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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 

G. E. Konidaris (*) 
Palaeoanthropology, Senckenberg Centre for Human Evolution and Palaeoenvironment, 
Eberhard Karls University of Tübingen, Tübingen, Germany
e-mail: georgios.konidaris@uni-tuebingen.de 

E. Tsoukala 
Laboratory of Geology and Paleontology, Department of Geology, School of Geology, 
Aristotle University, Thessaloniki, Greece
e-mail: lilits@geo.auth.gr

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-68398-6_12&domain=pdf
https://doi.org/10.1007/978-3-030-68398-6_12#DOI
mailto:georgios.konidaris@uni-tuebingen.de
mailto:lilits@geo.auth.gr


300

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 

G. E. Konidaris and E. Tsoukala



307

(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).
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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 
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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

G. E. Konidaris and E. Tsoukala



325

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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