatology and cultural 
anthropology.

Paleoanthropology as a discipline is not well established in Greece, and, until 
recently, there had been relatively little systematic research in human evolution and 
in the Paleolithic era. Previous work has mainly focused on single important speci-
mens, most notably the Petralona cranium (e.g., Kurtén and Poulianos 1977; 
Poulianos 1981, 1982). As a result, the known record suffers from important 
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shortcomings, the most serious of which is the lack of context for many of the most 
important specimens, as few have been recovered from controlled excavations. 
Despite this, the known human fossil record from Greece comprises a number of 
fossil human individuals representing different taxa. Recently, new research has 
focused both on systematic interdisciplinary fieldwork—aiming to discover new 
Paleolithic/paleoanthropological sites preserving evidence of early human presence 
and activity in Greece (e.g., Panagopoulou et  al. 2015; Galanidou et  al. 2016; 
Harvati et al. 2018; Thompson et al. 2018; Tourloukis and Harvati 2018)—and on 
the state-of-the-art reconstruction and analysis of the existing human fossil record, 
aiming to clarify their taxonomy, chronology, and phylogenetic relationships (e.g., 
Harvati 2009; Harvati et al. 2011, 2013, 2019; Röding et al. in press). This work has 
uncovered the earliest currently known evidence of human occupation of the region 
at the site Marathousa 1, Megalopolis basin, dated by multiple dating approaches to 
ca. 400–500 ka (Blackwell et al. 2018; Jacobs et al. 2018; Tourloukis et al. 2018), 
as well as the earliest known possible evidence of early Homo sapiens in Eurasia at 
ca. 210 ka at Apidima, Mani (Harvati et al. 2019). These results highlight the great 
potential of Greece and SE Europe to shed light on human evolution, dispersals, and 
adaptations.

2  Phylogenetic Relationships

The human fossil record of Greece spans part of the Middle and the Late Pleistocene 
and, similarly to the rest of Europe, evidences the species Homo heidelbergensis, 
Homo neanderthalensis, and Homo sapiens. H. sapiens and H. neanderthalensis are 
morphologically distinct taxa (e.g., Harvati et al. 2004) differentiated by a suite of 
respectively derived features, as well as, possibly, behavioral characteristics (see, 
e.g., Harvati 2015). They are considered sister species, who are known to have 
hybridized repeatedly when their ranges overlapped, as occurred during the last out 
of Africa expansion of modern humans ca. 70–50 ka (e.g., Green et al. 2010; Fu 
et al. 2015; Villanea and Schraiber 2019). Their relationship to H. heidelbergensis 
is not completely resolved, partly due to the difficulty in the definition of the latter 
taxon. The holotype of this species is the Mauer specimen, a mandible without asso-
ciated cranial remains, making the definition of its hypodigm problematic. Cranial 
remains from Arago, France, were assigned to H. heidelbergensis on the basis of 
similarities between the Arago and Mauer mandibles, and further Middle Pleistocene 
fossil crania from Europe, Africa, and possibly Asia have been attributed to this 
taxon,  originally on the basis of similarities to the Arago material (e.g., Harvati 
2007 and references therein). No agreement exists over the integrity of this sam-
ple—in the past sometimes loosely referred to as the grade “archaic Homo sapiens” 
(Stringer et al. 1979), a term that is no longer in use. The question of the hypodigm 
and geographic/temporal range of Homo heidelbergensis is debated, as is its phylo-
genetic position (see, e.g., Hublin 2009; Stringer 2012; Roksandic et  al. 2018). 
Generally the European members of this group (H. heidelbergensis sensu stricto) 
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are considered ancestral to Neanderthals, possibly a chronospecies of the 
Neanderthal lineage. Similarly, the morphologically similar African specimens are 
sometimes assigned to H. rhodesiensis and considered ancestral to H. sapiens. 
However, some authors consider H. heidelbergensis (sensu lato) as a wide-ranging 
species occurring in both Africa and Europe and the last common ancestor of both 
H. neanderthalensis and H. sapiens (e.g., Rightmire 2008).

The position of the little known species H. antecessor from Spain, dated to ca. 
800 ka, is crucial in this discussion. Unlike H. heidelbergensis, H. antecessor shows 
some modern human-like facial features and has also been proposed as the last com-
mon ancestor of H. sapiens and H. neanderthalensis (e.g., Bermúdez de Castro 
et al. 1997). Under this scheme, the H. heidelbergensis morphology might already 
be derived in the direction of H. neanderthalensis and therefore not ancestral to 
H. sapiens. The late chronology proposed for specimens such as Petralona (Grün 
1996) and Broken Hill (Grün et al. 2020), the type specimen of H. rhodesiensis, 
further complicates this picture. The date of ca. 300 ka for both Broken Hill, which 
shows no H. sapiens-derived features (Grün et al. 2020), and the early H. sapiens 
specimens from Jebel Irhoud (Hublin et al. 2017) suggests either a late survival of 
heidelbergensis-like populations or an exclusion of this specimen and other similar 
samples from H. sapiens ancestry. Similarly, the proposed late date of Petralona at 
ca. 250–300 ka (Grün 1996), although highly uncertain, suggests a possible late 
survival of H. heidelbergensis in Greece.

The origin of H. neanderthalensis is relatively well understood, with European 
Middle Pleistocene specimens generally considered ancestral to this taxon. The lat-
ter exhibit “incipient” (e.g., Dean et  al. 1998) or in some cases well-developed 
(Martinón-Torres et al. 2012) Neanderthal-derived features, as well as Neanderthal- 
like nuclear DNA (Meyer et al. 2016). The origin of H. sapiens, on the other hand, 
as well as the timing of the split between the two lineages, is less clear. An emerging 
consensus sees the origin of modern humans to have occurred earlier than previ-
ously thought, dating back to 300 ka based on both the fossil record (Hublin et al. 
2017) and genetic data (Schlebusch et al. 2017; Lipson et al. 2020). The origin of 
H. sapiens is also now considered to have involved multiple, geographically and 
morphologically diverse, Middle Pleistocene African populations in an “African 
Multiregionalism” scenario (e.g., Scerri et al. 2018). It is currently estimated that 
the sapiens and Neanderthal lineages split between 550 and 765 ka on the basis of 
paleogenetic evidence (Meyer et al. 2016).

3  Distribution

With the exception of the Petralona Cave (N. Greece), all other occurrences of hom-
inins from Greece come from sites in the Peloponnese, S.  Greece (Fig.  1 and 
Table 1). Also, with the exception of the dubious location of the isolated find from 
Megalopolis (see below), all other occurrences come from caves.
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4  Systematic Paleontology

Hominidae Gray, 1825
Homininae Gray, 1825
Homo Linnaeus, 1758

Type Species Homo sapiens Linnaeus, 1758.

Remarks An isolated human upper M3 of indeterminate, possible Middle 
Pleistocene age was collected together with a large fossil mammal assemblage 

Fig. 1 Map of the occurrences of fossil hominins from Greece. See Appendix for further informa-
tion. 1, Franchthi Cave; 2, Lakonis I; 3, Kalamakia Cave; 4, Apidima Cave Γ; 5, Apidima Cave Α; 
6, Petralona Cave; 7, Megalopolis lignite. See Table 1 for more information. Image exported from 
Google Earth Pro © 2019, map data from US Dept. of State Geographer, SIO, NOAA, US Navy, 
NGA, GEBCO, image from Landsat/Copernicus. Scale bar equals 80 km, North faces upward
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 during survey (1962–1965) of the Megalopolis basin by the Geological Society of 
Hannover (Sickenberg 1975). The fossil assemblage was assigned to the early 
Middle Pleistocene by Sickenberg (1975). However neither the exact location of the 
finds nor its actual chronology can be ascertained, and concerns have been expressed 
that it might represent an intrusive H. sapiens (Sickenberg 1975).

The classification of the Megalopolis UM3 is hindered by the high variability of 
this element, which complicates the assessment of its affinities, as well as by the 
strong abrasion of its crown surface. The latter appears to be at least in part the 
result of acid etching by Xirotiris et al. (1979), which has left the specimen dam-
aged and with little remaining informative morphology on its crown surface. A pre-
liminary comparative analysis of crown dimensions showed that the Megalopolis 
specimen is relatively small, overlapping with values reported in the literature for 
recent H. sapiens, but also with the lower end of the range of variation of H. nean-
derthalensis, H. heidelbergensis, as well as H. erectus (Harvati 2016). Surprisingly, 
its crown shape index, calculated from its buccolingual dimensions, was more simi-
lar to African early Homo than to later Homo species, as represented in that small 
dataset (Harvati 2016). More recently, Röding et  al. (in press) assessed the 
Megalopolis crown shape using outline semilandmarks analysis. Results tentatively 
suggest affinities with the Neanderthal lineage, although additional analysis, per-
haps of internal tissue proportions, would be needed to confirm this finding.

Table 1 List of Greek localities containing hominin fossils. Locality numbers refer to the 
collection numbers of the PaleoBiology Database (PBDB)

LocalitiesPBDB No Age Taxon References

Franchthi Cave182709 Latest Pleistocene to 
Early Holocene

Homo sapiens 1

Lakonis I Cave207778 Late Pleistocene (ca. 
44–38 ka BP)

Homo neanderthalensis 1–5

Kalamakia Cave184245 Late Pleistocene (ca. 
100–39 ka BP)

Homo neanderthalensis 5, 6

Apidima Cave Γ32082 ? Upper Paleolithic Homo sapiens 1, 7–9
Apidima Cave A32059 Middle Pleistocene* Homo neanderthalensis, 

early Homo sapiens
1, 10–14

Petralona Cave183123 Middle Pleistocene Homo heidelbergensis 1, 15, 16
Megalopolis 
paleolake basin

? early Middle 
Pleistocene

Homo sp. 5, 17

*The absolute direct dates of the hominin remains are ca. 170 ka BP for H. neanderthalensis and 
ca. 210 ka BP for early H. sapiens. Although the two specimens were found in close proximity, 
they were originally deposited in different parts of the cave and eroded into their final position in 
a fissure close to the cave ceiling at a later date. The surrounding matrix dates to ca. 150 ka and is 
younger than both specimens, as would be expected (see Harvati et al. 2019)
1Harvati et al. (2009), 2Harvati et al. (2003), 3Panagopoulou et al. (2002–2004), 4Elefanti et al. 
(2009), 5Harvati (2016), 6Harvati et  al. (2013), 7Pitsios (1985), 8Pitsios (1995), 9Darlas (1995), 
10Harvati and Delson (1999), 11Pitsios (2002), 12Harvati et  al. (2011), 13Harvati et  al. (2019), 
14Bräuer et al. (2020), 15Stringer (1974), 16Stringer et al. (1979), 17Sickenberg (1975)
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Interestingly, recent field research in the Megalopolis basin, undertaken under 
the auspices of the Ephoreia of Paleoanthropology and Speleology and directed by 
Dr. Panagopoulou in collaboration with the author and her team, have confirmed the 
presence of humans in the Middle Pleistocene Megalopolis basin on the basis of 
archaeological evidence. This consists of lithic and bone artifacts associated with 
faunal remains exhibiting cutmarks and other human modifications at the sites 
Marathousa 1, dated to ca. 400–500 ka, and Choremi 3, dated to ca. 260 ka (Harvati 
et al. 2018 and articles therein; Panagopoulou et al. 2018; Thompson et al. 2018). 
Marathousa 1, a Lower Paleolithic elephant butchering site, is currently the oldest 
known chronometrically dated archaeological site in Greece (Panagopoulou et al. 
2018; Harvati et al. 2018 and references therein). It is therefore conceivable that the 
Megalopolis M3 represents these populations. Ongoing research continues to 
explore exposed early Middle Pleistocene sediments in this region, aiming to push 
back even further in time the earliest known appearance of Homo in Greece.

Homo heidelbergensis Schoetensack, 1908

Nomenclatural and Taxonomic History The nomen H. heidelbergensis fell into 
disuse after the revision of the human evolutionary tree according to the principles 
of the New Synthesis (e.g., Mayr 1963). Specimens from the Middle and early Late 
Pleistocene, including Neanderthals, were at the time considered as representing 
either H. erectus or early forms of H. sapiens and often collectively referred to as 
“archaic H. sapiens,” a grade (Stringer et al. 1979). This term is no longer in use. 
Current classification schemes reflect the common recognition of Neanderthals and 
modern humans as distinct lineages, with H. heidelbergensis possibly representing 
their last common ancestor (e.g., Rightmire 2008; Stringer 2012—but see 
“Phylogenetic Relationships”).

Type Specimen M.1, a mandible with dentition, now stored in the collections of 
the Institute of Geology and Palaeontology, University of Heidelberg, Germany. 
This is the so-called Mauer mandible, found in 1907 and later designated as the type 
specimen of H. heidelbergensis by Schoetensack (1908).

Type Locality Grafenrain mine, Mauer, near Heidelberg, Germany; early Middle 
Pleistocene, ca. 500 ka (e.g., Harvati 2007 and references therein; Stringer 2012).

Distribution The geographic distribution of this species is disputed. Outside its 
type locality, several sites in W. Eurasia (e.g., Arago, Petralona, Steinheim, Sima de 
los Huesos, Boxgrove) and Africa (Broken Hill, Bodo, Elandsfontein, Ndutu) are 
proposed, with additional possible occurrences (see Stringer 2016 and references 
therein). Nevertheless, the question of whether this taxon comprises only European 
specimens (H. heidelbergensis sensu stricto) or can be expanded to include African 
and possibly Asian material (H. heidelbergensis sensu lato) is debated (see 
“Phylogenetic Relationships”). The European H. heidelbergensis is commonly con-
sidered as part of the H. neanderthalensis lineage, although a primitive status is also 
proposed.
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Remarks The only broadly accepted occurrence of Homo heidelbergensis in 
Greece comes from Petralona Cave, Northern Greece. Discovered in 1960 (Kokkoros 
and Kanellis 1960; Poulianos 1981, 1982), the Petralona cranium (Fig.  2) is in 
excellent state of preservation and perhaps one of the most complete cranial speci-
mens in the fossil human record of Europe. It is housed in the collections of the 
Museum of Geology, Palaeontology, and Palaeoanthropology of the School of 
Geology, Aristotle University of Thessaloniki, Greece.

The Petralona cranium is thought to be of Middle Pleistocene age with a pro-
posed date of ca. 250–300 ka, although there is a high degree of uncertainty about 
its chronological placement (see Harvati et al. 2009; Grün 1996). Along with other 
early European H. heidelbergensis, it has been described as showing incipient 
Neanderthal facial characteristics (e.g., Dean et al. 1998). However, it also shows 
strong overall similarities with African penecontemporary specimens, particularly 
with the Broken Hill (Kabwe) cranium (e.g., Stringer 1974; Stringer et al. 1979; 
Harvati 2009; but see Freidline et al. 2012).

Given their Middle Pleistocene chronology and the Lower Paleolithic character 
of their lithic assemblages, the sites recently identified in the Megalopolis basin 
(Marathousa 1, Choremi 3) possibly also represent the remnants of activity of 
H. heidelbergensis populations in the Peloponnese. Although no clear affinities with 
this taxon could be observed for the Megalopolis molar (above), its tentative assign-
ment to the Neanderthal lineage (Röding et  al. in press) and possible Middle 
Pleistocene chronology also make it a potential candidate for this taxon.

Homo neanderthalensis King, 1864

Nomenclatural and Taxonomic History After discovery of the type specimen 
from the Neander Valley in 1856, the antiquity and status of these remains as human 
fossils were fiercely debated, due to their vast philosophical implications for human 

Fig. 2 The Petralona cranium, in (a) frontal and (b) lateral views. Photographs copyright and 
courtesy of E. Delson
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origins in light of the nascent development of evolutionary theory. Pathological con-
ditions were proposed as alternative reasons for their peculiar cranial and postcra-
nial anatomy. This debate was only settled with the eventual discovery of additional 
skeletons of similar morphology associated with lithic artifacts and extinct faunal 
assemblages from other sites in Europe. Homo neanderthalensis was named by 
King (1864) nearly a decade after discovery (see Harvati 2015 and references 
therein). The validity of this species has been questioned, with the dominant view 
on Neanderthals alternating between two extremes throughout the twentieth cen-
tury: on the one hand, H. neanderthalensis has been considered a distinct species 
with no ancestral relationship to H. sapiens; on the other hand, it has been seen as a 
subspecies or even population of H. sapiens and possibly ancestral to modern 
Europeans (see Harvati 2015 and references therein). The validity of H. neander-
thalensis as a distinct lineage is currently generally recognized on the basis of their 
anatomical, genetic, and possibly behavioral differences (see Harvati 2015 and ref-
erences therein). However, paleogenetic evidence has indicated repeated, if limited, 
interbreeding with H. sapiens, leading to a small percentage of Neanderthal ances-
try for all non-African modern humans (e.g., Green et al. 2010; Sankararaman et al. 
2014). In light of extensive interbreeding among closely related primate and other 
mammalian species and genera (e.g., Zinner et al. 2011; Ackermann et al. 2019), 
H. neanderthalensis can be interpreted as the sister species of H. sapiens, with the 
two lineages not having achieved complete reproductive isolation at the time of the 
major  dispersal of modern humans out of Africa  70–50  ka when their ranges 
overlapped.

Type Specimen Skull cap and a partial skeleton, stored in the collections of LVR- 
Landesmuseum (Bonn, Germany; King (1864:Pl. I)).

Type Locality Cave or fissure intersecting the southern rocky side of the deep nar-
row Neanderthal valley, river Düssel, near Hochdal, Germany (King 1864); Late 
Pleistocene, ca. 40 ka (Schmitz et al. 2002).

Distribution Members of H. neanderthalensis are known from across Western 
Eurasia, including Europe, the Near East (e.g., Israel, Syria, Iraq), reaching as far 
East as Uzbekistan, and the Altai (Siberia; see Harvati 2015 and references therein). 
In Greece, fossil remains of H. neanderthalensis are known from the Late Pleistocene 
of Lakonis and Kalamakia and the late Middle Pleistocene of Apidima, all in the 
Peloponnese (see below). However, Middle Paleolithic archaeological assemblages, 
generally associated with Neanderthals in Europe, are the most common Paleolithic 
finds in Greece and occur in most of mainland Greece, as well as on several Ionian 
and Aegean islands, having also been reported from Crete (Tourloukis and Harvati 
2018). These remains suggest that much of present-day Greece was inhabited by 
Neanderthal populations in the Late Pleistocene.

Remarks Homo neanderthalensis is represented in Greece by fossil assemblages 
from three sites, all of them located in the Mani Peninsula, Southern Peloponnese. 
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Two of these assemblages derive from excavated contexts and date broadly to the 
Late Pleistocene (at Lakonis and Kalamakia), while one was extracted from breccia 
deposits and has been dated to the late Middle Pleistocene (at Apidima).

Lakonis Cave Specimen LKH1 (a left lower third molar) derives from the upper 
layers of the Lakonis cave, situated on the eastern coast of the Mani Peninsula, near 
Gytheion. The site was excavated from 1997 to 2011 by the Ephoreia of 
Paleoanthropology and Speleology (Greek Ministry of Culture). It preserves a rich 
Middle Paleolithic lithic assemblage through most of the stratigraphic sequence; 
however, LKH1—the only human fossil recovered at Lakonis—was found in the 
top-most layer, which yielded an Initial Upper Paleolithic stone tool assemblage 
and dates to ca. 48–42 ka cal (AMS 14C on charcoal; Harvati et  al. 2003, 2009; 
Panagopoulou et al. 2002–2004; Elefanti et al. 2009; Harvati 2016). LKH1 shows 
features strongly aligning it with H. neanderthalensis, including a large anterior 
fovea, complex root morphology, a relatively enlarged pulp cavity, and a midtrigo-
nid crest. The latter trait is expressed at very high frequencies in Neanderthals but 
almost never on modern human lower third molars (Harvati et al. 2003). Also align-
ing it with H. neanderthalensis are its relatively high enamel secretion rates and 
relatively thin enamel (Smith et al. 2009).

Kalamakia Cave Kalamakia cave is located on the western coast of the Mani 
Peninsula. Thirteen fragments of human remains were excavated from several lay-
ers of Unit IV, and one (KAL3) from the uppermost layer of Unit III, during work 
by the Ephoreia of Paleoanthropology and Speleology (Greek Ministry of Culture) 
and the Muséum national d’Histoire naturelle (Paris) between 1993 and 2006. The 
fossil fragments represent at least eight individuals, two of them juveniles, and date 
roughly to between 100,000 (U/Th radiometric dating of a marine shell at the 
Institut de Paléontologie Humaine in Paris, IPH Kal 9304: 109.000 + 14.000/−13.000) 
and > 39,000 radiocarbon years (14C AMS dating on charcoal at Gif-sur-Yvette in 
France, GifA 94592) (Harvati et  al. 2013; Harvati 2016). The site also yielded 
Mousterian lithics with Levallois elements (Harvati et al. 2013).

The fossil human assemblage comprises ten isolated teeth KAL2 (left upper 
third premolar), KAL3 (left upper third? molar), KAL5 (upper fourth premolar), 
KAL6 (left lower fourth premolar), KAL8 (right upper second? molar), KAL9 
(right lower fourth premolar), KAL10 (right upper lateral incisor), KAL11 (left 
upper central incisor), and KAL12 (left upper deciduous lateral incisor), KAL13 
(left? upper deciduous central incisor); one cranial fragment KAL1 (occipital? frag-
ment); and three postcranial elements KAL4 (subadult lumbar vertebra, L3 or L4), 
KAL7 (fibular shaft fragment), and KAL14 (left navicular). Although not all are 
taxonomically informative, several elements deriving from throughout the strati-
graphic sequence show diagnostic Neanderthal anatomy. Among the dental remains, 
the two lower premolars and the two upper incisors display combinations of crown 
features that are observed at very high frequencies among Neanderthals but not in 
modern humans (Harvati et al. 2013). The two upper incisors (KAL10 and KAL11) 
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show shoveling, lingual tubercles and labial convexity, a combination considered as 
derived for the H. neanderthalensis lineage (e.g., Bailey 2007; Martinón-Torres 
et al. 2012). The two lower premolars (KAL6 and KAL9) exhibit multiple lingual 
cusps, a transverse crest and an asymmetric crown, also a combination of traits 
considered unique for H. neanderthalensis (e.g., Bailey 2007; Martinón-Torres 
et al. 2012). The crown dimensions of the upper third premolar (KAL2) and the 
upper third molar (KAL3) place them closer to Neanderthals than to early modern 
humans (Harvati et al. 2013). Finally, the dimensions of the navicular KAL14 also 
align it with H. neanderthalensis, rather than with H. sapiens (Harvati et al. 2013). 
None of elements in the Kalamakia human skeletal assemblage show modern 
human-derived features.

Apidima Cave A Apidima is a complex of five caves on the western coast of the 
Mani Peninsula. It was investigated between 1978 and 1985 by the Museum of 
Anthropology, National and Kapodistrian University of Athens Medical School 
(Pitsios 1995; Harvati and Delson 1999; Harvati et  al. 2009, 2019). Cave A has 
produced two human fossil crania, found encased in a block of matrix attached to 
the cave walls and close to the ceiling (Pitsios 1985, 1995, 1999; Harvati and Delson 
1999; Harvati et al. 2009, 2011).

Of these two specimens, Apidima 2 (also referred to as LAO 1/S2; Fig. 3) is 
assigned to Homo neanderthalensis (Harvati et al. 2009, 2011, 2019). It preserves 
most of the cranium, with the exception of the occipital bone, and exhibits a suite of 
Neanderthal-derived features in both its facial and neurocranial morphology: a con-
tinuous, doubly arched, thick and rounded supraorbital torus with no break between 
the glabellar, orbital, and lateral regions; an anterior position of the nasal root; an 
inflated infraorbital region; a bi-level morphology of the inferior nasal margin; a 
rounded “en bombe” cranial profile in posterior view; as well as some ancestral 
features, such as a low and elongated neurocranium (Harvati and Delson 1999; 

Fig. 3 The Apidima 2 cranium, in (a) frontal and (b) virtual reconstruction of the frontal view. 
(Copyright K. Harvati)
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Pitsios 2002; Harvati et al. 2009, 2019; Bräuer et al. 2020). Furthermore, it metri-
cally aligns with Neanderthals in both linear (Harvati et al. 2011; Bräuer et al. 2020) 
and 3D measurements of its facial and neurocranial shape (Harvati et al. 2019).

Apidima 2 was dated directly with the U-series method by Bartsiokas et  al. 
(2017) and later again by Harvati et  al. (2019), yielding an age of ca. 170  ka 
(172 ± 11; Harvati et al. 2019). The same method was also applied to the breccia 
matrix encasing the specimens, yielding an age of ca. 150 ka, which represents the 
age of the sediment solidification (Harvati et al. 2019). It is important to note that, 
although excavation of Cave A purportedly yielded Middle Paleolithic lithic remains 
(see Harvati and Delson 1999) and a mixed fauna (Tsoukala 1999), these materials 
derive from the cave floor sediments of Cave A and are not associated with, but 
rather significantly postdate, the breccia sediments from the ceiling of Cave A and 
their contents (see Harvati et al. 2009, 2011, 2019).

Pleistocene Homo sapiens Linnaeus, 1758

Remarks Early modern human remains, as well as sites dating to the Upper 
Paleolithic period, are very rare in Greece. Currently, the most important site 
 yielding such fossils is Apidima, on the western coast of the Mani Peninsula. 
Additional, fragmentary Late Pleistocene human remains have been recovered from 
Franchthi Cave, also in the Peloponnese. H. sapiens is considered to have evolved 
in Africa as early as ca. 300 ka or earlier on the basis of both fossil and genetic data 
(Hublin et al. 2017; Schlebusch et al. 2017; Lipson et al. 2020), from multiple mor-
phologically and geographically diverse populations (e.g., Scerri et al. 2018). This 
taxon dispersed into Eurasia and the rest of the world between 70 and 50 ka, in large 
part replacing H. neanderthalensis as well as other Late Pleistocene taxa in Eurasia 
by 40–35 ka. Limited interbreeding among the lineages is thought to have occurred 
at this time, leading to small contributions of genetic ancestry from archaic humans 
(e.g., on average 2–4% for Neanderthals) to all modern non-Africans. Early mem-
bers of H. sapiens are also known to have dispersed out of Africa in at least one 
earlier migration, with sites in the Levant dating as early as ca. 185 ka (Mislya Cave, 
Israel; Hershkovitz et  al. 2018). The recent evidence from Apidima Cave, 
Greece, suggests that this early dispersal event occurred earlier and dispersed fur-
ther than previously suspected, reaching South East Europe (Harvati et al. 2019), 
consistent with genetic evidence for interbreeding between Neanderthals and mod-
ern humans before 200 ka (Posth et al. 2017; Chen et al. 2020).

Apidima Cave A As mentioned above, Apidima Cave A has yielded two human 
fossil crania, found encased in a block of matrix attached to the cave walls and close 
to the ceiling during investigations by the Museum of Anthropology, Medical 
School, National and Kapodistrian University of Athens (Pitsios 1985, 1995, 1999; 
Harvati and Delson 1999; Harvati et  al. 2009, 2011). Of the two fossil crania, 
Apidima 1 (also referred to as LAO 1/S1; Fig. 4) was identified as an early Homo 
sapiens by Harvati and colleagues (Harvati et al. 2019), on the basis of its modern 
human-derived morphology in combination with primitive traits and the absence of 
Neanderthal-derived features.
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Apidima 1 preserves most of the posterior part of the cranium and part of the 
cranial base. It is undistorted, allowing virtual reconstruction by mirror-imaging. 
Although found in close proximity to Apidima 2, a Neanderthal (see above), 
Apidima 1 shows a typical modern human-like rounded posterior cranium, a 
H. sapiens-derived feature. Furthermore, it shows no Neanderthal characteristics. It 
lacks a Neanderthal-like rounded “en bombe” profile in posterior view, a 
Neanderthal-like occipital convexity and lambdoid flattening (occipital “bun”), or 
Neanderthal-like occipital torus and associated suprainiac fossa. A small, faint 
depression above inion does not conform to the Neanderthal suprainiac fossa condi-
tion, being much smaller and without clear borders. Its internal configuration, as 
evaluated on the basis of a CT scan, differs from that described for Neanderthals in 
that the diploic layer does not appear affected (Harvati et al. 2020). The Apidima 1 
depression is therefore similar to those described for African Middle-Late 
Pleistocene specimens (Bosman et al. 2020). Apidima 1 also exhibits primitive mor-
phology: the parietal walls are nearly parallel and the occipital plane low, both ple-
siomorphic conditions. However, unlike many Middle Pleistocene specimens, 
Apidima 1 does not show a steep angulation of the occipital bone or an occipital 
torus. Principal components analyses of the overall shape of its neurocranium and 
midsagittal profile (Fig. 5) placed Apidima 1 with modern humans, to the exclusion 
of Neanderthals or Middle Pleistocene Europeans/Africans. Its overall shape, as 
measured by Procrustes distance, was closest to modern human specimens. Apidima 
1 was classified as H. sapiens with posterior probability >0.9 in all analyses per-
formed by Harvati et al. (2019).

Apidima 1 was dated directly by Harvati et  al. (2019) using laser ablation 
U-series, yielding a date of ca. 210 ka (211 ± 16), indicating that the population that 
this individual represents pre-dated the Neanderthals known from the same region 
(Apidima 2, Kalamakia, and Lakonis individuals). These authors therefore inter-
preted it as the earliest known representative of an early dispersal of early Homo 
sapiens out of Africa (Harvati et al. 2019; Delson 2019), also documented by fossil 

Fig. 4 The Apidima 1 cranium, in (a) posterior, (b) virtual reconstruction of the lateral, and (c) 
virtual reconstruction of the posterior view. (Copyright K. Harvati)
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human evidence from Israel (Misliya, Skhul, and Qafzeh sites; Hershkovitz et al. 
2018; Stringer and Galway-Witham 2018), and the first such specimen found in 
Europe (see Delson 2019).

Some authors have disagreed with this interpretation. De Lumley et al. (2020) 
consider this specimen to represent an early Neanderthal, despite the lack of 
Neanderthal-derived features. These authors present only a few and undiagnostic 
linear measurements for this specimen, with no statistical analysis to support their 
attribution. Furthermore, while they attempted to assess the internal configuration 
of the Apidima 1 suprainiac depression (see Fig. 6), they misidentified its position, 
likely in part due to the poor resolution of the medical CT scan used (de Lumley 
et al. 2020). Rosas and Bastir (2020) also did not assess the morphology (either 
external or internal) of the Apidima 1 suprainiac depression, although they used this 
feature as the only basis on which to support their conclusion that this specimen 
represents an “atypical” Neanderthal. Unlike the comparative shape analysis con-
ducted by Harvati et al. (2019), Rosas and Bastir’s (2020) analysis was limited to 
the occipital bone and did not consider the entire available morphology of the speci-
men, nor did it include a representative comparative sample of early H. sapiens. 
Even so,  they did not find any morphological similarities with Neanderthals for 
Apidima 1, instead placing it close to H. erectus and Pleistocene H. sapiens in their 

Fig. 5 Principal component analysis of the shape of the Apidima 1 neurocranium (left) and mid-
sagittal profile (right), based on 3-D landmarks and semilandmarks, with a comparative sample of 
Pleistocene H. sapiens (blue triangles), H. neanderthalensis (red stars), H. heidelbergensis sensu 
stricto (or pre-Neanderthals, yellow squares), and African Middle Pleistocene specimens (H. rho-
desiensis or pre-sapiens; magenta squares). Petralona: Pt. Apidima 1 (black diamond) is projected 
into the PCA, which was calculated on the comparative sample. Both analyses classified Apidima 
1 as H. sapiens (neurocranium: posterior probability 100%; midsagittal profile posterior probabil-
ity 93%). (Adapted from Harvati et al. (2019))
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PCA plot (Rosas and Bastir 2020). It is worth noting that, to the author’s knowl-
edge, none of these researchers have examined the Apidima fossils, relying instead 
on low-resolution medical CT scans obtained in the early 2000s. Further research is 
currently ongoing to help shed additional light on the phylogenetic affinities and 
archaeological context of this important specimen.

Apidima Cave Γ Of the five caves constituting the Apidima Cave complex in 
western Mani, Cave Γ has yielded modern human skeletal remains presumed to date 

Fig. 6 Apidima 1 occipital region. Top: CT scan images of Apidima 1 illustrating what is pre-
sented as a Neanderthal-like suprainiac fossa by De Lumley et al. (2020), enclosed in the red box 
(Image adapted from De Lumley et al. (2020)). Bottom: posterior view of the CT scan used in 
Harvati et  al. (2019) and sagittal section illustrating the internal morphology of the suprainiac 
depression. La, lambda; In, inion; SD, suprainiac depression. Red arrow points to the area misiden-
tified as the suprainiac depression by De Lumley et al. (2020). Note the nonstandard, oblique angle 
of the CT section presented by De Lumley et al. (2020; top), which does not give a clear image of 
the internal configuration of the bone. Our CT section (bottom) illustrates that there is no thinning 
of the diploic layer at the supriniac depression of Apidima 1, contra De Lumley et al. (2020), and 
unlike the condition described for Neanderthals (Balzeau and Rougier 2013)
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to the Upper Paleolithic. Cave Γ is situated >13 m above Cave A and stratigraphi-
cally above the breccia cone encasing the Apidima 1 and 2 fossil human crania (see 
Harvati et  al. 2019). An incomplete skeleton (LAO 1/S3) from Cave Γ has been 
proposed to represent an early Upper Paleolithic burial (Pitsios 1985, 1995) and was 
reportedly found associated with lithics described as possibly Aurignacian (Darlas 
1995). However, neither the Cave Γ skeleton nor the artifacts or faunal remains 
recovered there have been described in detail or dated. Similarly, isolated teeth 
reported from this cave may represent additional individuals, possibly not associ-
ated with the archaeological material or the purported burial (Pitsios 1985, 1995). 
The chronology and cultural affiliation of these remains are therefore as yet uncer-
tain (Harvati et  al. 2009; Harvati 2016). Recent direct dating of human skeletal 
remains from Cave Γ using the U-series method found a terminal Pleistocene mini-
mum age for these individuals, thus confirming their Pleistocene age (Harvati 
et al. in press). However, further research is needed to establish an upper age limit 
and to investigate their possible association with the described Upper Paleolithic 
assemblage.

Franchthi Cave Fragmentary human remains dating to the terminal Pleistocene 
have been recovered during excavation at Franchthi Cave, southern Argolid. These 
include a mandibular fragment, three isolated teeth, and two postcranial fragments, 
all of them representatives of H. sapiens (Harvati et al. 2009). These remains are 
associated with Epigravettian cultural remains.

5  Summary

Although paleoanthropology in Greece is at its infancy, the currently known Greek 
human fossil record is surprisingly rich for the state of research. As expected for a 
region acting as both refugium and dispersal corridor throughout the Pleistocene, it 
is also quite diverse. Major shortcomings are the lack of controlled excavations and 
therefore lack of context and chronological control for most of the human fossils 
known, although recent research is helping to remedy this situation through renewed 
attempts at direct dating (e.g., Bartsiokas et  al. 2017; Harvati et  al. 2019) and 
detailed analyses of their affinities (e.g., Harvati 2009, 2016; Harvati et al. 2011, 
2013, 2019; Röding et al. in press). This work has already led to breakthroughs in 
our understanding of human evolution in Greece, as with the identification of an 
early modern human expansion reaching as far as Europe, something that was not 
suspected before (Harvati et al. 2019; Delson 2019). Further efforts in this direction 
can be expected to further clarify the record. At the same time, renewed efforts at 
systematic, targeted identification and investigation of paleoanthropological sites in 
the field should be pursued, both to add to this important record and to further 
clarify the context of human evolution in Greece.
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Albuliformes (cont.)
Bregmacerotidae, 157, 158
Bythitidae, 161, 162
Carangidae, 164, 165
Carapidae, 159, 160
Cepolidae, 170, 171
Chlorophthalmidae, 153, 154
Citharidae, 165
Clupeidae, 150
Congidae, 148, 149
Cynoglossidae, 167, 168
Engraulidae, 149
Epigonidae, 169, 170
Gadidae, 158, 159
Gobiidae, 162
Haemulidae, 170
Macrouridae, 156, 157
Microstomatidae, 151
Moridae, 157
Myctophidae, 155
Ophidiidae, 160, 161
Phosichthyidae, 153
Pomacentridae, 163
Rafinesque, 170
Scopelarchidae, 154
Scophthalmidae, 165, 166
Soleidae, 167
Sparidae, 171, 172
Sternoptychidae, 152
Stomiidae, 153
Trachinidae, 168, 169
Trichiuridae, 168

Alectis ciliaris, 116
Alectis psarianosi, 116
Alilepus, 620, 624, 625
Alilepus turolensis, 620, 625
Aliveria brinkerinki, 412–414
Aliveria luteyni, 413
Allactaga, 455, 456
Allocricetus bursae, 496
Allocricetus ehiki, 497
Alloptox, 621, 622
Alloptox anatoliensis, 621, 622
Alosa alosa, 102
Alosa crassa, 103
Alosa elongata, 103
Alpine sedimentary, 124
Amebelodon britti, 320–322
Amebelodon cyrenaicus, 321
Amebelodontidae, 300, 303, 320
Amorphognathus, 39
Amorphognathus ordovicica, 39
AMPG, 6

Amphibia
Cryptobranchidae, 189
Proteidae, 188, 189
Salamandridae

Lissotriton sp., 190
Ommatotriton sp., 190
Salamandra sp., 191
Salamandrina sp., 190

urodelans, 188
Amphiorycteropus, 284, 285
Amphiorycteropus gaudryi, 285, 287
Amphiorycteropus pottieri, 287, 288
Amphisbaenians, 211
Anancinae, 325–327
Anancus, 325–327
Anancus arvernensis, 327, 328, 330, 357
Anancus lehmanni, 326, 327, 330
Anastrophognathus, 39
Anastrophognathus sagittalis, 39
Ancestor–descendant relationship, 347
Ancestral African apes, 660
Ancoradella, 39
Ancoradella ploeckensis, 39
Ancyrodella, 39
Ancyrodella nodosa, 39
Andrias scheuchzeri, 189
Anguines, 212
Anguis cephalonica, 213
Anguis fragilis, 213
Anguis graeca, 213
Anomalomyinae

Anomalomys sp.
A. gaudryi, 463, 464
A. minor, 465

Prospalax sp.
P. petteri, 465
P. priscus, 466

Anomalomys gaudryi, 463, 464
Anomalomys minor, 465
Anteroposteriorly shortened skull, 345
Anthracobunidae, 301
Antiquity, 348
Anura

Alytidae
Latonia sp., 191, 192

Bufonidae
Bufo sp., 196
Bufotes sp., 196, 197

Discoglossus, 193
Hylidae

Hyla sp., 193, 194
Pelobates sp.

P. syriacus, 196
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Rana sp.
Late Pleistocene, 195
R. dalmatina, 195
R. graeca, 195

Ranidae
Pelophylax sp., 194, 195

Anuran fossils, Greek localities, 198–199
Anurans, 185
Apatognathus, 40
Apatognathus inversus, 45
Apatognathus varians, 40
Apidima Cave A, 678–681, 683
Apidima Cave Γ, 682
Apodemus atavus, 529, 530
Apodemus dominans, 528, 529
Apodemus flavicollis, 527
Apodemus gorafensis, 527, 528
Apodemus jeanteti, 531
Apodemus levantinus, 527
Apodemus mystacinus, 526, 527
Apolakkia, 301
Archaeolaginae, 613
Archidiskodon, 365
Archidiskodon cf. meridionalis, 366
Archidiskodon meridionalis, 353, 355–357
Archidiskodon meridionalis archaicus, 369
Archidiskodon meridionalis cromerensis, 352
Archidiskodon meridionalis meridionalis, 352
Archidiskodon meridionalis proarchaicus, 

360, 378
Archidiskodon stefanescui, 366
Arcualia, 1
Argentina sphyraena, 151
Argentinidae, 151
Argyropelecus hemigymnus, 108
Argyropelecus sp., 108
Arnoglossus kokeni, 166
Arnoglossus laterna, 120, 166
Arsinoitherium zitelli, 301
Arvicanthis broekhuisi, 523, 524
Arvicanthis niloticus, 523
Arvicola mosbachensis, 566
Arvicola terrestris, 566
Arvicolinae

Arvicola sp.
A. mosbachensis, 566
A. terrestris, 566
Late Pleistocene, 565
taxa, 565
transitional form, 565
Upper Pleistocene locality, 565

Borsodia sp.
B. newtoni, 552, 553

taxa, 552
Chionomys sp., 564
Dinaromys sp., 564, 565
Dolomys sp.

D. milleri, 548
D. nehringi, 549
D. occitanus, 548, 549

Kalymnomys sp., 555, 556
Kislangia sp., 556–558
Lagurodon sp., 553, 554
Lagurus sp., 555
Microtodon sp.

M. komanensis, 538, 539
taxa, 538

Microtus sp.
Kalymnos, 560
localities, 559
M. arvalidens, 563
M. eleniae, 562, 563
M. jordanica, 562
MNQ20 faunas, 560
molars, 560
M. pitymyoides, 561
M. pliocaenicus, 560, 561
M. ruffoi, 561, 562
taxa, 559

Mimomys sp.
M. davakosi, 542–544
M. gracilis, 545
M. hajnackensis, 543, 545
M. ostramosensis, 547
M. pliocaenicus, 541, 542, 546
M. reidi, 545, 546
M. savini, 547, 548
M. ss, 546

Myodes sp., 555
Pitymimomys sp., 558
Pliomys sp.

P. episcopalis, 550–552
P. graecus, 550

Prolagurus sp., 554
Promimomys sp.

M. cor, 539
p. cor, 540
p. insuliferus, 541

Propliomys sp., 549, 550
Arvicolinae indet, 537
Ascidians (Urochordata), 1
Atherina boyeri, 164, 165
Atherinidae, 164
Atheriniformes, 111
Atlantoxerus rhodius, 423, 424
Aulopiform ray-finned fishes, 128
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Aulopiformes
Dercetidae, 106
Enchodontidae, 106
Paralepididae, 107

Axios-Thermaikos Basin (ATB)
geological setting, 17, 21, 22
stratigraphic evolution, 22, 23
vertebrate fossils, 23

Axios valley, 3, 300, 640

B
Baboons, 639
Barbus barbus, 105
Bathygadus novus, 156
Bavarian soldier, 2
Bellotia apoda, 161
Belodella, 40
Belodina, 40
Belodus compressus, 40
Belodus devonicus, 40
Belone belone, 112
Biostratigraphy, 301
Bispathodus, 41
Blackia miocaenica, 417, 418
Blanus strauchi, 211
Blenniidae, 164
Blenniid otoliths, 164
Blenniiformes, 113
Boops boops, 118
Borsodia newtoni, 552, 553
Bothidae, 120, 166, 167, 172
Brachyodont molars, 366
Brackish sediments, 26
Bransatoglirinae

Bransatoglis sp.
S. complicatus, 433
S. concavidens, 432
S. sjeni, 432, 433

Bransatoglis complicatus, 433
Bransatoglis concavidens, 432
Bransatoglis sjeni, 432, 433
Bregmaceros albyi, 111, 112, 158
Bregmaceros mcclellandi, 111, 157
Bregmacerotidae, 157, 158
BSPM-PIK-AS II.11, 7
Budurovignathus, 41
Bufotes viridis, 197
Bufo vulgaris, 196
Bulletin of the Hellenic Speleological 

Society, 7
Bunodont molars, 303
Bythitidae, 161, 162

Byzantinia bayraktepensis, 477
Byzantinia hellenicus, 478–480
Byzantinia nikosi, 477, 478
Byzantinia pikermiensis, 476–479

C
Calomyscus bailwardi, 500
Calomyscus delicatus, 501
Calomyscus minor, 500
Caproidae, 123, 124
Carangidae, 164, 165
Carangiformes, 116, 117
Carapace, 248, 251–253, 257, 260, 264, 

265, 268–270
Carapidae, 159, 160
Carnepigondolella, 41
Carniodus, 41
Carniodus carnulus, 41
Caspialosa nordmanni, 103
Castor atticus, 575
Castor fiber, 453, 454
Castoridae

Castor sp.
fossil castorids, 454
sedimentological data, 454
taxa, 453

Chalicomys sp.
C. jaegeri, 453
taxa, 452

Cavusgnathus, 42
Cavusgnathus alta, 42
Cenozoic fish faunas, 172
Centrochelys sulcata, 262
Centropomidae, 121
Cepola macrophthalma, 170, 171
Cepolidae, 170, 171
Cercopithecids, 641
Cercopithecinae

Macaca, 651
Paradolichopithecus (see 

Paradolichopithecus)
Cercopithecines, 641
Chalicomys jaegeri, 452, 453
Chalicothere specimens, 27
Chalkidiki sub-basin, 23
Chamaeleo andrusovi, 207
Chamaeleo parisiensium, 207
Chamaeleonids, 207
Cheirogaster, 249
Cheirogaster bacharidisi, 260
Chersine hermanni, 259, 266, 267
Chevron-shaped muscle blocks, 36
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Chirodella, 42
Chirodella triquetra, 42
Chlorophthalmidae, 153, 154
Chlorophthalmus agassizi, 154
Choerolophodon, 315–319, 330
Choerolophodon anatolicus, 317, 318, 330
Choerolophodon chioticus, 315–317, 330
Choerolophodon pentelici, 317–320, 330
Choerolophodontidae, 300, 303, 314–319
Chrysavgi Formation, 25
Citellus, 430
Citharidae, 165
Cladograms, 642, 659
Clemmydopsis, 248
Clemmys caspica, 255
Clupeidae, 144, 150, 151

Alosa sp., 103
distribution, 103
isolated scales, 103
Late Miocene, 103
taxa, 103

Sardina sp., 103
Spratelloides sp., 104

Clupeiformes, 103
Clydagnathus windsorensis, 35
Cobras, 224
Coelodus muensteri, 101
Coelodus saturnus, 101
Coelorinchus spp., 157
Colobinae, 639, 641

Dolichopithecus, 649, 650
Mesopithecus (see Mesopithecus)

Colobus, 639
Coluber naja, 224
Colubrinae, 220
Congidae, 148, 149
Conodonta

classification, 34–36
description, 33
distribution, 36, 37
fossil localities, 69–83
history, 34
localities, 36, 37
structure, 34
temporal distribution, 38

Conodonten, concept, 34
Continental, 245
Conveyor belt, 303
Coral snakes, 223
Cordylids, 212
Cornudina, 42
Cratognathodus, 42
Cretaceous–Paleogene of Pindos Unit, 124

Crete, 94
Cricetinae

Allocricetus sp.
A. bursae, 496
A. ehiki, 497
Cricetulus sp., 497

Cricetinus sp.
C. koufosi, 498, 499
C. varians, 497
morphological features, 498

Cricetulodon sp.
C. cretensis, 490, 491
C. sabadellensis, 490

Cricetulus sp., 496
Cricetus sp., 480

C. cricetus, 498
C. kormosi, 499
C. lophidens, 499, 500

Democricetodon sp.
D. affinis, 484
D. anatolicus, 484
D. crassus, 480, 481
D. franconicus, 481, 482
D. gaillardi, 483
D. gracilis, 482, 483
intraspecific morphological 

variation, 481
Miocene locality, 481

Hypsocricetus sp., 493, 494
Karydomys sp.

K. boskosi, 485
K. Karydomys, 484, 485
K. strati, 485, 486
K. symeonidisi, 486

Megacricetodon sp.
assemblages, 487
locality, 487
M. hellenicus, 487, 488
M. minor, 489
M. primitivus, 488, 489
taxas, 486, 487

Mesocricetus sp.
fossils, 494
M. primitivus, 495, 496
Pleistocene Greek localities, 494

Neocricetodon sp.
N. browni, 492, 493
N. lavocati, 492
taxas, 491
Turolian fauna, 491

Cricetinus koufosi, 498, 499
Cricetinus varians, 497
Cricetodon aliveriensis, 475
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Cricetodon medius, 461
Cricetodon meini, 476
Cricetodon sansaniensis, 474
Cricetodontinae

Byzantinia sp.
B. bayraktepensis, 477
B. hellenicus, 478–480
B. nikosi, 477, 478
B. pikermiensis, 476–479

Cricetodon sp.
C. aliveriensis, 475
C. meini, 476
C. sansaniensis, 474

Deperetomys sp., 474
Cricetulodon cretensis, 490, 491
Cricetulodon sabadellensis, 490
Cricetulus griseus, 496
Cricetus cricetus, 498
Cricetus kormosi, 499
Cricetus lophidens, 499, 500
Crocodylians

Balkans, 238
carnivorous, 237
Cenozoic diversity, 237
crown, 240
distribution, 238, 239
geographic distribution, 237
Greece, 237, 240, 241
Greek localities, 239
Miocene, 241
Neogene, 238
osteoderm, 238, 240
paleoenvironments, 237
phylogenetic relationships, 238
semiaquatic reptiles, 237
teeth, 240

Crocodylian teeth, 240
Cryptobranchid salamanders, 189
Cryptobranchidae indet, 189
Cryptodira, 245, 253
Cryptopterus thaleri, 417
Cryptopterus tobieni, 417
Ctenodactylinae

Sayimys sp.
morphological and metrical 

similarities, 572
S. intermedius, 572
S. obliquidens, 572
S. perplexus, 571
taxa, 571

Ctenognathus, 43
Ctenognathus murchisoni, 43
Cyclopes, 348

Cyclothone acclinidens, 107
Cyclothone gaudanti, 107, 108
Cynoglossidae, 167, 168
Cynoglossus lingua, 168
Cynoglossus obliqueventralis, 168
Cypridodella, 43
Cypridodella conflexa, 43
Cyprinidae

Barbus sp., 105
Cyprinion sp., 105
Cyprinus sp., 104, 105

Cyprinion macrostomus, 105
Cyprinodontiformes, 113

D
Dactylopterus volitans, 119
Daouitherium, 299
Debruijnia kostakii, 468, 469
Deinotheres, 303–305, 307–310, 329, 330
Deinotheriidae, 300, 303, 305
Deinotherium, 308–312
Deinotherium giganteum, 307–309, 330
Deinotherium proavum, 309–312
Democricetodon affinis, 484
Democricetodon anatolicus, 484
Democricetodon crassus, 480, 481
Democricetodon franconicus, 481, 482
Democricetodon gaillardi, 483
Democricetodon gracilis, 482, 483
Dental features, 303
Dental morphology, 613
Dentinal rods, 320
Dercetidae, 106
Dercetis scutatus, 106
Desmatolagus, 613
Desmostylia, 301
Devonian rock, 34
Dichodella alternata, 43
Didymodella, 43
Diplododella, 44
Diplododella bilateralis, 44
Diplognathodus, 44
Diploic layer, 680
Dipodidae

Allactaginae, 455, 456
Sicistinae, 454, 455

Discoglossus pictus, 193
Discoglossus sp., 193
Distacodus simplex, 58
Dolichophis, 220
Dolichopithecus, 640, 641, 649, 650
Dolichopithecus arvernensis, 649
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Dolichopithecus ruscinensis, 644, 649, 650
Doliognathus, 44
Doliognathus tata, 44
Dolomys milleri, 548
Dolomys nehringi, 549
Dolomys occitanus, 548, 549
Double-domed vertex dorsally, 373
Dryomimus eliomyoides, 451, 452
Dryomyinae

Dryomys sp.
faunal list, 438
taxas, 438
Upper Pleistocene faunas, 438

Eliomys sp
E. intermedius, 437
E. melanurus, 437
fossil assemblage, 437
taxa, 437

Glirulus sp.
G. agelakisi, 435
G. diremptus, 434
G. werenfelsi, 436
taxa, 433

Microdyromys sp.
concave occlusal surface, 436
metrically and morphologically, 437
taxa, 436

Dryomys hamadryas, 447
Dryopithecus, 659
Dryopithecus macedoniensis, 661

E
Early Pleistocene, 577
Early stage of vertebrate, 4
Echiodon dentatus, 160
Eggshells, 264
Elaphe quatuorlineata, 221
Elephant dental, 357
Elephantida, 314
Elephantidae, 300, 345

Mammuthus (see Mammuthus)
phylogenetic roots, 346

Elephantiformes, 303
Elephantimorpha, 303, 310
Elephantimorphs, 305
Elephantinae Gray, 347
Elephant molar, 348
Elephants

distribution, 348–360, 362
history, 348–360, 362
and mammoths, 380
phylogenetic relationships, 346–348

taxonomy, 346–348
Elephas, 346–349
Elephas (Palaeoloxodon) aff. antiquus, 356
Elephas americanus, 312
Elephas antiquus, 358, 359, 365
Elephas antiquus var. gortyniensis, 377, 378
Elephas (Palaeoloxodon) cephallonicus, 362, 

363, 378, 379
Elephas cf. meridionalis, 365
Elephas creticus, 7
Elephas gortynius, 377, 378
Elephas–Mammuthus clustering, 348
Elephas maximus, 299, 367
Elephas minor, 377, 378
Elephas namadicus naumanni, 373
Elephas planifrons, 365
Elephas primigenius, 364
Eliomys intermedius, 437
Eliomys melanurus, 437
Ellisonia, 44
Ellisonia triassica, 44
Emydidae, 254–255
Emys fuliginosus, 256
Emys orbicularis, 254, 255
Enantiognathus, 45
Encephalization quotient, 303
Enchodus cf. dirus, 97, 106
Enchodus lewesiensis, 106
Engraulidae, 149
Engraulis encrasicolus, 149
Entoplastron, 257, 259, 262, 264, 269, 272
Eocene radiation, 299
Eomyidae

Eomyops sp.
E. catalaunicus, 569
Leptodontomys, 568
molars, 569
taxa, 568

Keramidomys sp.
K. carpathicus, 570, 571
K. ermannorum, 571
K. mohleri, 571
taxa, 570

Pseudotheridomys sp.
assemblages, 568
P. parvulus, 567, 568
taxa, 567

Eomyops catalaunicus, 569
Epigondolella, 45, 46
Epigonidae, 169, 170
Eptahori Formation, 19
Equus petraloniensis, 7
Eritherium, 299
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Erycidae, 219
Eryx jaculus, 219
Eumyarioninae

Eumyarion sp., 461–463
E. latior, 461, 462
E. leemanni, 463
E. weinfurteri, 462, 463
taxas, 461

Mirabella sp.
M. hansoulii, 459, 460
M. tuberosa, 459–461

Eumyarion latior, 461, 462
Eumyarion leemanni, 463
Eumyarion weinfurteri, 462, 463
Euprioniodina, 46
Euprioniodina deflecta, 46
Eurasian rodent evolution, 577
Eurasian-wide perspective, 364
European and North American museums, 3
European freshwater ichthyofaunas, 125
Eurygnathodus, 46
Eurygnathodus costatus, 46
Extant amphibians, 185

F
Falcodus, 46
Falcodus angulus, 46
Finer-grained deposits, 25
Fossil actinopterygians, 93
Fossil fish otoliths studies, 145, 147
Fossil mammal sites, 348
Fossil otoliths

aragonitic, 143
biogeochemical proxies, 144
distribution, 146, 147
fossil records, 145
Greek localities, 173
morphological nomenclature, 144
paleobathymetric and paleoecologic 

indicators, 143
paleoceanographic conditions, 143
sets, 143
skeletal-based records, 144
species-specific morphology, 143
systematic paleontology (see 

Albuliformes)
Fossil record

aardvarks (see Aardvarks)
conodonts (see Conodonta)

Fossil treasures, 2–6
Fossil vertebrates, 13
Franchthi Cave, 267, 682

Furnishius, 47
Furnishius trisseratus, 47

G
Gadella gracilis, 111
Gadella sp., 111
Gadiculus argenteus, 159
Gadidae, 158–160
Gadiform ray-finned fishes, 130
Gadiformes

Bregmacerotidae, 111
Gadidae, 110
Moridae, 111

Gaidropsarus, 159
Genome-wide duplication, 1
Genus Albula, 148
Genus Lissotriton, 188
Geochelone, 259
Geochelonini, 260
Geochronologic ages, 346
Geoemydidae, 248, 256
Geographic distribution

elephants, 350
miocene hominoids, 661, 662, 666
Old World monkeys 

(Cercopithecidae), 642–644
Palaeoloxodon, 351

Geological Society of Hannover, 673
Geology–Palaeontology Museum, 360
Georgiomeryx georgalasi, 7
Gerakarou Formation, 25
Gerbillinae

Meriones sp.
M. tamariscinus, 505
M. tristrami, 505
taxa, 505

Pseudomeriones sp.
P. abbreviatus, 502, 504
P. megistos, 502–504
P. pythagorasi, 502
P. rhodius, 504, 505
taxa, 501
Turolian faunas, 502

Giant tortoises, 245–249, 260–264
Giants, 348
Glacial period, 357
Gladigondolella, 47
Gladigondolella tethydis, 47
Gliridae

Bransatoglirinae, 432–433
Dryomyinae, 433–438
locality Plakias, 432

Index



697

Myomiminae, 447–452
subfamily, 438–447

Glirudinus euryodon, 439
Glirudinus gracilis, 439, 440
Glirudinus sp.

G. euryodon, 439
G. gracilis, 439, 440
taxas, 439

Glirulus agelakisi, 435
Glirulus diremptus, 434
Glirulus gracilis, 438
Glirulus werenfelsi, 436
Glis, 432
Glis galitopouli, 441, 442
Glis minor, 442–444
Glis sackdillingensis, 443, 444
Glis sp.

fossil material, 441
G. galitopouli, 441, 442
G. minor, 442–444
G. sackdillingensis, 444
taxas, 441

Gnathodus, 48
Gnathodus homopunctatus, 63
Gnathodus mosquensis, 48
Gobiidae, 162
Gobiiformes, 115
Gobioids, 115
Gomphotheres, 299, 301, 303, 304,  

323, 325, 326,  
328, 330

Gomphotheriidae, 300, 303, 323, 347
Gomphotherium, 303, 330
Gomphotherium-Landbridge, 208
Gondolella, 48, 49
Gondolella elegantula, 48, 49
Gondolella mombergensis, 55, 56
Gonostomatidae, 107, 108
Gortyniensis, 378
Graecopithecus, 661, 663, 665, 666
Graecopithecus freybergi, 658, 665, 666
Grammonus ater, 161
Grammonus bassolii, 161
Great apes, 657, 659, 660
Greek fossil amphibians

distribution, 186–188
localities, 186
phylogenetic relationships, 186
Pleistocene herpetofaunas, 186
vertebrate palaeobiogeography, 186

Greek fossils, 125
Greek ray-fin fossil record

Maastrichtian actinopterygians, 94

Mediterranean actinopterygian 
diversity, 94

rudimentary-only collection, 95
stratigraphically oldest occurrence, 93
study, 93
taxonomic assessments, 94, 95
treatments, 94

Greek rodent fossil record
Dutch–Greek collaboration, 408
H. primigenia, 408
localities, 578
murids, 577
Neogene, 409
Oligocene, 408
studies, 409

Griphopithecus, 658, 659
Grodella, 49
Grodella delicatula, 49
Guenons, 639
Gymnophionans, 185, 186

H
Hadrodontina, 49
Hadrodontina anceps, 49
Haemulidae, 170
Hansdebruijnia neutrum, 511, 512
Hares, 611, 629
Heramys eviensis, 466–468
Herpetofauna, 188, 207
Hesperoloxodon, 374
Hibbardella, 49, 50
Hibbardelloides, 50
Hibbardelloides acroforme, 50
Hierophis gemonensis, 221
Hierophis hungaricus, 221
Hindeodella, 50, 51
Hindeodella subtilis, 50, 51
Hindeodella triassica, 56
Hindeodus, 51
History, 2

aardvarks, 283, 284
elephants, 348–360, 362
lagomorpha, 612
miocene hominoids, 658
neogene, 300–301
old World monkeys (Cercopithecidae), 

640, 641
Holocene, 613
Holocene record, 173
Holotype plastron, 261
Hominidae

Graecopithecus, 665, 666
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Hominidae (cont.0
Ouranopithecus, 661–665

Hominin fossil record, Greece
controlled excavations, 670
distribution, 671
evolution, 669, 670, 682
Middle Pleistocene, 669
Paleoanthropology, 669
paleolithic archaeology, 669
paleontology subfields, 669
phylogenetic relationships, 670, 671
primatology and cultural  

anthropology, 669
systematic interdisciplinary  

fieldwork, 670
Homo diluvii testis, 189
Homo heidelbergensis, 670, 674, 675
Homo neanderthalensis, 670, 675–677
Homo sapiens, 670, 672, 674
Humans, 657, 659
Hyla, 188
Hylopetes hungaricus, 419
Hylopetes macedoniensis, 419, 420
Hyoplastron, 255
Hypoplastron, 255
Hypsocricetus strimonis, 493, 494
Hypsodonty index, 346
Hyraxes

feeding, 291
geographic distribution, 293
Greek localities, 296
Halmyropotamos material, 292
incisors, 291
mammals, 291
Miocene, 292
molars, 291
phylogenetic relationships, 292
Pikermi, 291, 292
Pliohyracidae, 292
Pliohyrax graecus, 293
Pliohyrax kruppii, 295
Pliohyrax sp., 295
Procaviidae, 291
Samos Island, 291, 292
tree and rocky habitats, 291, 292

Hystricidae
Hystrix sp.

H. cristata, 573
H. primigenia, 573–576
H. refossa, 575, 576
Pliocene locality Damatria, 573
taxa, 573

indet, 573

Hystrix cristata, 573
Hystrix primigenia, 408, 573–576
Hystrix refossa, 575, 576

I
Ichthyodectiformes, 102
Icriodus, 51
Icriodus expansus, 51
Icriospathodus, 51
Idiognathodus, 52
Idiognathodus claviformis, 52
Idiognathoides, 52
Idiognathoides sinuata, 52
Institutions, 10
Intermediate Stage of  

vertebrate, 4–6, 9, 11
Iranognathus, 52
Iranognathus unicostatus, 52

K
Kalamakia cave, 677, 678
Kalymnomys major, 556, 557
Kalymnomys sp., 555, 556
Kamoyapithecus, 658
Karnimata darwini, 512
Karnimata provocator, 512, 513
Karydomys boskosi, 485
Karydomys strati, 485, 486
Karydomys symeonidisi, 484–486
Kastellios fauna, 508
Kenyapithecus, 657–659
Keramidomys carpathicus, 570, 571
Keramidomys ermannorum, 571
Keramidomys mohleri, 571
Kerosinia variabilis, 458, 459
Kislangia rex, 557
Kislangia sp., 556–558
Kockelella, 52
Kockelella patula, 52
Konobeledon atticus, 321
Konobelodon, 320–322
Konobelodon atticus, 322–323
Kowalskia fahlbuschi, 493

L
Lacertids, 209, 210
Laemonema species, 157
Lagomorpha

classification, 611
distribution, 614
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evolution and phylogenetic 
relationships, 613–615

history, 612
monophyly, 613

Lagomys sansaniensis, 614, 616
Lagurus arankae, 553, 554
Lagurus sp., 555
Lakonis cave, 677
Lamellar frequency of molars, 346
Lampreys, 1
Lancelets (Cephalochordata), 1
Laophis crotaloides, 206

Greek localities, 226
nomenclatural and taxonomic  

history, 225
oriental vipers, 226
type locality, 225
type material, 225
viperid, 225

Large-scale asymmetrical syncline, 18
Late Miocene, 577
Late Miocene–Pliocene fossiliferous 

localities, 125
Late Oligocene, 577
Late Pleistocene, 375, 379
Latinae indet, 120–122
Latonia gigantea, 191
Latonia seyfriedi, 191
Lepidopus albyi, 115
Lepidopus caudatus, 115
Leporidae, 611, 613, 614

Alilepus, 620, 624, 625
Lepus, 629–631
Oryctolagus, 627–629
Pliopentalagus, 625
Trischizolagus, 625–628

Leporids, 611
Leptodon graecus, 295
Leptolepididae, 102
Leptolepids, 99
Lepus, 624, 629–631
Lepus annectens, 624
Lepus cuniculus, 627
Lepus europaeus, 611
Lepus terraerubrae, 630, 631
Lepus timidus, 629, 630
LGPUT, 6
Ligonodina, 52
Ligonodina pectinata, 52
Lissotriton sp., 190
Lissotriton vulgaris, 190
Lizards and snakes (squamates)

agamines, 209

amphisbaenians, 211
anguines, 212
Anguis, 213
Chamaeleo parisiensium, 207
chamaeleonids, 207, 209
Coluber naja, 224
colubridae, 219, 220
cordylids, 212
distribution, 207, 208
Dolichophis, 220
Elaphe quatuorlineata, 221
Erycidae, 219
Eryx jaculus, 219
Greek fossil record, 205, 206
Hierophis gemonensis, 221
Hierophis hungaricus, 221
lacertids, 209, 210
Laophis crotaloides, 206, 225
Malpolon, 224
Mesozoic, 205
Micrurus, 223
Naja romani, 224
Natricinae, 222
Natrix, 223
Natrix rudabanyaensis, 223
Natrix tessellata, 223
Neogene and Quaternary  

localities, 206
Ophisaurus, 213
Paraxenophis spanios, 221, 222
Periergophis micros, 222
phylogenetic relationships, 206
Podarcis erhardii, 210
Pseudopus apodus, 214, 215
Python euboicus, 218
scincids, 211
scolecophidia, 217
Seps muralis, 210
tropical and temperate regions, 205
varanids, 206, 215
Varanus, 215, 216
V. atticus, 217
viperidae, 225
V. marathonensis, 216

Lochriea, 53
Lochriea montanaensis, 53
Lonchodina, 53
Lonchodina typicalis, 53
Loxodonta, 347, 348, 373
Loxodonta africana, 299, 346
Loxodonta Cuvier, 346
Loxodonta cyclotis, 299, 346
Loxodonta sp., 366
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M
Maastrichtian actinopterygians, 94
Macaca, 640, 641, 644, 651
Macaques, 639
Macrouridae, 156, 157
Malpolon, 224
Malpolon insignitus, 224
Mammonteus primigenius primigenius, 352
Mammoths, 349, 354–357, 359, 364–373, 380
Mammut, 312, 314, 315
Mammut borsoni, 314, 315, 330
Mammuthus, 347, 348, 350, 354

classification, 365
Elephas primigenius, 364
Eurasian-wide perspective, 364
mammoth lineage, 364
Mammuthus cf. primigenius, 371–373
Mammuthus ex gr. rumanus, 365–367
Mammuthus meridionalis, 360, 367–369
Mammuthus trogontherii, 369–371
molar lamellae, 364
morphological characters, 364
phylogenetic continuity, 365

Mammuthus cf. primigenius, 356, 371–373
Mammuthus ex gr. rumanus, 365–367
Mammuthus meridionalis, 350, 354, 357–360, 

364, 367–369
Mammuthus rumanus, 364
Mammuthus trogontherii, 359, 369–371
Mammutidae, 300, 310, 313–315
Mammutids, 301
Mammunt obliquelophus, 313
Mammut praetypicum, 313
Mammut sp., 313, 314
Mandrills, 639
Maramena, 187–189, 191, 194
Marathousa member, 353
Marathousa skeleton, 361
Marine environment, 2
Mastodon, 314, 318
Mastodon arvernense, 328
Mastodon arvernensis, 325–327
Mastodon atticus, 321, 322
Mastodon borsoni, 314
Mastodon cf. longirostris, 326
Mastodon elephantoides, 328
Mastodon grandincisivus, 321
Mastodon longirostris, 322, 324, 326
Mastodon pentelici, 318
Mastodon pentelicus, 315, 317, 322
Mastodon turicensis, 322
Mauremys, 248, 256–259
Mauremys aristotelica, 248, 257, 258

Mauremys caspica, 259
Mauremys rivulata, 256–259
Maurolicus muelleri, 152
Megacricetodon hellenicus, 487, 488
Megacricetodon minor, 489
Megacricetodon primitivus, 488, 489
Megalopolis, 7
Megalopolis Basin, 348, 352, 354
Meriones tamariscinus, 505
Mesocricetus primitivus, 495, 496
Mesohellenic Basin (MHB), 13

geological setting, 17–19
stratigraphic evolution, 19
vertebrate fossils, 19, 20

Mesopithecus, 2, 640–644
Mesopithecus delsoni, 645, 646
Mesopithecus monspessulanus, 648, 649
Mesopithecus pentelicus, 644–648

Mesopithecus delsoni, 645, 646
Mesopithecus monspessulanus, 648, 649
Mesopithecus pentelicus, 7, 644–648, 658, 665
Mesozoic, 33, 36, 68
Messinian marine fish otolith 

assemblages, 145
Messinian Salinity Crisis, 100
Metalonchodina, 54
Metalonchodina bidentata, 54
Metapodials, 642
Metapolygnathus, 54
Metapolygnathus communisti, 54
Metapolygnathus zoae, 41
Metaprioniodus, 54
Metaprioniodus biangulatus, 54
Metaxytherium, 397, 398
Metaxytherium cuvieri, 399
Metaxytherium krahuletzi, 399
Metaxytherium medium, 398–402
Metaxytherium serresii, 399
Metaxytherium subapenninum, 399
Microdyromys koenigswaldi, 436
Micromammalian, 27
Micromammalian fossil localities, 612
Micromys bendai, 518
Micromys cingulatus, 519, 521
Micromys kozaniensis, 519
Micromys paricioi, 521
Micromys praeminutus, 521, 522
Micromys steffensi, 519, 520
Microstomatidae, 151
Microtodon cor, 539
Microtodon komanensis, 538, 539
Microtus arvalidens, 563
Microtus eleniae, 562, 563
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Microtus jordanica, 562
Microtus pitymyoides, 561
Microtus pliocaenicus, 560, 561
Microtus ruffoi, 561, 562
Micrurus, 223
Micrurus spixii, 223
Middle–Late Eocene subduction, 19
Middle–Late Pleistocene, 356
Middle–Late Pleistocene age, 353
Middle–Late Pleistocene of Eurasia, 347–348
Middle Pleistocene, 374
Middle Pleistocene fossil record, 173
Mimomys davakosi, 542–544
Mimomys gracilis, 545
Mimomys hajnackensis, 543, 545
Mimomys ostramosensis, 547
Mimomys pliocaenicus, 541, 542, 546
Mimomys reidi, 545, 546
Mimomys savini, 547, 548
Ministry of Culture, 359
Miocene, 209, 220, 238, 246, 249, 250, 252, 

253, 257, 260–273, 283–285, 
287, 288

Miocene deposits, 20
Miocene hominoids

catarrhine primates, 657
description, 657
distribution, 661, 662
history, 658
Kenyapithecus, 657
Orrorin, 657
phylogenetic relationships, 658–660
Sahelanthropus, 657

Miocene mammal faunas, 355
Miocene radiation, 299
Miodyromys multicrestatus, 448
Miodyromys praecox, 447, 448
Miopetaurista dehmi, 416
Miopetaurista thaleri, 417
Mio–Pliocene emergence, 299–300
Mioproteus sp., 188
Mirabella hansoulii, 459, 460
Mirabella tuberosa, 459–461
Misikella, 55
Misikella longidentata, 55
Mississippian rock, 34
M. m. gromovi, 367
M. m. meridionalis, 367
M. m. vestinus, 367
Modern stage of vertebrate, 5, 6
Molars, 345–347, 349, 353–355, 357–360, 

364–375, 377, 378
Molecular phylogenies, 211

Monacanthidae, 123
Monitor lizards, 215
Monomitopus magnus, 160
Monomitopus metriostoma, 160
Moridae, 157
Morotopithecus, 659
Morphological and genetic information, 641
Morphologic characters, 345
Muridae

Anomalomyinae, 463–466
Arvicolinae (see Arvicolinae)
Cricetinae (see Cricetinae)
Cricetodontinae, 474–478
Eumyarioninae, 459–463
Gerbillinae, 501–505
Murinae (see Murinae)
Myocricetodontinae, 500, 501
Paracricetodontinae, 456, 457
Pseudocricetodontinae, 457–459
Spalacinae, 466–473

Murinae
Apodemus sp.

A. atavus, 529, 530
A. dominans, 528, 529
A. flavicollis, 527
A. gorafensis, 527, 528
A. jeanteti, 531
A. levantinus, 527
A. mystacinus, 526, 527
taxa, 526

Arvicanthis sp.
A. broekhuisi, 523, 524
A. niloticus, 523

Hansdebruijnia sp.
H. neutrum, 511, 512
Occitanomys, 510
taxa, 510

Huerzelerimys, 505
Karnimata sp.

D. darwini, 512
K. darwini, 512
K. provocator, 512, 513

Kritimys sp., 536
Micromys sp.

bendai, 518
kozaniensis, 519
M. cingulatus, 519, 521
M. paricioi, 521
M. praeminutus, 521, 522
M. steffensi, 519, 520
molars, 518
taxa, 518

Mus sp.
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Murinae (cont.)
M. aegaeus, 537
M. musculus, 536
M. rattus, 537
taxa, 536

Occitanomys sp.
O. adroveri, 515, 516
O. brailloni, 513–515
O. debruijni, 516, 517
O. magnus, 517
stephanodonty, 514
taxa, 513

Orientalomys sp.
characteristics, 535
O. similis, 535
taxa, 535

Paraethomys sp.
P. filfilae, 522
P. meini, 522, 523

Parapodemus sp.
emended diagnosis, 509
morphology, 509
P. gaudryi, 509, 510
P. lugdunensis, 510

Pelomys sp.
P. europeus, 525, 526
taxa, 525

Progonomys sp.
assemblages, 506
diagnostic features, 506
emended diagnosis, 506
P. cathalai, 506–508
P. woelferi, 507, 508

Rhagapodemus sp.
R. frequens, 531, 534
R. frequens athensis, 534, 535
R. hautimagnensis, 532
R. primaevus, 531, 532
R. vandeweerdi, 532, 534

Thallomys sp., 526
Valerymys, 505

Murinae indet, 506
Mus aegaeus, 537
Mus avellanarius, 444
Muscardinus avellanarius, 446
Muscardinus hispanicus, 445
Muscardinus pliocaenicus, 446
Muscardinus sp.

M. avellanarius, 446
M. hispanicus, 445
M. pliocaenicus, 446
M. vireti, 445, 446
taxa, 444

Muscardinus vireti, 445, 446
Mus citellus, 430
Museums, 4–6, 9, 10
Mus musculus, 536
Mus nitedula, 438
Mus rattus, 537
Myctophidae, 108–110, 155, 156
Myctophiform ray-finned fishes, 129
Myctophum dorsale, 109
Myctophum licatae, 109
Myctophum punctatum, 108
Mygdonia Basin (MB)

fossil vertebrates, 25
geological setting, 24
stratigraphic evolution, 24, 25

Myodes sp., 555
Myomiminae

Dryomimus sp.
D. eliomyoides, 451, 452

Miodyromys sp.
M. multicrestatus, 448
M. praecox, 447, 448
taxa, 447

Myomimus sp.
M. dehmi, 451
M. maritsensis, 449–451
M. personatus, 449
M. roachi, 449
taxas, 448

Myomimus dehmi, 451
Myomimus maritsensis, 449–451
Myomimus personatus, 448, 449
Myomimus roachi, 449
Myoxus japonicus, 433
Myxinoids, 36

N
Naja romani, 224
Namadicus–antiquus group, 374
Namadicus morph, 376
National governmental institutions, 6
National Museum of Natural History, 9
National Paleontological Society, 9
Natrix rudabanyaensis, 223
Natrix tessellata, 223
Natural History Museum of London, 93
Neocavitella, 55
Neocavitella cavitata, 55
Neocricetodon browni, 492, 493
Neocricetodon lavocati, 492
Neogene, 238, 249, 254, 258, 396, 612

classification, 301
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distribution, 304, 306
faunas of Greece, 300
history, 300–301
localities, 331–334
phylogenetic relationships, 301–304

Neogene deposits, 15
Neogene sedimentation, 23
Neogene–Quaternary deposits, 23
Neognathodus, 55
Neogondolella, 55, 56
Neohindeodella, 56
Neoplectospathodus, 56
Neoplectospathodus muelleri, 56
Neoprioniodus, 57
Neopterygii, 100
Neospathodus, 57
Neospathodus collinsoni, 51
Neotethyan ophiolites, 18
Nicoraella, 58
Nomina nuda, 377
Non-teleostean actinopterygians, 126
Norigondolella, 58
Northern Hemisphere, 345
Nostimochelone, 248
Nostimochelone lampra, 248, 251, 252

O
Occitanomys adroveri, 515, 516
Occitanomys anomalus, 523
Occitanomys brailloni, 513–515
Occitanomys debruijni, 516, 517
Occitanomys magnus, 517
Ochotona, 614, 619, 622, 623
Ochotona gobiensis, 621
Ochotona minor, 619, 622, 623
Ochotona pusilla, 619
Ochotonidae, 613

Albertona, 619, 621
Alloptox, 621, 622
Ochotona, 619, 622, 623
Ochotonoma, 623, 624
Prolagus, 614, 616
Prolagus michauxi, 617, 618
Prolagus sorbinii, 618, 619

Ochotonids, 611
Ochotonoma, 623, 624
Old World monkeys (Cercopithecidae)

Cercopithecinae (see Cercopithecinae)
geographic distribution, 642–644
history, 640, 641
Iberian Peninsula, 639
phylogenetic relationships, 641, 642

robust skull, 639
type localities, 652

Oligocene primates, 658
Oligopus ater, 161
Ommatotriton sp., 188, 190, 191
Oncodella, 58
Oncodella idiodentica, 58
Oneotodus, 58
Ophidiidae, 160, 161
Ophidion barbatum, 161
Ophisaurus, 213
Ordovician, 34, 35
Oriental vipers, 226
Orientalomys similis, 535
Orycteropodidae, 285–289
Orycteropus afer, 283
Orycteropus gaudryi, 283, 285
Orycteropus pottieri, 287
Oryctolagus, 627–629
Oryctolagus cuniculus, 611
Oryctolagus lacosti, 628, 629
Oryctolagus laynensis, 627, 628
Osteoderm, 238, 240
Osteosclerosis, 394
Otocephalan ray-finned fishes, 127–128
Ouranopithecus, 659–665
Ouranopithecus macedoniensis, 658, 661–665
Ozarkodina, 58, 59
Ozarkodina breviramulis, 42
Ozarkodina kockeli, 58
Ozarkodina typica, 58

P
Pachycladina, 59
Pachycladina obliqua, 59
Pachyostosis, 394
Palaeocordylus bohemicus, 212
Palaeoleuciscus chartaceus, 104
Palaeolithic artefacts, 354
Palaeoloxodon, 347, 351, 354

cranial characters, 373
Elephas namadicus naumanni, 373
Europe and E. Asia, 373
Palaeoloxodon antiquus, 361, 

362, 373–377
temperate climate, 373

Palaeoloxodon antiquus, 349, 352–357, 
359–362, 369, 373–377

Palaeoloxodon antiquus germanicus, 354
Palaeoloxodon antiquus italicus, 352
Palaeoloxodon melitensis, 352, 354
Palaeontological research, 349
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Palaeontologists, 640
Palaeosciurus fissurae, 421
Palaeosciurus sutteri, 421, 422
Paleoanthropology, 669, 674, 682
PaleoBiology Database (PBDB), 331–334, 

380, 578, 652
Paleocene–Eocene boundary, 613
Paleoecology, 301
Paleoenvironment, 13
Paleoenvironmental significance, 125
Paleolithic, 669, 675, 676, 679, 682
Paleontological research, 9
Paleontologists, 7
Paleontology, 3, 5, 6, 8, 9
Paleozoic, 33, 36, 68
Palmatolepis, 59, 60
Palmatolepis perlobata, 59, 60
Paltodus, 60
Paltodus subaequalis, 60
Parachirognathus, 60
Parachirognathus ethingtoni, 60
Paracricetodon kavakderensis, 456
Paradolichopithecus, 640, 644

Dafnero skull, 650
Paradolichopithecus arvernensis, 650, 651

Paradolichopithecus arvernensis, 650, 651
Paraethomys filfilae, 522
Paraethomys meini, 522, 523
Paragondolella, 60, 61
Paragondolella navicula, 60, 61
Paragondolella steinbergensis, 58
Paralepis albyi, 107
Parapodemus gaudryi, 509, 510
Parapodemus lugdunensis, 510
Paratrisopterus labiatus, 159
Paraxenophis spanios

features, 221
Maramena, 222
type locality, 221
type material, 221

Pars mastoidea, 301
Pelobates syriacus, 196
Pelomys europeus, 525, 526
Pelophylax, 188
Pelophylax cf. bedriagae, 195
Pelophylax cf. cretensis, 195
Pelophylax ridibundus, 195
Peloponnesus, 15
Peniós River basin, 357
Perciformes, 113
Peridyromys dehmi, 451
Periergophis micros, 220

bizarre structures, 222

characters, 222
Maramena, 222
type locality, 222
type material, 222
vertebral anatomy, 222

Periophthalmus, 116
Petralona, 669, 671, 674, 675, 681
Petralona Cave, 7
Pezosiren, 394
Phosichthyidae, 153
Phosphatherium, 299
Phylogenetic relationships

aardvarks, 284, 285
elephants, 346–348
lagomorpha, 613–615
miocene hominoids, 658–660
neogene, 301–304
old World monkeys (Cercopithecidae), 

641, 642
tortoises, 247–249
turtles, 247–249

Phylum Chordata, 38
Physiographic Museum of Athens, 7
Piacenzian marine fish faunas, 172–173
Pikas, 611, 623, 631
Pikermi, 2–7, 11, 291, 301
Pindos Ocean, 17
Pitymimomys pitymyoides, 558
Pitymimomys sp., 558
Plastron, 251, 252, 257, 261, 264, 266
Platanochori Formation, 25
Plectospathodus, 61
Plectospathodus flexuosus, 61
Pleistocene, 246, 247, 249–251, 254, 255, 

257–259, 263, 265, 267, 268, 271, 
273, 612–614, 622–626, 628–631, 
640, 642, 649–651, 669–672, 
674–676, 679, 680, 682

Pleistocene deposits, 26
Pleistocene Homo sapiens, 679
Pleurodira, 245, 251–252
Pleuronectes arnoglossus, 120
Pleuronectiformes

Bothidae, 120
Centropomidae

Acanthuriformes, 123
Caproiformes, 123, 124
Latinae indet, 120–122
Tetraodontiformes, 123

Labridae, 122
Pliocene, 209, 246, 249, 250, 253, 256, 257, 

260–265, 268, 273
Pliocene–Early Pleistocene, 348, 357, 365
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Pliocene–Early Pleistocene Proboscidea of 
Greece, 357

Pliocene–Early Pleistocene sediments, 301
Pliocene occurrences, 99
Pliocene–Pleistocene fish records, 144
Pliocene sediments, 26
Pliohyracidae, 292
Pliohyrax, 292
Pliohyrax graecus

distribution, 294
Greece, 294
nomenclatural and taxonomical 

history, 293
P. kruppii, 294
specimens, 294
type locality, 294
type specimen, 294

Pliohyrax kruppii, 295
Pliomys episcopalis, 550–552
Pliomys graecus, 550, 551
Pliopentalagus, 625
Pliopentalagus moldaviensis, 625
Pliopetaurista bressana, 415, 416
Pliopetaurista dehneli, 415, 416
Pliopetaurista pliocaenica, 416
Pliopetes hungaricus, 419
Plio-Pleistocene of East Africa, 348
Plio-Pleistocene Proboscidea, 360
Pliospalax macoveii, 469, 470
Pliospalax senii, 471, 472
Pliospalax sotirisi, 470, 471
Pliospalax tourkobouniensis, 471, 472
Podocnemidoidea, 251
Podocnemis, 251
Pollognathus, 61
Pollognathus sequens, 61
Polygnathoides, 61
Polygnathoides siluricus, 61
Polygnathus, 62
Polygnathus abneptis, 45
Polygnathus bassleri, 55
Polygnathus dubius, 62
Polygnathus mungoensis, 41
Pomacentridae, 163
Post-Oligocene basins, 14

ATB, 21–23
clastic deposits, 13
fossil vertebrates, 13
Internal Hellenic Units, 13
marine deposits, 13
MB, 24–25
MHB, 17–20
Neogene deposits, 15

Peloponnesus, 15
post-Alpine deposits, 14
PTB, 20–21
ray-finned fishes, 14
research/studies, 14
SB, 25–27
synsedimentary tectonic influence, 14
synthetic basins, 16

Pre-Mygdonian Group, 25
Pre-Neogene fossil record, 124
Pre-Neogene rodent faunas, 577
Primelephas, 347, 348
Principal component analysis, 680, 681
Prioniodella, 62
Prioniodella normalis, 62
Prioniodina, 62, 63
Prioniodina kochi, 42
Prioniodina subcurvata, 63
Prioniodus angulatus, 49
Prioniodus conjuctus, 57
Proboscidea, 299
Proboscidean, 299, 300, 329

families, 345
mammals, 345
synapomorphies, 301
taxonomy, 301

Proboscidean Datum Event, 330
Proconsul, 658, 659
Prodeinotherium, 305–308
Prodeinotherium bavaricum, 307, 308, 330
Prodeinotherium cuvieri, 307, 308, 311, 329
Prodinotherium hungaricum, 305, 307
Progonomys cathalai, 506–508
Progonomys woelferi, 507, 508
Prohyrax, 292
Prohyrax hendeyi, 295
Prohyrax tertiarius, 295
Prolagurus pannonicus, 554
Prolagus, 614, 616
Prolagus crusafonti, 616, 617
Prolagus michauxi, 617, 618
Prolagus sorbinii, 618, 619
Promimomys cor, 540
Promimomys insuliferus, 541
Promissum pulchrum, 35
Propliomys hungaricus, 549, 550
Prorastomus, 394
Prospalax macoveii, 468
Prospalax petteri, 465
Prospalax priscus, 466
Pseudocricetodon moguntiacus orientalis, 

457, 458
Pseudocricetodon montalbanensis, 457
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Pseudocricetodontinae
Kerosinia sp.

K. variabilis, 458, 459
Pseudocricetodon sp.

P. moguntiacus orientalis, 457, 458
P. montalbanensis, 457

Pseudognathodus, 63
Pseudomeriones abbreviatus, 502, 504
Pseudomeriones megistos, 502–504
Pseudomeriones pythagorasi, 502
Pseudomeriones rhodius, 504, 505
Pseudopolygnathus, 63
Pseudopolygnathus prima, 63
Pseudopus apodus, 214, 215
Pseudotheridomys parvulus, 567, 568
Pterothrissus gissu, 148
Ptolemais Basin (PTB)

geological setting, 20
stratigraphic evolution, 20, 21
vertebrate fossils, 21

Pycnodontidae, 101
Pycnodontiformes, 100
Pyrgos Vassilissis, 658
Python euboicus

Heteropython, 218
holotype, 218
nomenclatural and taxonomic history, 218
taxon, 218
type locality, 218
type material, 218
vertebrae, 218

Q
Quaternary, 346

R
Rabbits, 611, 629
Rafinesque, 170
Rana bufo, 196
Rana dalmatina, 195
Rana graeca, 195
Rana temporaria, 195
Ray-finned fishes, 14

biodiversity, 92
collection information, 93–95
evolutionary history, 92
fossil records, 92
Greece distribution, 97–100
Greek localities, 126
lineages, 91
origins, 91

paleoichthyology, 93
phylogenetic relationships, 95–97
spatiotemporal distribution, 125
systematic paleontology (see 

Actinopterygii systematic 
paleontology)

taxonomic dominance, 91
three-dimensional anatomical structure, 92
vertebrate animals clade, 91

Rhagapodemus frequens, 534
Rhagapodemus frequens athensis, 533–535
Rhagapodemus hautimagnensis, 532
Rhagapodemus primaevus, 531, 532
Rhagapodemus vandeweerdi, 532–534
Rich Tortonian marine assemblages, 99
River-borne sediment, 23
Rodents

classification work, 410
diverse mammalian orders, 407
geographic distribution, 411
Greek (see Greek rodent fossil record)
high-quality taxonomic framework, 408
molars, 407
Oligocene, 410
phylogenetic relationships, 409
Pleistocene, 410
rapid evolution, 408
recovery, 410
sampling, 407
seperation, 407
suborders, 409

Rounded-trapezoidal orbits, 649
Roundya, 64
Roundya barnettana, 64
Rukwapithecus, 658, 659

S
Sahelanthropus, 659
Sahelanthropus tchadensis, 669
Sakya, 248
Salamandra sp., 191, 192
Salamandra terrestris, 191
Salamandrina, 188
Salamandrina sp., 190
Salaria pavo, 113
Salonique, 3–5, 300
Samos, 2–5, 283–287, 301
Sarcopterygians, 95
Sardina pilchardus, 103, 150
Sarmatemys, 248
Sayimys intermedius, 572
Sayimys obliquidens, 572
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Sayimys perplexus, 571
Scaliognathus, 64
Scaliognathus anchoralis, 64
Scaphignathus, 64
Scaphignathus velifera, 64
Scincids, 211
Sciuridae, 412–422
Sciurinae

Pteromyini (see Tribe Pteromyini)
Tribe Sciurini, 420–422

Sciuropterus everetti, 418
Sciuropterus pliocaenicus, 413
Sciurus anomalus, 422
Sciurus bredai, 426
Sciurus (Palaeosciurus) feignouxi Pomel, 

1853, 420
Sciurus getulus, 423
Sciurus gibberosus, 416
Sciurus glis, 441
Sciurus Linnaeus, 1758, 420
Sciurus striatus, 424
Sciurus vulgaris, 421, 422
Scolecophidia, 217, 220
Scomberesox saurus, 112
Scomber scombrus, 114
Scomberomorus regalis, 114
Scombriformes, 114
Scopelarchidae, 154
Scopelarchus analis, 154
Scophthalmidae, 165, 166
Scophthalmus rhombus, 166
Sea cows

anatomical changes, 394
Arkalies, 395
Cephalonia Islands, 396, 397
Crete, 395–397
Desmostylia, 395
Dugongidae, 393, 396
European species, 396
feature, 394
Filippoi, 395
Gavdos, 396, 397
Greece, 394
Greek localities, 396, 402
Hydrocharitaceae, 393
Kotsiana, 395
large and robust mammals, 393
localities, 394, 395
Machairidi, 394
Metaxytherium, 397, 398
Metaxytherium medium, 398–402
Miocene, 394, 395
Neogene, 396

osteosclerosis, 394
pachyosteosclerotic ribs, 394
pachyostosis, 394
Pezosiren, 394
Potamogetonaceae, 393
Proboscidea, 395
Prorastomus, 394
rib fragments and tusk, 395
ribs, 394
sirenians, 393

Semnopithecus monspessulanus, 649
Seorsumuscardinus alpinus, 446, 447
Seorsumuscardinus sp., 446, 447
Sephardiella, 64
Sephardiella mungoensis, 64
Serranidae, 113
Serranus cabrilla, 113
Sesklo, 301
Shansiemys, 248
Shell, 245, 246, 248, 252–257, 259, 260, 

263–266, 269, 271, 272
Shovel-tuskers, 320
Sigmodon atavus, 538
Simia inuus, 651
Single-domed skull, 364
Single morphology, 34
Sinolagomus, 613
Siphonodella, 64
Siphonodella duplicata, 64
Sirenia, 394
Sirenians, 393
Society, 9
Soft-shelled turtles, 247, 248, 253, 254, 273
Soleidae, 167
Spalacinae

Debruijnia sp.
D. kostakii, 468, 469

Heramys sp.
H. eviensis, 466–468

Pliospalax, 472
Pliospalax sp.

P. macoveii, 468–470
P. senii, 471, 472
P. sotirisi, 470, 471
P. tourkobouniensis, 471, 472

Spalax sp.
extant species, 472
S. microphthalmus, 472
S. nehringi, 473
S. odessanus, 473
taxas, 472

Spalax leucodon, 473
Spalax microphthalmus, 472, 473
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Spalax nehringi, 473
Spalax odessanus, 473
Spalax priscus, 465
Sparidae, 171, 172
Spariformes

Centriscidae, 118
Dactylopteridae, 119
Sparidae, 118
Syngnathidae, 119

Spathodus primus, 65
Spathodus spinulicostatus, 41
Spathognathodus, 65
Spathognathodus coloradoensis, 44
Spathognathodus cristagalli, 57
Spathognathodus cristulus, 51
Spathognathodus whitei, 66
Spermophilinus besana, 427
Spermophilinus bredai, 428
Spermophilinus giganteus, 429, 430
Spermophilus citelloides, 431
Spermophilus nogaici, 431
Spratelloides gracilis, 104
Stegodibelodon, 347
Stegodon, 328, 329, 346
Stegodon sp., 329
Stegodontidae, 328, 329
Stegodonts, 299, 300, 303, 346
Stegolophodon, 346
Stegotetrabelodon, 346, 347
Stegotetrabelodontinae, 347
Stegotetrabelodontinae Aguirre, 347
Stellagama stellio, 209
Sternoptychidae, 152

Argyropelecus sp., 108, 109
Maurolicus sp., 108

Stomiatiform ray-finned fishes, 129
Stomiidae, 153
Stratigraphy, 13
Streptognathodus, 65, 66
Streptognathodus excelsus, 65
Strike-slip tectonic activity, 22
Strymonikos Basin (SB)

geological setting, 25, 26
stratigraphic evolution, 26
vertebrate fossils, 27

Stuttgart morph, 376
Subbryantodus, 66
Subbryantodus arcuatus, 66
Subphylum Vertebrata, 38
Sub-Saharan Africa, 346
Sweetognathus, 66
Synapomorphies, 1
Syngnathus cf. acus, 120

Synprioniodina, 66
Synprioniodina alternata, 66

T
Tamias atsali, 425
Tamias eviensis, 425, 426
Tardogondolella, 66
Tardogondolella abneptis, 66
Taxonomic diversity, 346
Taxonomy, 301

elephants, 346–348
Teleostei, 102
Temperate-climate species, 357
Terrestrial environment, 2
Testudines, 251
Testudinidae, 259, 260
Testudinini, 264–272
Testudo, 259, 267–272
Testudo aff. antiqua, 264, 266
Testudo amiatae, 246
Testudo bolivari, 260
Testudo brevitesta, 249, 267, 268
Testudo graeca, 249, 265, 267–269
Testudo hellenica, 249, 269, 270
Testudo kleinmanni, 249
Testudo marginata, 249, 270, 271
Testudo marmorum, 246, 271, 272
Tetracaulodon longirostre, 323
Tetralophodon, 304, 323, 325
Tetralophodon longirostris, 324, 325
Tetralophodontinae, 323, 325
Thessaloniki, 3, 5–7
Thorogobius sp., 162
Titanochelon, 249, 260
Titanochelon bacharidisi, 248, 260–263
Titanochelon schafferi, 248, 260, 261, 

263, 264
Toarcian bonebeds, 124
Tortoises

geographic distribution, 249–251
phylogenetic relationships, 247–249

Tortonian–Messinian marine sediments, 145
Torynobelodon atticus, 321
Torynobelodon loomisi, 321
Trachinidae, 168, 169
Trachurus trachurus, 117
Trachyrincus scabrus, 157
Triadobatrachus massinoti, 185
Triassic, 33, 34, 36, 39, 42–49, 51–53, 56–59, 

61–65, 67, 68
Tribe Marmotini

Spermophilinus sp.
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morphology, 426
S. besana, 427
S. bredai, 428
S. giganteus, 427, 429, 430
taxa, 426

Spermophilus sp.
S. citelloides, 431
S. nogaici, 431

Spermophilus sp.
Citellus, 430
taxa, 430

Tamias sp.
localities, 424
T. atsali, 425
T. eviensis, 425, 426
taxas, 424

Tribe Pteromyini
Aliveria sp.

A. brinkerinki, 412–414
A. luteyni, 413

Blackia sp.
B. miocaenica, 417, 418

Hylopetes, 418
Hylopetes sp.

extinct species, 418
fossil localities, 418
H. hungaricus, 419
H. macedoniensis, 419, 420

Miopetaurista sp.
M. dehmi, 416
M. thaleri, 417
taxa, 416

Pliopetaurista sp.
P. bressana, 415
P. dehneli, 415, 416
taxa, 413

Pteromys, 412
Tribe Sciurini

Palaeosciurus sp.
P. fissurae, 421
P. sutteri, 421, 422
taxa, 420

Sciurus sp.
Lower Pleistocene localities, 422
S. anomalus, 422
S. vulgaris, 422

Tribe Xerini
Atlantoxerus sp.

A. rhodius, 423, 424
taxa, 423

Trichiuridae, 168
Trichognathus prima, 66
Trichonodella (Trichognathus), 66

Trigonodon jugleri, 123
Trilophodon (Mastodon) angustidens, 316
Trionychidae, 253
Trischizolagus, 625–628
Trischizolagus dumitrescuae, 625–627
Trischizolagus maritsae, 626, 628
Turtles

Cryptodira, 245
early stage, 246
freshwater, 251
geographic distribution, 249–251
intermediate stage, 246, 247
localities, 246
marine environments, 245
modern stage, 247
phylogenetic relationships, 247–249
Pleurodira, 245
shell, 245

U
Upper and lower molars, 346
Urodelan fossils, Greek localities, 197
Urodelans, 185, 186

V
Varanids, 206, 215
Varanus, 215
Varanus atticus, 217
Varanus marathonensis

cranial material, 216
distribution, 216
Miocene, 216
nomenclatural and taxonomic  

history, 216
taxon, 216
type locality, 216
type material, 216

Vardar-Axios Zone, 21
Vatera, 301
Veghella, 67
Veghella delicatula, 67
Veghella delicatula, 67
Verilus mutinensis, 169
Vertebrates, 1–2
Victoriapithecidae, 641
Victoriapithecinae, 640
Vinciguerria attenuata, 153
Vinciguerria poweriae, 153
Vipera aspis, 226
Vipera berus, 226
Viperidae, 225
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W
Woolly mammoth, 354
Worm snakes, 217

X
Xaniognathus, 67
Xaniognathus curvatus, 67
Xerinae

Tribe Marmotini, 424–431

Tribe Xerini, 423–424
Xerotyphlops vermicularis, 217
Xiphiplastron, 255

Z
Zanclean shallow-water  

marine fish  
assemblages, 145

Zygolophodon, 310, 312
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