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ABSTRACT

The Miocene carnivore assemblage of Greece includes a great number of taxa, described in numer-
ous articles since the first decades of the 19th Century. The present article is a revision of all these taxa,
providing information about their history, localities, age, as well as their stratigraphic distribution and
palaeoenvironment. The Early/Middle Miocene carnivore record of Greece is poor as the available fossil-
iferous sites and material are rare. However, the Late Miocene one is quite rich, including numerous
taxa. The Miocene localities with carnivores and their age are given in a stratigraphic table covering the
European Mammal zones from MN 4 to MN 13. The type locality, holotype, and some historical and mor-
phological remarks are given for each taxon. Several carnivore taxa were erected from Greek material
and new photos of their holotypes are given. The stratigraphic distribution of the Greek carnivore taxa
indicates that they are covering the time span from ~19.0-5.3Ma. The majority of the Miocene taxa
(Adcrocuta, Hyaenictitherium, Plioviverrops, Protictitherium, Ictitherium, Indarctos, Dinocrocuta,
Promephitis) disappeared at the end of Miocene. The composition of the Early/Middle Miocene carnivore
assemblage of Greece includes mainly viverrids (Lophocyon, Euboictis), while the hyaenids, percrocu-
tids, felids and mustelids are very few. On the contrary the Late Miocene assemblage is richer, including
more subfamilies and species; the hyaenids and mustelids dominate, while the viverrids are absent. The
Late Miocene carnivore guild structure is similar to that of the modern Serengeti, indicating a relatively
open, savannah-like environment.
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RESUMEN

La asociación de carnívoros miocenos de Grecia incluye un gran número de taxones, descritos en
numerosos artículos desde las primeras décadas del siglo XIX. El presente artículo supone un esfuerzo
de síntesis de todos estos taxones, suministrando información sobre su historia, localidad, edad, así
como su distribución estratigráfica e inferencias paleoambientales. El registro de los carnívoros del Mio-
ceno inferior y medio es pobre, debido a que las localidades existentes y los fósiles son raros. Sin
embargo, el Mioceno superior es considerablemente rico, incluyendo numerosos taxones. Las localida-
des miocenas con carnívoros y su edad se exponen en un cuadro estratigráfico que abarca las Zonas de
Mamíferos Europeas desde la MN4 a la MN 13. La localidad tipo, holotipo y algunas notas históricas y
morfológicas se suministran para cada taxón. Algunos taxones de carnívoros fueron definidos sobre
material griego, nuevas fotografías de los holotipos sonfiguradas. La distribución estratigráfica de los
taxones de carnívoros griegos cubren un lapso de tiempo comprendido entre los 19,0 a los 5,3 Ma. La
mayoría de los taxones miocenos (Adcrocuta, Hyaenictitherium, Plioviverrops, Protictitherium, Ictithe-
rium, Indarctos, Dinocrocuta, Promephitis) desaparecen al final del Mioceno. La composición de la aso-
ciación de carnívoros miocenos de Grecia incluye principalmente vivérridos (Lophocyon, Euboictis),
mientras que los hiénidos, percrocútidos, félidos y mustélidos son más escasos. Por el contrario la aso-
ciación del Mioceno superior es más rica, incluyendo más subfamilias y más especies; dominando hie-
nas y mustélidos, mientras que los vivérridos están ausentes. La estructura de la comunidad (gremio) de
carnívoros del Mioceno superior es similar a la del actual Serengeti, indicativo de un ambiente relativa-
mente abierto, similar a la sabana, de acuerdo con los resultados de otros trabajos realizados en el área.
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Introduction

The Miocene carnivore record of Greece is quite
rich, including a significant number of taxa. Since
1980 the Greek carnivore assemblage compised
mainly from the taxa found in Pikermi and Samos.
During the last decades several new material has
been unearthed, enriching it. The long-time field
work in Axios Valley, near Thessaloniki, provided a
great number of fossils from various fossiliferous
levels, including many new carnivore taxa. The car-
nivore assemblage was also enriched from new
excavations in Samos Island, Perivolaki, Aliveri,
Chios Island, Maramena, Kerassia, Nikiti (Fig. 1)
and several other localities. Although the Late
Miocene carnivore assemblage of Greece is quite
rich, the evidences from Early/Middle Miocene are
limited, as the known localities are few and poor in
fossils (Koufos, 2006a and ref. cited). The Miocene
carnivores of Greece were described in numerous
articles from the middle of 19th Century until now.
Several holotypes are included in this material,
while some specimens are unique. In the present
article the known carnivore taxa of Greece are
revised, giving information for their type locality
and material, the Greek localities in which they
were recognized, their age and some main morpho-
logical features, coming from the bibliography and
our observations. Illustrations of the known Greek
taxa will also included; the effort is to give new
photos of the holotypes based on Greek material.
Finally some information about their stratigraphic
range and palaeoecology are given.

The article is written for this volume, dedicated to
the memory of Prof. L. Ginsburg, a palaeontologist
who devoted a large part of his life studying the
Miocene carnivores. I had the opportunity to meet him
several times in the Institute de Paléontologie,
Muséum Nationale d’histoire Naturelle of Paris during
my visits there since 1983. He always discussed with
me and helped me to find what I wanted to see, pro-
viding useful information about the fossils, as well as
casts and bibliography from his personal collection.

Greek localities

The Greek Miocene carnivore sample comes from several
localities (Fig. 1), which will be given below with the main and
most recent references about their carnivore fauna and age.

1. Aliveri (ALI), Evia Island; Middle Orleanian, MN 4
(Schmidt-Kittler, 1983; Doukas, 2003).

2. Antonios (ANT), Chalkidiki Peninsula; Middle/Late
Orleanian, MN 4/5 (Vasileiadou & Koufos, 2005; Koufos,
2008).

3. Chomateres (CHO), Attica, Middle Turolian, MN 12
(Symeonidis, 1978; Koufos, 2006a)

4. Diavata (DVT), Axios Valley, Vallesian-Early Turolian,
MN 9-11 (Koufos, 1995, 2006a).

5. Dytiko-1 (DTK), Axios Valley, Late Turolian, MN 13
(Bonis & Koufos, 1991; Koufos, 2000, 2006a).

6. Dytiko-2 (DIT), Axios Valley, Late Turolian, MN 13
(Bonis & Koufos, 1991; Koufos, 2000, 2006a).

7. Dytiko-3 (DKO), Axios Valley, Late Turolian, MN 13
(Bonis & Koufos, 1991; Koufos, 2000, 2006a).

8. Halmyropotamos (HAL), Evia Island; Middle Turolian,
MN 12 (Melentis, 1967; Koufos, 2006a).

9. Kerassia (KER), Evia Island; Early-Middle Turolian,
MN 11-12 (Roussiakis &Theodorou, 2003; Koufos, 2006a).

10. Maramena (MAR), Serres Basin, Latest Turolian, MN
13/14 (Schmidt-Kittler, 1995; Schmidt-Kittler et al., 1995).

11. Mytilinii-1A (MTLA), Samos Island; Middle Turo-
lian, MN 12; GPTS ~7.1 Ma (Koufos, 2009; Koufos et al.,
2009).

12. Mytilinii-1B (MTLB), Samos Island; Middle Turo-
lian, MN 12; GPTS ~7.1 Ma (Koufos, 2009; Koufos et al.,
2009).

13. Mytilinii-1C (MTLC), Samos Island; Middle Turolian,
MN 12; GPTS ~7.1 Ma (Koufos, 2009; Koufos et al., 2009).

14. Mytilinii-4 (MLN), Samos Island, end of Early Turo-
lian, MN 11; GPTS ~7.5 Ma (Koufos, 2009; Koufos et al.,
2009).

15. Pentalophos-1 (PNT), Axios Valley; ?Early Vallesian,
?MN 9 (Bonis & Koufos, 1991; Koufos, 2000, 2006a).

16. Perivolaki (PER), near Volos, Thessaly; Middle Turo-
lian, MN 12; GPTS ~7.3-7.1 Ma (Koufos, 2006b, Koufos et al.,
2006a).

17. Pikermi (PIK), Attica, Middle Turolian, MN 12; the
PIK carnivore record is the richest one (see Koufos, 2006a;
Roussiakis, 1996; NOW, 2010).

18. Prochoma-1 (PXM), Axios Valley; Middle Turolian,
MN 12; GPTS ~7.4 Ma (Bonis & Koufos, 1991; Koufos, 2000;
Koufos et al., 2009; Sen et al., 2000).

19. Ravin de la Pluie (RPl), Axios Valley, Late Vallesian,
MN 10; GPTS ~9.3 Ma (Bonis & Koufos, 1991, Koufos, 2000,
2011a, b; Sen et al., 2000).

20. Ravin des Zouaves-1 (RZ1), Axios Valley, Late Valle-
sian, MN 10 (Bonis & Koufos, 1991; Koufos, 2000, 2006a).

21. Ravin des Zouaves-5 (RZO), Axios Valley; Early Tur-
olian, MN 11; GPTS ~8.2 Ma (Bonis & Koufos, 1991; Koufos,
2000, 2006a).

22. Ravin-X (R-X), Axios Valley; ?Early Turolian, ?MN
11(Koufos, 2000, 2006a).

23. Silata (SLT), Chalkidiki Peninsula, Latest Turolian, MN
13/14 (Koufos, 2006a,c).

24. Thermopigi (TMP), Serres Basin, Turolian, MN 11-13
(Geraads et al., 2007).

25. Thymiana-B (THB), Evia Island; Late Orleanian, MN 5
(Koufos et al., 1995, Koufos, 2006a).

26. Vathylakkos-2 (VTK), Axios Valley; Middle Turolian,
MN 12; GPTS ~7.3 Ma (Bonis & Koufos, 1991; Koufos, 2000,
2006a; Koufos et al., 2009).

27. Vathylakkos-3 (VAT), Axios Valley; Middle Turolian,
MN 12 (Bonis & Koufos, 1991; Koufos, 2000).
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28. Xirochori-1 (XIR), Axios Valley, Late Vallesian, MN 10;
GPTS ~9.6 Ma (Bonis & Koufos, 1991; Koufos, 2000, 2006a).

Besides these localities there are some references for the
presence of some carnivore taxa in the old Samos localities A,
Q1-6, S3, Main Bone Beds, and Adrianos ravine; for the age of
these localities and their correlation with the new Samos ones
see Kostopoulos et al. (2009) and Koufos et al. (2009).

Abbreviations
AMNH= American Museum of Natural History, New York
AMPG= Athens Museum of Palaeontology and Geology
BSPM= Bayerische Staatssammlung für Paläontologie und

Historische Geologie, München

LGPUT= Laboratory of Geology and Palaeontology, Uni-
versity of Thessaloniki

MNHN= Museum Nationale d’histoire Naturelle, Paris
NHMA= Natural History Museum of the Aegean, Samos
NHMB= Natural History Museum of Basel
NHML= Natural History Museum of London
NHMW= Naturhistorisches Museum of Wien
PIUW=Paläontologische Institut, University of Wien
SAM= Samos, old collections
SMNS= Staatliches Museum für Naturkunde, Stuttgart
Each specimen is referred by an abbreviation consisting of

three parts. The first is the Museum or institute housing the speci-
men, the second is the locality and the third the catalogue number.
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Fig. 1.—Geographic map of Greece, indicating the position of the Miocene mammal localities with carnivores; the numbers corre-
spond to the localities (see text). The map is taken from http://www.shaded-relief.com
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Palaeontology

Order CARNIVORA Bowdich, 1821
Family URSIDAE Fischer von Waldheim, 1817
Sub-Family Ursinae (Fischer de Waldheim, 1817)
Burmeister, 1866
Indarctos punjabiensis atticus (Weithofer, 1888)

Type locality. Pikermi, Attica; Middle Turrolian, MN 12
(Figs. 1, 2).

Holotype. Left mandibular fragment with m1-m2, described
and figured (Weithofer, 1888: (p. 231; pl. 12, figs. 1-2).

Greek localities. Pikermi (PIK), Attica (Roussiakis, 2001a);
it is referred from the locality A of Samos, as Indarctos cf. atti-
cus, without description and reference of the material based on
(Solounias, 1981).

Age. Middle Turolian, MN 12.

Remarks. A mandibular fragment of an ursid from Pikermi
was described as Hyaenarctos sp. (Dames, 1883). This author
told to Weithofer that this specimen was a new species and
labeled it as H. atticus and this name was used for the
description of the holotype (Weithofer, 1888). Quite later,
Helbing (1932) described Indarctos atticus from Samos,
while Erdbrink (1953) transferred the Pikermi material to this
species. Recently, the Greek sample of Indarctos was includ-
ed to I. punjabiensis atticus (Baryshnikov, 2002). Some post-
cranials of Indarctos from PIK were recently described by
Roussiakis (2001a). It has relatively large size, more or less
squarish upper teeth, M2 rather longer than the M1 with quite
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Fig. 2.—Biostratigraphic table, including the Miocene Greek localities with their age. Data taken from Koufos (in press).

Fig. 3.—Indarctos atticus, skull and mandible, NHMW-SAM-no
25, Loc. unknown, Samos Island, Turolian, MN 11-13.

e390-11 Koufos.qxd  30/1/12  14:23  Página 294



developed talon, moderate protocone and small parastyle in
the P4, relatively long m1 with talonid slightly shorter than
trigonid and high entoconid, m2 with talonid like m1 and
rounded m3.

Ursavus depereti Schlosser, 1902
Type locality. Melchingen, Germany; Early Vallesian, MN 9

(NOW, 2010).

Holotype. Left m1 and m2 described and figured by Schloss-
er (1902: p. 149; pl. II, figs. 19, 20, 22, 23).

Greek localities. Perivolaki (PER), Thessaly (Koufos,
2006b). Solounias (1981) refers U. cf. depereti from the
locality A of Samos but without description and the material
based on.

Age. Middle Turolian, MN 12.

Remarks. U. depereti was certainly recognized in the local-
ity PER from a mandible (Fig. 4), described by Koufos
(2006b). The genus Ursavus includes a number of species and
U. depereti is well distinguished from the others by its larger
size. It is characterized by wide and roughly inclined back-
wards symphysis, strong canine with elliptical transverse sec-
tion, elongated and narrow p4 with long talonid and small-
rounded metaconid, elongated and more bunodont m2, as well
as large-rounded m3 with low protoconid (Koufos, 2006b:
text-figs. 1, 2).

Ursavus ehrenbergi Thenius, 1947
Type locality. Halmyropotamos (HAL), Evia Island; Middle

Turolian, MN 12 (Figs. 1, 2).

Holotype. Maxilla with P4-M2 dex and P1-M2 dex, AMPG-
HAL-nn (Fig. 5), described and figured by Thenius (1947).

Greek localities. It is only known from Halmyropotamos.

Age. Middle Turolian, MN 12.

Remarks. The new species of Ursavus has the size of a
small wolf, slightly concave palate, short muzzle, zygomatic
arches situated above the M1, elliptical transverse section in the
canine, P4 shorter than the M1 with three strong cusps and a
small ptotocone situated before the middle of the tooth, more
squarish M1 and M2 with relatively flattened cusps, and M2
with slightly longer talon and arc-like, in buccal view, lingual
aspect of the top of the main cusp (Thenius, 1947).

Family VIVERRIDAE Gray, 1821
Sub-Family Lophocyoninae Fefjar & Schmidt-Kit-
tler, 1987
Euboictis aliverensis (Schmidt-Kittler, 1983)

Type locality. Aliveri, Evia Island; Middle Orleanian, MN 4
(Figs. 1, 2).

Holotype. Right P4, ALI-AL-23, described and figured by
Schmidt-Kittler (1983: p. 303, fig.1; pl.1, fig. 6).

Greek localities. It is only known from Aliveri.

Age. Middle Orleanian, MN 4.

Remarks. Originally, it was described as Sivanasua aliv-
erensis, but one year later it was transferred to the new genus
Euboictis (Schmidt-Kittler, 1983; Fejfar & Schmidt-Kittler,
1984). It is characterized by a single-rooted P1 with three
cusps, slightly molarized P2,3 with the paracone-metastyle
blade similar to that of the P4, relatively short metastyle in the
P4, W-like paracone and metacone in the M1,2 with continued
lingual cingulum in the protocone and lacking conules (Fig. 6).
The lower dentition has relatively molarized p1, p2-4 with
trigonid and short-broad talonid, m1 shorter than the m2 with
very low trigonid, m2 talonid longer than trigonid, and equal-
sized hypoconid and hypoconulid in the m2 (Schmidt-Kittler,
1983; Fefjar & Schmidt-Kittler,1984).
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Fig. 4.—Ursavus depereti, mandible, LGPUT-PER-1270, Periv-
olaki, Thessaly, Middle Turolian, MN 12.

Fig. 5.—Ursavus ehrenbergi, maxilla, AMPG-HAL-nn, HOLO-
TYPE, Halmyropotamos, Evia Island, Middle Turolian, MN 12.
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Lophocyon paraskevaidisi Koufos, Bonis & Sen,
1995

Type locality. Thymiana-B (THB), Chios Island; Late
Orleanian, MN 5 (Figs. 1, 2).

Holotype. Mandible with both tooth rows, LGPUT-THB-1
(Fig. 7), described and figured by Koufos et al. (1995: p. 512,
fig. 3; pl. 67, fig. 2).

Greek localities. It is only known from Thymiana-B.

Age. Late Orleanian, MN 5.

Remarks. Two species of Lophocyon are known, that from
Chios and L. carpathicus from Kosice-Bankov, Slovakia (Fef-
jar & Schmidt-Kittler, 1987). According to Koufos et al. (1995)
L. paraskevaidisi is characterized by molarized P3,4 with
strongly projected metastyle and shallow groove between it and
the parastyle, high-crowned lower teeth, molarized premolars
with broad talonid and strongly developed hypoconulid in the
m2. It is smaller than L. carpathicus, with higher degree of
molarization and less developed basal cingulum.

Family MUSTELIDAE Swainson, 1835
Sub-Family Lutrinae (Bonaparte, 1837) Baird, 1857
Enhydriodon (?) latipes Pilgrim, 1931

Type locality. Pikermi (PIK), Attica; Middle Turolian, MN
12 (Figs. 1, 2).

Holotype. Left hind foot, NHML-PIK-M.9002, described
and figured by Pilgrim (1931: p. 56, figs. 6-27).
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Estudios Geológicos, 67(2), 291-320, julio-diciembre 2011. ISSN: 0367-0449. doi:10.3989/egeol.40560.190

Fig. 6.—Euboictis aliverensis, a. p4 dex, ALI-AL23, HOLOTYPE; b. upper and lower composite dentition, Aliveri, Evia Island, Middle
Orleanian, MN 4. The holotype has been gilded as all other original material; the latter was shot from the casts.

Fig. 7.—Lophocyon paraskevaidisi, maxilla LGPUT-THB-12 and
mandible LGPUT-THB-1, HOLOTYPE, Chios Island, Late
Orleanian, MN 5.
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Greek localities. Pikermi (PIK), Attica (Roussiakis, 2002).

Age. Middle Turolian, MN 12.

Remarks. Some postcranials from PIK in the Woodward’s
collection of NHML were described as a possible new species
of Enhydriodon (Pilgrim, 1931). After that description nobody
worked on this material. Recently, some new postcranials from
PIK are referred to this species (Roussiakis, 2000).

Lutra affinis Gervais, 1859
Type locality. Sables de Montpellier; Early Ruscinian, MN

14 (NOW, 2010).

Holotype. A hemimandible with m1 is referred, but not fig-
ured, as the holotype of this species (Gervais, 1859). The speci-
men is probably lost and the material of MAR is referred as the
neotype of the species (Ginsburg, 1999: p. 147).

Greek localities. Maramena (MAR), Serres Basin (Schmidt-
Kittler, 1995).

Age. Latest Turolian, MN 13/14.

Remarks. The sole known material of this taxon are some
dental remains from MAR (Fig. 8); (Schmidt Kittler, 1995: p.
83; pl. 2, fig. 2). The material includes the fragments of the two
rami of a mandible and some isolated teeth housed in AMPG.
The MAR Lutra resembles to the modern Lutra lutra but it is
remarkably smaller. Based on the size it is closer to L. affinis
from the Ruscinian Sables de Montpellier (Schmidt-Kittler,
1995).

Sub-Family Mustelinae Gill, 1872
Palaeogale sp.

The genus is mentioned from the Middle Orleanian locality
of Aliveri. Its presence is only referred without description or
reference of the material based on (Schmidt-Kittler, 1983).

Proputorius sp. cf. P. sansaniensis (Fihlol, 1890)
Type locality. The type locality of P. sansaniensis is Sansan,

France; Early Astaracian, MN 6 (NOW, 2010).

Holotype. The holotype of Proputorius sansaniensis is a left
hemimandible with c-m1, Sa 776, described and figured by Fil-
hol (1891: pl. 5, figs. 1-3).

Greek localities. Antonios (ANT), Chalkidiki (Koufos,
2008).

Age. Middle/Late Orleanian, MN 4/5.

Remarks. The p3,4 lack accessory cuspids and the main one
is high and pointed; its top is slightly inclined lingually. The
distal cingulum is strong and widened lingually, forming a
small talonid-like projection. The horizontal ramus of the
mandible is elongated, shallow with curved inferior border and
deep triangular-shaped masseteric fossa with its anterior margin
below the m2 (Koufos, 2008).

Martes woodwardi Pilgrim, 1931
Type locality. Pikermi (PIK), Attica; Middle Turolian, MN

12 (Figs. 1, 2).

Holotype. Right mandibular fragment with p4-m1, NHML-
PIK-M.9031, described and figured by Pilgrim (1931: p. 40; pl.
2, figs. 2, 2a).

Greek localities Pikermi (PIK), Attica (Roussiakis, 2002).

Age. Middle Turolian, MN 12.

Remarks. Ginsburg (1999) considers the mandible referred
to M. woodwardi as belonging to Melinae and he erected the
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Fig. 9.—Proputorius sp. cf. P. sansaniensis, mandibular frag-
ment, LGPUT-ANT-89, Antonios, Chalkidiki, Middle/Late Orlean-
ian, MN 4/5.

Fig. 8.—Lutra affinis, mandibular fragment, AMPG-MAR-MA12,
Maramena, Serres Basin, Latest Turolian, MN 13/14.
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new genus Pilgrimeles with the sole known species P. wood-
wardi. However, there are some arguments about the validity of
the diagnostic characters of the new genus (Roussiakis, 2002).
According to Pilgrim (1931) it is a large-sized Martes, having
elongated m2 and an m1 with relatively large metaconid, as
well as elongated and strongly concave talonid (Fig. 10). Rous-
siakis (1996) in his description of the lower carnasial mentions
the presence of a small metaconid and a basin-like and rounded
talonid, situated slightly more labially to the metaconid-proto-
conid junction. More material from the type locality is neces-
sary to define the systematic position and validity of this taxon.

Martes lefkonensis Schmidt-Kittler, 1995
Type locality. Maramena (MAR), Serres Basin, Latest Turo-

lian, MN 13/14 (Figs. 1, 2).

Holotype. Right mandibular fragment with p4-m1, AMPG-
MAR-MA401 (Fig. 11), described and figured by Schmidt-Kit-
tler (1995: p. 76; pl. 1, fig. 1).

Greek localities. It is only known from the type locality.

Age. Latest Turolian, MN 13/14.

Remarks. It is a small-sized Martes with relatively short m1,
which bears a strong metaconid and steeply sloping anteriorly
lingual border; there is well developed basal cingulum all
around the protocone of the m1. The primitive dental characters
distinguish it from the known Turolian and Ruscinian forms
and put it closer to the Middle Miocene ones (Schmidt-Kittler,
1995).

Sinictis (?) pentelici (Gaudry, 1861a, b)
Type locality. Pikermi, Attica; Middle Turolian, MN 12

(Figs. 1, 2).

Holotype. Left mandibular fragment with p2-m1, MNHN-
PIK-3260 (Fig. 12), described and figured by Gaudry (1861b:
p. 527; pl.10, figs. 4, 5).

Greek localities. It is only known from the type locality.

Age. Middle Turolian, MN 12.

Remarks. The species was originally described as Mustella
pentelici by Gaudry (1861a,b) and latter transferred question-
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Fig. 10.—Martes woodwardi, a. mandibular fragment, NHML-
PIK-M.9031, HOLOTYPE, Pikermi, photo kindly provided by G.
Konidaris, LGPUT; b. mandibular fragment, AMPG-PIK-PA2032-
91, Pikermi, Attica, Middle Turolian, MN 12; photo kindly provid-
ed by S. Roussiakis, AMPG.

Fig. 11.—Martes lefkonensis, mandibular fragment, AMPG-
MAR-MA401, HOLOTYPE, Maramena, Serres Basin, Latest Tur-
olian, MN 13/14.
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ably to Sinictis by Pilgrim (1931). The p2 is small with strong
distal cingulum; the p2,3 are elongated and narrow with strong
proximal and distal cingulum. The p4 has a large posterior
accessory cuspid on a distal projection of the distal cingulum.
The carnasial is long with strong metaconid; the talonid is rela-
tively short (1/3 of the tooth’s length) and bears a large
hypoconid, a small hypoconulid and lacks entoconid. The m2
has rounded occlusal surface (Pilgrim, 1931).

Sub-Family Mellivorinae Gray, 1865
Genus Eomellivora Zdansky, 1924
Eomellivora wimani, Zdansky, 1924

Type locality. Loc. 12 of Zdansky (1924. 

Lectotype. Kretzoi (1965:p.132) defined the skull fragment
associated with the left mandibular fragment, described and fig-
ured by Zdansky (1924: pl. XI, figs 5-6; pl.XII, figs 1-2) as the
lectotype of the species.

Greek localities. Ravin de la Pluie (RPl), Axios Valley
(Koufos, 2011a).

Age. Late Vallesian, MN 10.

Remarks. The sole known isolated M1 is morphologically
and metrically similar to E.wimani (Koufos, 2011a).

Sub-Family Guloninae (Gray, 1825) Miller, 1912
Plesiogulo crassa Teilhard & Leroy, 1945

Type locality. Yushe, Shansi, China; Turolian, MN 11-13
(NOW, 2010).

Holotype. Frontal part of a skull and associated mandible,
described and figured by Teilhard (1945: figs. 9, 10B).

Greek localities. Vathylakkos-3 (VAT), Axios Valley,
(Koufos, 1982); Perivolaki (PER), Thessaly (Koufos, 2006b).

Age. Middle Turolian, MN 12.

Remarks. In Greece Plesiogulo crassa was recognized for
the first time in the locality VAT by a mandibular fragment
(Koufos, 1982). Quite later, it discovered in the locality PER by
a skull and associated mandible (Fig. 13), (Koufos, 2006b). It is
characterized by relatively long skull with short facial region,
oval and wide narial opening, high sagittal crest, large triangu-
lar-shaped and flattened bullae, relatively short and narrow
palate with narrow choanae, robust P4 with rounded protocone
well separated by a deep constriction, elongated and abruptly
inclined posteriorly symphysis, deep and oval-shaped masse-
teric fossa, long and narrow m1 with elongated basin-like
talonid and small metaconid (Koufos 2006b). The genus Ple-
siogulo is mentioned from Pikermi by two fragments of
humerus (Symeonidis, 1975), as well as from Maramena by
some dental remains (Schmidt-Kittler, 1995).

Sub-Family Melinae Burmeister, 1850
Promeles palaeattica Weithofer, 1888

Type locality. Pikermi (PIK), Attica; Middle Turolian, MN
12 (Figs. 1, 2).

Holotype. Skull and associated mandible (Fig. 14) described
and figured by Weithofer (1888: p. 226; taf. 1, figs. 1-11).

Greek localities. Pikermi (PIK), Attica (Roussiakis, 2002);
Perivolaki (PER), Thessaly (Koufos, 2006b). It is also referred
from Samos (Forsyth Major, 1888), while Solounias (1981)
refers it from Q1 and A of Samos Island without description
and reference of the material based on.

Age. Middle Turolian, MN12.

Remarks. It was originally described as Mustella palaeatti-
ca from Pikermi (Weithofer, 1888); however, Gaudry (1862-
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Fig. 12.—Sinictis (?) pentelici, mandibular fragment, MNHN-PIK-
3260, HOLOTYPE, Pikermi, Attica, Middle Turolian, MN 12.

Fig. 13.—Plesiogulo crassa, skull and associated mandible,
LGPUT-PER-1239, Perivolaki, Thessaly, Middle Turolian, MN 12.
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67) refers the presence of a small Martes in Pikermi, different
from Promephitis. Based to Pilgrim (1931) list of synonyms
the Pikermi material transferred to Promeles by Zittel in
1893, when he erected this genus. The main characters of the
species are the relatively short and wide snout, the oval
shaped narial opening with almost vertical lateral margins, the
flattened frontals, the absence of the parastyle and the well
developed protocone in the P4, the strong metaconule and lin-
gual cingulum in the M1, the long m1 with elongated basin-
like talonid and strong metaconid connected to the crest-like
entoconid, as well as the small, rounded and bicuspid m2
(Koufos, 2006b).

Promeles macedonicus Schmidt-Kittler, 1995
Type locality. Maramena (MAR), Serres basin; Latest Turo-

lian, MN 13/14 (Figs. 1, 2).

Holotype. Right P4-M1, AMPG-MAR-MA406 (Fig. 15a),
described and figured by Schmidt-Kittler (1995: p. 77, fig. 3;
pl. 1, figs. 2-4).

Greek localities. It is only known from Maramena.

Age. Latest Turolian, MN 13/14.

Remarks. It resembles to P. palaeattica but it is distin-
guished from it by the longer trigonid and shorter talonid of the
m1, as well as the slightly concave distal border and the more
expressed parastyle angle of the M1 (Schmidt-Kittler, 1995).

Parataxidea maraghana (Kittl, 1887)
Type locality. Middle Maragheh, Iran; Middle Turolian, MN

12 (NOW, 2010).

Holotype. Right maxillary fragment with C-M1, NHMW-
MRG-nn, described and figured by Kittl (1887: p. 337; taf. 15,
fig. 4).

Greek localities. Mytilinii-1A (MTLA), Samos Island
(Koufos, 2009); it is also referred from the localities A and Q1
of Samos without description and reference of the material
based on (Solounias, 1981).

Age. Middle Turolian, MN 12.

Remarks. The species was erected by Kittl (1887) as Meles
maraghanus and later it was transferred to Parataxidea by
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Fig. 15.—Promeles macedonicus, a. P4-M1, AMPG-MAR-
MA406, HOLOTYPE; b. mandibular fragment, AMPG-MAR-
MA411, Maramena, Serres Basin, Latest Turolian, MN 13/14.

Fig. 16.—Parataxidea maraghana, skull, NHMA-MTLA-283,
Mytilinii-1A, Samos Island, Middle Turolian, MN 12.

Fig. 14.—Promeles palaeattica, skull and mandible, PIUW-PIK-
nn., HOLOTYPE, Pikermi, Middle Turolian, MN 12; Photo kindly
provided by D. Nagel, PIUW.
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Zdansky (1924). It is characterized by short and wide muzzle,
oval narial opening, narrow frontals, rounded orbits, absence of
sagittal crest, elongated and narrow palate with relatively wide
choanae whose anterior border is well behind the M1 (Fig. 16),
robust P2,3 with strong cingulum, short and wide P4 with
strong protocone, small mesial cusp and a small lingual cuspule
in the middle of the lingual cingulum, large M1 with large lin-
gual mesiodistal diameter and straight mesial border, as well as
large and robust m1 with narrow talonid (Koufos, 2009).

Sub-Family Mephitinae Gill, 1872
Promephitis lartetii Gaudry, 1861a, b

Type locality. Pikermi (PIK), Attica; Middle Turolian, MN
12 (Figs. 1, 2).

Holotype. Skull associated with the mandible, MNHN-PIK-
3019 (Fig. 17a) described by Gaudry (1861b).

Greek localities. Perivolaki (PER), Thessaly (Koufos,
2006b); it is also referred without description from Q1, 2, 6 and
A of Samos (Solounias, 1981).

Age. Middle Turolian, MN12.

Remarks. The holotype of the species is quite deformed,
while its connection with the mandible (Fig. 17a) cannot allow
to see precisely its dental morphology. According to Pilgrim
(1931) the M1 of P. lartetii is characterized by convex inner
side and straight outer one and by a metaconid situated some-
what in front of the protoconid. A very deformed skull with the
mandible from PER has been described by Koufos, (2006b; pl.
2, figs. 4-6). Based on the description of this skull, P. lartetii is
characterized by wide narial opening, strong post-orbital
processes, strong sagittal crest, short and relatively wide palate,
small and deep choanae with their anterior border well behind
the distal margin of the M1. The upper carnasial is short and
broad with large protocone and without parastyle. The M1 is
large with the paracone larger than the metacone and a large
crest-like protocone. The p4 is robust without accessory cus-
pids, the m1 is elongated with relatively wide talonid and the
m2 is rounded (Koufos, 2006b).

Promephitis majori Pilgrim, 1933
Type locality. Adrianos ravine, Samos Island; Middle Turo-

lian, MN 12 (Figs. 1, 2).

Holotype. Skull and associated mandible, AMNH-SAM-
20585 (Fig. 18), described and figured by Pilgrim (1933: p. 2,
figs. 1-6).

Greek localities. It is only known from the type locality.

Age. Middle Turolian, MN 12.

Remarks. The main characters of P. majori are the smaller
size, the stronger post-orbital processes, the less prominent occipi-
tal condyles and the smaller transverse diameter of the M1 than
those of P. lartetii (Pilgrim, 1933). Some of these characters vary
in the known material of both species and only the smaller size of
P. majori seems to be a valuable difference (Koufos, 2006b).

Family FELIDAE (Fischer von Walheim, 1817)
Sub-Family Felinae (Fischer von Walheim, 1817),
Trouessart, 1885
Pseudaelurus romieviensis (Roman & Viret, 1934)

Type locality. La Romieau, France; Middle Orleanian, MN 4
(NOW, 2010).

Holotype. Left mandibular fragment with p3-m1, FSL-1779,
housed in the University of Lyon. It was originally described as
P. lorteti romieviensis (Roman & Viret, 1934) and later upgrad-
ed as a separate species (Heizmann, 1973).

Greek localities. Antonios, Chalkidiki (Koufos, 2008).

Age. Middle/Late Orleanian, MN 4/5.

Remarks. The systematic of these early felids is quite
unclear and there are different opinions. Salesa (pers. com.,
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Fig. 17.—Promephitis lartetii. a. skull and associated mandible,
MNHN-PIK-3019, HOLOTYPE, Pikermi, Attica, Middle Turolian,
MN 12. b, c. skull and associated mandible, NHMW-SAM-
A.4798, Loc. unknown, Samos Island, Turolian, MN 11-13.

Fig. 18.—Promephitis majori, skull and associated mandible,
AMNH-SAM-20585, HOLOTYPE, Adrianos ravine, Samos
Island, Middle Turolian, MN 12. Photo kindly provided by D.
Kostopoulos, LGPUT.
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2011) considers that all species of Pseudaelurus must be
included to Styriofelis (Kretzoi, 1929). The species is known
from the locality ANT by a mandibular fragment with the p4
and the anterior part of the m1 (Fig. 19). The morphology and
size of the p4 is similar to P. romieviensis (Koufos, 2008).

Metailurus major Zdansky, 1924
Type locality. Loc. 30, Shansi, China; Turolian, MN 11-13

(NOW, 2010).

Holotype. Skull described and figured by Zdansky (1924;
taf. 29, figs. 1, 2).

Greek localities. Pikermi (PIK), Attica (Roussiakis, 2001b);
Halmyropotamos (HAL), Evia Island (Melentis, 1967). The
species is also referred from an unknown locality of Samos,

without description and reference of the material based on
(Solounias, 1981).

Age. Middle Turolian, MN 12.

Remarks. The first reference about its presence in Greece is
that of Melentis (1967), describing some cranial and mandibu-
lar remains from HAL (Fig. 20). A complete skull of the
species is recently described from Pikermi (Roussiakis, 2001b).
The latter author mentions its large size, the relatively wide
anteriorly P3 with strong posterior accessory cusp, the smaller
and lingually situated anterior accessory cusp in the P3 and the
relatively large M1.

Metailurus parvulus (Hensel, 1862)
Type locality. Pikermi, Attica; Middle Turolian, MN 12

(Figs. 1, 2).

Holotype. Left mandibular fragment with p3-p4 and the
alveole of the canine, BSPM-PIK-AS II. 131 (Fig. 21a),
described and figured by Hensel (1862: fig. 6).

Greek localities. Pikermi (PIK), Attica (Roussiakis &
Theodorou, 2003); Halmyropotamos (HAL), Evia Island
(Melentis, 1967); Chomateres (CHO), Attica (Symeonidis,
1978), (Fig. 21b); Kerassia (KER), Evia Island (Roussiakis et
al., 2006); Mytilinii-1A (MTLA), Samos Island (Koufos,
2009); Ravin de la Pluie (RPl), Axios Valley (Koufos, 2011a) it
is also referred from the localities A and Q5 of Samos Island
(Solounias, 1981) but without mentioning the material based on
and description.

Age. Late Vallesian-Middle Turolian, MN 10-12.

Remarks. The species was originally described from Piker-
mi as Machairodus parvulus (Hensel, 1862). The skull is small
with short muzzle, rounded orbit, voluminous braincase with
flattened upper surface, ovoid bullae, wide choanae and short
and wide palate. The P3 bears a posterior accessory cusp and
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Fig. 20.—Metailurus major, skull, AMPG-HAL-1967/1, Halmy-
ropotamos, Evia Island, Middle Turolian, MN 12. Photo kindly
provided by S. Roussiakis, AMPG.

Fig. 21.—a. Metailurus parvulus, mandibular fragment, BSPM-
PIK-AS II.131, HOLOTYPE, Pikermi, Attica, Middle Turolian, MN
12; Photo of M. Schellenberger kindly provided by G. Rössner
BSPM. b. Metailurus parvulus, AMPG-CHO-nn, Chomateres,
Attica, Middle Turolian, MN 12.

Fig. 19.—Pseudaelurus romieviensis, mandibular fragment,
LGPUT-ANT-21, Antonios, Chalkidiki Peninsula, Middle/Late
Orleanian, MN 4/5.
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the P4 has very small and low protocone, situated well posteri-
or of the parastyle. The M1 is small, situated vertically to the
P4. The mandibular corpus is shallow with short symphysis,
almost vertical to the ramus and deep masseteric fossa with its
anterior margin well behind the m1. The p3 is without anterior
but with small posterior accessory cuspid, situated on a distal
cingular projection. The p4 has both accessory cuspids and a
slightly elevated distal cingulum, while the m1 has a small
talonid and a tiny metaconid (Roussiakis et al., 2006; Koufos,
2009).

Felis attica Wagner, 1857
Type locality. Pikermi (PIK), Attica; Middle Turolian, MN

12 (Figs. 1, 2).

Holotype. Facial part of a skull associated with the mandible
(Fig. 22), described and figured by Wagner (1857: p. 122; tab.
3, fig. 4)

Greek localities. Pikermi (PIK), Attica (Roussiakis, 2002);
It is referred from an unknown locality of Samos (Forsyth
Major, 1891) and from locality A (Solounias, 1981) without
description; it is also referred without description and reference
of the material based on from TMP (Geraads et al., 2007)

Age. Middle Turolian, MN 12.

Remarks. Except the holotype, a mandibular fragment is
also known from Pikermi described as Felidae indet. (Gaudry,
1862-67); however, the author refers that it may belong to F.
attica. Both Pilgrim (1931) and Beaumont (1961) agree with
this determination. Some postcranials of F. attica from Pikermi
were also described recently (Roussiakis, 2002). The skull with
the mandible of a small felid is referred without description
from Samos (unknown locality) as Felis neas (Forsyth Major,
1891, 1894). This specimen is considered either as a separate
species (Pilgrim, 1931) or as a synonym of F. attica (Beau-
mont, 1961). A skull of Felis attica (NHMW-SAM-A.4751) is
referred from an unknown locality of Samos; some characters
of this skull are given by Koufos (2000). Some postcranials of
Samos, referred to Felis sp. (Forsyth Major, 1894), were
described as Metailurus parvulus (Beaumont, 1961) but later he
transferred them to Felis attica (Beaumont, 1986). The skull is

elongated with relatively long muzzle, oval-shaped orbits and
oval nasal cavity. The P4 lacks the ectoparastyle and has rela-
tively small protocone. The P2 is small and the P3 has a small
posterior accessory cusp. The symphysis is wide and short, the
mandibular corpus high, the masseteric fossa is elongated with
its anterior margin below the posterior half of the m1. Both p3
and p4 bears anterior and posterior accessory cuspids and the
m1 has a small metaconid.

Felis sp.
Type locality. Ravin du Vatilük (R.G.), Axios Valley; this

locality is correlated to the new one Vathylakkos-3 (VAT);
Middle Turolian, MN 12 (Figs. 1, 2).

Type material. Skull, MNHN-SLQ-935 (Fig. 23), described
and figured by Arambourg & Piveteau (1929: p. 125; pl. 11,
figs. 1, 1a).

Greek localities. It is only known from VAT.

Age. MiddleTurolian, MN 12.

Remarks. The VAT skull was originally described as Felis
cf. attica because of its larger size, the presence of the
ectoparastyle and the reduced protocone in the P4 (Arambourg
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Fig. 23.—Felis sp., skull, MNHN-SLQ-935, Vathylakkos 3, Axios
Valley, Middle Turolian, MN 12.

Fig. 22.—Felis attica, partial skull and mandible BSPM-PIK-AS II.116, HOLOTYPE, Pikermi, Attica, Turolian, MN 12; Photo of M.
Schellenberger kindly provided by G. Rössner, BSPM.
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& Piveteau, 1929; Beaumont, 1961). Pilgrim (1931) added that
MNHN-SLQ-935 has longer facial region than that of F. attica
and kept the original determination. A more recent comparison
of SLQ-935, except of the above mentioned differences, indi-
cates that its teeth are generally longer and narrower than the
typical F. attica (Koufos, 2000). However, the limited material
of these small felids cannot allow certain comparisons and defi-
nition of the variability of their characters and thus it is referred
as Felis sp.  (Koufos,  2000).  A similar  Felis with an
ectoparastyle and a reduced protocone is also known from
Maragheh (Mequenem, 1924-25).

Sub-Family Machairodontinae (Gill, 1872) Hay, 1930
Amphimachairodus giganteus (Wagner, 1848)

Type locality. Pikermi, Attica; Middle Turolian, MN 12
(Figs. 1, 2).

Holotype. Olecranon described and figured by Wagner
(1848: p. 375; tab. 2, fig. 6), as Felis giganteus.

Greek localities. Pikermi (PIK), Attica (Gaudry, 1862-67;
Roussiakis, 2002); Ravin X (R-X), Axios Valley (Arambourg
& Piveteau, 1929; Koufos, 2000); Halmyropotamos (HAL),
Evia Island (Melentis, 1967); Kerassia (KER), Evia Island
(Roussiakis & Theodorou, 2003); Ravin des Zouaves 5
(RZO), Axios Valley (Koufos, 2011a); Mytilinii-1 (MTL),
Samos Island (Koufos, 2009); it is also referred without
description from the locality A, Samos Island (Solounias,
1981). Some material without description, referred as
Machairodus sp., is known from TMP (Koufos, 2006a; Ger-
aads et al., 2007).

Age. Early-Middle Turolian MN 11-12.

Remarks. According to Beaumont (1975) A. giganteus is the
Turolian machairodont, which differs from the Vallesian M.

aphanistus by its narrower upper canine, the more pronounced
ectoparastyle in the P4, the reduced and more backwardly situ-
ated protocone in the P4 and the longer and narrower upper
teeth. In the lower teeth the accessory cuspids of the p4 are
higher and more slender, the protoconid of the m1 is longer and
the talonid of the m1 is strongly reduced.

Paramachaerodus orientalis (Kittl, 1887)
Type locality. Maragheh, Iran; Early-Middle Turolian, MN

11-12.

Holotype. Frontal part of the skull with both tooth rows,
described and figured by Kittl (1887: p. 329; taf. 14, figs. 1-5).

Greek localities. Pikermi (PIK), Attica (Pilgrim, 1931); Sila-
ta, Chalkidiki Peninsula (Koufos, 2006c). Some remains from
TMP are referred as Paramachaerodus sp. without description
(Geraads et al., 2007).

Age. Middle-Latest Turolian, MN 12-13/14.

Remarks. It was originally described as Machairodus ori-
entalis from Maragheh (Kittl, 1887). Pilgrim (1931) trans-
ferred it to Paramachaerodus, considering that Machairodus
schlosseri of Weithofer (1888: taf. 11, figs. 1-7) and
Machairodus hungaricus of Kormos (1911: fig. 17) are syn-
onyms of it. According to Pilgrim (1931) its main characters
are the size of the mental foramen, the stoutness of the ramus,
the weakly curved upper canine with its posterior keel more
serrated than the anterior one, the slightly serrated margins of
the lower canine and  relatively strong anterior accessory cus-
pid in the p4.
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Fig. 24.—Amphimachairodus giganteus, skull, AMPG-HAL-
1967/6, Halmyropotamos, Evia Island, Middle Turolian, MN 12.
Photo kindly provided by S. Roussiakis, AMPG.

Fig. 25.—Paramachaerodus orientalis, mandibular fragment,
NHML-PIK-M.8959, Pikermi, Attica, Middle Turolian, MN 12.
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Family HYAENIDAE Gray, 1821
Sub-Family Ictitheriinae (Trouessart, 1897) Diet-
rich, 1927
Protictitherium gaillardi (Forsyth Major, 1903)

Type locality. La Grive, France, Late Astaracian, MN 7+8
(NOW, 2010).

Holotype. Maxilla and the associated mandible, described
and figured by Gaillard (1899: p. 60; pl. II, figs. 1,3).

Greek localities. Antonios (ANT), Chalkidiki Peninsula
(Koufos, 2008).

Age. Middle/Late Orleanian, MN 4/5.

Remarks. Iniatially it was wrongly described as Herpestes
crassus Gaillard (1899), but then it was referred to Progenetta
gaillardi (Forsyth Major, 1903); finally it was transferred to
Protictitherium gaillardi by Schmidt-Kittler (1976). The
Greek material is poor, including a maxillary fragment with
M1-M2 and a mandibular fragment with p4 (Fig. 26),
described by Koufos (2008). According to the original
description and figures of the type material (Gaillard, 1899),
the upper premolars are slender with well developed cingu-
lum. The P4 has strong protocone with its anterior margin sit-
uated in front of the parastyle. The M1 is triangular-shaped.
The M1 of the Greek material is characterized by strongly
projected buccally paracone, small metacone and well devel-
oped protocone higher than the other two cusps. The p3 is
elongated with strongly projected distally distal cingulum; the
p4 has well developed posterior accessory cuspid. The m1 has
high main cuspids with well metaconid and bicuspid talonid
(Koufos, 2008).

Protictitherium thessalonikensis Koufos, 2011
Greek localities. Ravin de la Pluie (RPl), Axios Valley

(Bonis & Koufos, 1991).

Age. Late Vallesian, MN 10.

Remarks. Some maxillary and mandibular remains (Fig. 27)
of a protictithere from RPl have been described as P. cf. gail-
lardi because their size is smaller than the other known materi-
al of P. gaillardi (Bonis & Koufos, 1991; Koufos, 2000). The
revision of the RPl protictithere suggests that it belongs to a
new species named P. thessalonikensis (Koufos, 2011b).

Protictitherium sp. aff. P. intermedium Schmidt-Kit-
tler, 1976

Type locality. Çandir, Turkey; Late Orleanian, MN 5 or
early Astaracian MN 6 (Schmidt-Kittler, 1976; Begun et al.,
2003; Van der Made, 2003, 2005).

Holotype. The holotype of P. intermedium is the left
mandibular fragment, BSPM-1967V1736, described and fig-
ured by Schmidt-Kittler (1976: p. 66; taf. 3, fig. 1, abb. 61).

Greek localities. Ravin de la Pluie (RPl), Axios Valley
(Koufos, 2000).

Age. Late Vallesian, MN 10.

Remarks. An isolated m1 (Fig. 28) from RPl is morpholog-
ically and metrically very similar to P. intermedium but the
sole known specimen cannot allow precise determination and
thus it is referred as Protictitherium sp. aff. P. intermedium
(Koufos, 2000).
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Fig. 26.—Protictitherium gaillardi, mandibular fragment LGPUT-
ANT-87, Antonios, Chalkidiki Peninsula, Middle/Late Orleanian,
MN 4/5.

Fig. 27.—Protictitherium thessalonikensis, maxillary fragment,
LGPUT-RPl-69, Ravin de la Pluie, Axios Valley, Late Vallesian,
MN 10.

Fig. 28.—Protictitherium sp. aff. P. intermedium, m1 sin,
LGPUT-RPl-66, Ravin de la Pluie, Axios Valley, Late Valle-
sian, MN 10.
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Protictitherium crassum (Depéret, 1892)
Type locality. La Grive, France, Late Astaracian, MN 7+8

(NOW, 2010).

Type material. Some mandibular remains and an isolated P4,
described and figured by Depéret (1892: p. 31; pl. 1, figs. 14-17).

Greek localities. Xirochori-1 (XIR), Axios Valley (Koufos,
2000); Dytiko-3 (DKO) Axios Valley (Bonis & Koufos, 1991);
Mytilinii-4 (MLN), Samos Island (Koufos, 2009).

Age. Late Vallesian- Late Turolian, MN 10-13.

Remarks. The species was described under the name Her-
pestes crassus from La Grive, France (Depéret, 1892). It is a
large-sized protictithere, with molarized lower premolars espe-
cially p4, as well as short and wide m1 with high cuspids, well
separated talonid and high entoconid (Koufos, 2000, 2009).

Protictitherium sp. cf. P. crassum (Depéret, 1892)
Greek localities. Antonios (ANT), Chalkidiki Peninsula

(Koufos, 2008); Pentalophos (PNT), Axios Valley (Bonis &
Koufos, 1991; Koufos, 2000).

Age. Middle/Late Orleanian -?Early Vallesian, MN 4/5-?9.

Remarks. Two Greek localities ANT and PNT include some
protictitheres, which are similar to P. crassum (Koufos, 2000,
2008). The ANT material, although it has strong similarities
with P. crassum it is not determined to it because it is poor and
fragmentary (Koufos, 2008). The slightly smaller size, the more
molarized premolars, the relatively longer talonid in the m1, the
higher and stronger metaconid in the m1 and the more robust
teeth of the PNT material distinguishes it from P. crassum and
cannot allow its certain determination to this species (Bonis &
Koufos, 1991).

Plioviverrops orbignyi (Gaudry & Lartet, 1856)
Type locality. Pikermi, Attica; Middle Turolian, MN 12

(Figs. 1, 2).

Holotype. Skull associated with the mandible, MNHN-PIK-
3022 (Fig. 31) described and figured by Gaudry & Lartet
(1856).

Greek localities. Ravin des Zouaves-5 (RZO), Prochoma-1
(PXM), and Vathylakkos-2,3 (VTK, VAT), Axios Valley
(Koufos, 2000); Perivolaki (PER), Thessaly (Koufos, 2006b);
Mytilinii-1B (MTLB), Samos Island (Koufos, 2009). It is also
referred from Q1 and A of Samos (Solounias, 1981). Recently
some postcranials from KER, resembling greatly to P. orbignyi,
have been described as Plioviverrops sp., (Roussiakis &
Theodorou, 2003).

Age. Early-Middle Turolian, MN 11-12.

Remarks. Originally it was described as Viverra orbignyi by
Gaudry & Lartet (1856). It is a well known small hyaenid in
Greece but it is rare in the contemporaneous countries. It is
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Fig. 30.—Protictitherium sp. cf. P. crassum, mandibular frag-
ment, LGPUT-PNT-68, Pentalophos, Axios Valley, ?Early Valle-
sian, ?MN 9.

Fig. 31.—Plioviverrops orbignyi, skull and associated mandible,
MNHN-PIK-3022, HOLOTYPE, Pikermi, Attica, Middle Turolian,
MN 12.

Fig. 29.—Protictitherium crassum, hemimandible, LGPUT-DKO-
20, Dytiko, Axios Valley, Late Turolian, MN 13.
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characterized by oval narial opening, large elliptical orbits,
large auditory bullae, short-wide palate, very long postorbital
processes, long-narrow and roughly inclined backwards symph-
ysis, pointed cusps in the teeth, without or with rudimentary
accessory cusps in the P2,3, elongated P4 with relatively large
protocone situated in front of the parastyle, long talonid with
high entoconid in the m1 and high metaconid equal to proto-
conid in the m1 (Pilgrim, 1931; Koufos, 2006b, 2009).

Plioviverrops sp. cf. P. guerini Villalta & Crusafont,
1945

Type locality. The type locality of Plioviverrops guerini is
Pierra, Spain; Early Turolian, MN 11 (NOW, 2010).

Holotype. The holotype of Plioviverrops guerini is a left
mandibular fragment with p3-m1, described and figured by Vil-
lalta & Crusafont (1945: p. 95; pl. II, fig. 2).

Greek localities. Vathylakkos-3 (VAT), Axios Valley
(Bonis & Koufos, 1991).

Age. Middle Turolian, MN 12

Remarks. A left tooth row with p1-4 and a right one with
p3-m1 (LGPUT-VAT-74, 74a) is the only known material
(Fig. 32). It has some differences from P. orbignyi as the slight-
ly larger size, the higher and narrower p2,3 without accessory
cuspids and the less molarized teeth. These morphological
characters are closer to those of P. guerini and for this reason it
was referred to it (Bonis & Koufos, 1991). However, the study
of the new material from Greece indicates that the size of the
teeth and the development of the accessory cuspids vary in the
material of P. orbignyi and the taxonomic value of P. guerini
must be re-examined (Koufos, 2006b, 2009).

Ictitherium viverrinum (Roth & Wagner, 1854)
Type locality. Pikermi (PIK), Attica; Middle Turolian, MN

12 (Figs. 1, 2).

Type material. Right mandibular fragment with p2-m1,
BSPM-PIK-AS II.66 and the left mandibular fragment with c-
p4, BSPM-PIK-AS II. 56, described and figured by Roth &
Wagner (1854: p. 49; taf. 8, figs. 3, 5).

Greek localities. Pikermi (PIK), Attica (Roussiakis, 1996);
Ravin des Zouaves-5 (RZO), Prochoma-1 (PXM) and Vathy-
lakkos-3 (VAT), Axios Valley (Koufos, 2000). It is also
referred from the localities Q1 and A of Samos (Solounias,
1981). An isolated p2 from PER is morphologically and metri-
cally close to I. viverrinum but it is referred as Ictitherium sp.
because of the poor material (Koufos, 2006b).

Age. Early-Middle Turolian, MN 11-12.

Remarks. The species has a long taxonomic history referred
under different generic and specific names, but Kurtén (1982)
obtained its validity. It is a medium-sized ictithere with weakly
developed anterior accessory cuspid in the lower premolars;
however, it is larger in the p3,4. The m1 cuspids are not point-
ed, the paraconid + protoconid blade is not very high and the
metaconid relatively to protoconid is high. The P4 is short and
robust with small and less distinguished protocone. The P2,3
lack anterior accessory cusp but they bear a strong posterior
one, situated in a distal projection of the distal cingulum
(Kurtén, 1982; Koufos, 2000).

cf. Ictitherium pannonicum Kretzoi, 1952
Type locality. The type locality of I. pannonicum is Polgar-

di, Hungary; Middle-Late Turolian, MN 12-13 (NOW, 2010).

Type material. The type material of I. pannonicum is a
mandibular fragment with p1-p2, Ob/2653, described by Kret-
zoi (1952: p. 18). More details about the type material are given
by Werdelin & Solounias (1991).

Greek localities. It is only known from Kerassia.

Age. Early-Middle Turolian, MN 11-12.

Remarks.The sole known specimen is the right mandibular
ramus with c, p3-m1, AMPG-KER-K3/204, described and fig-
ured by Roussiakis & Theodorou (2003: p. 471; pl. 1, figs. 6-8).
It has larger p3, m1 and m2 than I. viverrinum. The large m2 is
characteristic for I. pannonicum and in this feature AMPG-
KER-K3/204 is similar to it. Moreover, its m1 is also similar to
I. pannonicum but the p3 is more robust. The poorly known
material cannot allow certain attribution and thus it is referred to
as cf. I. pannonicum (Roussiakis & Theodorou, 2003).

Hyaenictitherium wongii (Zdansky, 1924)
Type locality. Zdansky (1924) refers a series of localities

with H. wongii from Yushe, Shansi, China; Turolian, MN 11-
13 (NOW, 2010).

Type material. Several skulls and mandibles described and
figured by Zdansky (1924, p.73; taf. 14, figs. 3-6, taf. 15, figs.
1-4, taf. 16, figs. 1, 2), but he did not define a holotype.

Greek localities. Pikermi (PIK), Attica Gaudry (1862-67);
Ravin des Zouaves-1 (RZ1), Ravin des Zouaves-5 (RZO) and
Vathylakos 2, 3 (VTK, VAT), Axios Valley (Koufos, 2000);
Mytilinii-1A, B, C (MTLA, MTLB, MTLC), Samos Island
(Koufos, 2009); it is also referred from Q1, 4, 5 and S3 of
Samos (Solounias, 1981).
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Fig. 32.—Plioviverrops sp. cf. P. guerini, mandibular fragment,
LGPUT-VAT-74a, Vathylakkos, Axios Valley, Middle Turolian,
MN 12.
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Fig. 33.—Ictitherium viverrinum, mandibular fragments, BSPM-PIK-AS II.56 (a) and BSPM-PIK-AS II.66 (b), TYPE MATERIAL, Piker-
mi, Attica, Middle Turolian, MN 12; Photo of M. Schellenberger kindly provided by G. Rössner, BSPM.

Fig. 34.—cf. Ictitherium pannonicum, mandibular fragment with
c, p3-m1, AMPG-KER-K3/204, Kerassia, Evia Island, Turolian,
MN 11-12. Foto shooted from Roussiakis & Theodorou (2003: pl.
1, figs. 6-8).

Fig. 35.—Hyaenictitherium wongii, skull, MNHN-SAM-A.4746,
Loc. unknown, Samos Island, Turolian, MN 11-13; mandible,
NHMA-MTLB-171, Mytilinii-1B, Samos Island, Middle Turolian,
MN 12.
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Age. Late Vallesian-Middle Turolian, MN 10-12.

Remarks. The name Ictitherium wongii was used for a set of
cranial remains of an ictithere found in various Chinese locali-
ties (Zdansky, 1924); Palhyaena aff. hipparionum of Schlosser
(1903) was also included to this species. Its taxonomic history
is long and complicated (see Koufos, 2000, 2009 and ref.
cited). It is a medium-sized ictithere very common in Eurasia
known from China to Spain. It differs from Ictitherium in the
elongated blade and the relatively larger protocone of the P4,
the reduced molars and the relatively shorter talonid of the m1.
It is also different from Thalassictis in the elongated blade of
the P4, the less high protoconid of the m1, the weaker talonid
with lower cuspids of the m1 and the smaller size. An isolated
tooth from the locality Mytilinii-4 (MLN) resembles to H.
wongii and it is referred to as H. cf. wongii (Koufos, 2009).

Lycyaena chaeretis (Gaudry, 1861b)
Type locality. Pikermi (PIK), Attica; Middle Turolian, MN

12 (Figs. 1, 2).

Holotype. Mandibular fragment with c-p2 dex and p2-m1
sin, MNHN-PIK-3383 (Fig. 36a) described and figured by
Gaudry (1861b: p. 534; pl. 11, figs. 3-6).

Greek localities. Pikermi (PIK), Attica (Roussiakis, 1996);
the taxon is also referred from the locality A, Samos Island
(Solounias, 1981).

Age. Middle Turolian, MN 12.

Remarks. It was originally described as Hyaena chaeretis
by Gaudry (1861b) and later transferred to the new genus
Lycyaena by Hensel (1862). The P2,3 lack anterior accessory
cusp but they bear a strong posterior one. The P4 is elongated
and narrow with strong and well separated protocone. The M1
is large. The lower premolars have well developed posterior
accessory cuspid, situated in a distal projection of the distal
cingulum. The anterior accessory cuspid is strong in the p4 but

it is rudimentary (like a cingular projection) in the p2,3 (Pil-
grim, 1931).

Sub-family Hyaeninae (Gray, 1821) Mivart, 1882
Hyaenictis graeca (Gaudry, 1861b)

Type locality. Pikermi (PIK), Attica; Middle Turolian, MN
12 (Figs. 1, 2).

Holotype. Left mandibular ramus with dP2-dP4 and P4-M1,
MNHN-PIK-3002 (Fig. 37b), described and figured by Gaudry
(1861b: p. 527; pl. 11, figs. 1-2).

Greek localities. It is only known from Pikermi.

Age. Middle Turolian, MN 12.

Remarks. The known material of Hyaenictis graeca is few,
including a maxillary and mandibular fragment of a young indi-
vidual, housed in MNHN and a maxillary fragment of a young
individual stored in NHMW; the two maxillary fragments
belong possibly to the same individual. It is distinguished from
A. eximia, having larger protocone in the P4, and more narrow
and slender premolars. However, it was synonymized to Adcro-
cuta eximia (Solounias, 1981) but soon retrieved its taxonomic
value as a separate taxon (Howell & Petter, 1985). An isolated
P2 from the Late Vallesian locality RPl of Axios Valley has
some similarities to this species and it is referred to as
?Hyaenictis (Koufos, 2011a).

Chasmaporthetes bonisi Koufos, 1987
Type locality. Dytiko-1 (DTK), Axios Valley; Late Turo-

lian, MN 13 (Figs. 1, 2).

Holotype. Part of the left mandibular ramus with p2-m1,
LGPUT-DTK-126 (Fig. 38b), described and figured by Koufos
(1987: p. 918; pl. 1, figs. 1, 2, 3c).

Greek localities. Ravin des Zouaves-5 (RZO), Axios Valley
(Bonis & Koufos, 1994a)

Age. Early-Late Turolian, MN 11-13.
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Fig. 36.—Lycyaena chaeretis, a. mandible, MNHN-PIK-3383,
HOLOTYPE, Pikermi, Attica, Middle Turolian, MN 12, b. skull,
NHMW-SAM-4744, Loc. unknown, Samos Island, Turolian, MN
11-13.

Fig. 37.—Hyaenictis graeca, a. maxillary fragment, NHMW-PIK-
A.4715, b. mandibular fragment, MNHN-PIK-3002, HOLOTYPE,
Pikermi, Attica, Middle Turolian, MN 12.
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Remarks. Primitive form of the genus with relatively narrow
palate, moderately developed P1, large and not labially directed
protocone in the P4, well developed M1, curved and imbricated
lower tooth row, oval distal margin in the lower premolars,
absence or rudimentary anterior accessory cuspid in the p2,3,
absence of metaconid in the m1, and small-bicuspid talonid
with reduced entoconid in the m1 (Koufos, 1987; Bonis &
Koufos, 1994a).

Adcrocuta eximia (Roth & Wagner, 1854)
Type locality. Pikermi (PIK), Attica; Middle Turolian, MN

12 (Figs. 1, 2).

Holotype. Right mandibular ramus with i3-m1, BSPM-PIK-
105 (Fig. 39a), described and figured by Roth & Wagner
(1854: p. 396; tab. 8, fig. 6).

Greek localities. Halmyropotamos (HAL), Evia Island
(Melentis, 1967); Xirochori-1 (XIR), Ravin de la Pluie (RPl),

Ravin des Zouaves-1, 5 (RZ1, RZO), Prochoma-1 (PXM) and
Vathylakkos-3 (VAT), Axios Valley (Koufos, 2000); Mytilinii-
1A (MTLA), Samos Island (Koufos, 2009); Perivolaki (PER),
Thessaly (Koufos, 2006b); Kerassia (KER), Evia Island (Rous-
siakis & Theodorou, 2003). It is also referred from the old
Samos localities Q4, Q5, A, Q1 (Solounias, 1981).

Age. Late Vallesian-Middle Turolian, MN 10-12

Remarks. It is very common and widespread in Turolian
extended from Spain to China. It is characterized by robust
teeth, absence of anterior accessory cusp(-ids) in the P2, and
p2,3, rudimentary protocone in the P4, absence of metaconid
and small talonid in the m1. In Greece two subspecies were
recognized: the Vallesian A. e. leptoryncha Bonis & Koufos,
1981 and the Turolian A. e. eximia. The former one is charac-
terized by longer snout and narrower palate, less compressed
jugal tooth row and slenderer premolars (Bonis & Koufos
1981; Koufos, 2000, 2011a).

Family PERCROCUTIDAE Werdelin & Solounias,
1991
Percrocuta Kretzoi, 1938
Percrocuta sp.

Type species. The type species is Percrocuta carnifex,
described and figured by Pilgrim (1932).

Type locality. The type locality of P. carnifex is Upper
Chinji, Siwaliks, Pakistan; Astaracian (Pilgrim, 1932; Barry et
al., 2002)

Greek localities. Antonios, Chalkidiki (Koufos, 2008).

Age. Middle/Late Orleanian, MN 4/5.

Remarks. A sole P4 is known from ANT (Fig. 40), which
has similarities with P. carnifex and P. abessalomi (Koufos,
2008).

Belbus beaumonti (Qiu, 1987)
Type locality. Samos Island, Loc. unknown; the possible

horizon where it was found is the Main Bone Beds (Werdelin
& Solounias, 1991).
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Fig. 40.—Percrocuta sp., upper carnasial, LGPUT-ANT-88,
Antonios, Chalkidiki Peninsula, Middle/Late Orleanian, MN 4/5.

Fig. 39.—Adcrocuta eximia, a. hemimandible, BSPM-PIK-AS
II.105, HOLOTYPE, Pikermi, Attica, Turolian, MN 11-13, Photo
of M. Schellenberger kindly provided by G. Rössner, BSPM; b.
skull, NHMW-SAM-4727, Loc. unknown, Samos Island, Early-
Late Turolian, MN 11-13.

Fig. 38.—Chasmaporthetes bonisi, a. frontal skull, LGPUT-RZO-
125, Ravin des Zouaves-5, Axios Valley, Early Turolian, MN 11;
b. mandibular fragment, LGPUT-DTK-126, HOLOTYPE, Dytiko,
Axios Valley, Late Turolian, MN 13.
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Holotype. Left mandibular ramus with c-p3, m1, NHMB-
SAM-33, described and figured by Beaumont (1968: p. 21-26;
pl. 1, figs. 1, 2). The type specimen belongs to the old collec-
tion of Basel without locality indication and it is difficult to
certify its exact stratigraphic position.

Greek localities. It is only known from Samos.

Age. The Main Bone Beds are dated to Middle Turolian, MN
12 (Koufos et al., 2009a).

Remarks. The type specimen was originally described as
Hyaena sp. due to its derived premolars and carnassial (Beau-
mont, 1968). Extensive history of the taxon is given by
Werdelin & Solounias (1991) and Turner et al. (2008). Beau-
mont (1968) mentioned the large m1 with relatively long
talonid and strong metaconid, the hypoconid’s dominance in
the talonid of the m1, the presence of the p1 and m2, and the
large posterior accessory cuspid in the p2,3.

Dinocrocuta gigantea (Schlosser, 1903)
Type locality. The Chinese sites Tientsin, Shansi, Tibetfluss

as referred by Schlosser (1903); Late Miocene.

Type material. A set of isolated teeth described and figured
by Schlosser (1903: p. 35; taf. 2, figs. 1-8).

Greek localities. Pentalophos-1 (PNT), Axios Valley
(Koufos, 1995).

Age. ?Early Vallesian, ?MN 9.

Remarks. The species was erected by Schlosser (1903) as
Hyaena gigantea; Pilgrim (1932) included some material from
Siwaliks to it under the name Crocuta gigantea var. latro. Part
of the Pilgrim’s material transferred to Crocuta (Percrocuta)
grandis (Kurtén, 1957). The material of D. gigantea was
referred to Allohyaena (Dinocrocuta) gigantea by Howell &
Petter (1985) and finally Qiu et al. (1988), based on a skull
from China, defined the genus Dinocrocuta and included
Schlosser’s material to this genus. It is characterized by large-

very large size, thick and broad nasal bones, sharp bending of
the cranial roof, long meatus acusticus, short and high cranial
proportions, absence of internal root in the P3, long p4 relative
to the p3, hyperthrophied p2 and short m1 relative to the p3.
The sole known material from Greece is a mandible (Fig. 43)
and two upper canines (Koufos, 1995). The genus was recently
recognized in the Vallesian locality XIR of Axios Valley by a
maxillary fragment with deciduous dentition (Koufos, 2011a).

Dinocrocuta salonicae Andrews, 1918
Type locality. Diavata (DVT), Axios Valley; this locality is

possibly similar to Pentalophos-1 (PNT) but it cannot be
proved because of lacking information (Andrews, 1918;
Koufos, 1995).

Holotype. Right maxillary fragment with P2-P4, NHML-
DVT-M.11413, (Fig. 44), described and figured by Andrews
(1918: p. 541)
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Fig. 41.—Belbus beaumonti, hemimandible, SMNS-SAM-13118,
Loc. unknown, Samos Island, Turolian, MN 12. Photo kindly pro-
vided by S. Roussiakis, AMPG.

Fig. 42.—Dinocrocuta gigantea, mandible, LGPUT-PNT-70, Pen-
talophos, Axios Valley, ?Early Vallesian, ?MN 9.

Fig. 43.—Dinocrocuta salonicae, maxillary fragment, BMNH-
DVT-M.11413, HOLOTYPE, Diavata, Axios Valley, Vallesian-
?Early Turolian, MN 9-?MN 11.
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Greek localities. It is only known from Diavata locality.

Age. Vallesian-?Early Turolian, MN 9-?11.

Remarks. This specimen has a long taxonomic and chrono-
logic history (see Koufos, 1995). The author discussed the
problem of D. salonicae and compare it with D. gigantea from
PNT and other taxa. Although the limited and not comparable
(maxilla-mandible) material from both species makes difficult
the comparison, it seems that D. salonicae is a separate species
different than D. gigantea

Family AILURIDAE Gray, 1843
Simocyon primigenius (Roth & Wagner, 1854)

Type locality. Pikermi (PIK), Attica; Middle Turolian, MN
12 (Figs. 1, 2).

Holotype. Right mandibular ramus with c-m1, BSPM-PIK-
AS II.53 (Fig. 44), described and figured by Roth & Wagner
(1854: taf. 8, figs. 1,2).

Greek localities. Pikermi (PIK), Attica (Roussiakis, 2002);
Halmyropotamos (HAL), Evia Island (Melentis, 1968).

Age. Middle Turolian, MN 12.

Remarks. The species has a complicated taxonomic history;
even now it is included either to the family Procyonidae or Ail-
uridae or Canidae. It is characterized by long and robust

mandibular ramus and a blunter muzzle. There is a variability
in the number of the incisors and the presence of the p1 (Pil-
grim, 1931).

Composition of the Carnivore Fauna

As it was referred in the introduction, the Early-
Middle Miocene localities of Greece are few and
their carnivore fauna poor. The available data give a
limited idea about the composition of the carni-
vores, as in most cases they include only one
species (Fig. 45a). The viverrids are more abundant
(29%), including two lophocyonines, found in Aliv-
eri and Thymiana-B. The Lophocyoninae are very
rare in Europe and they are known by three genera
Sivanasua, Euboictis and Lophocyon; the second
taxon is known only from Greece, while Lophocyon
is known from Greece and Slovakia (Koufos et al.,
1995). The hyaenids include only ictitheres and
together with the mustelids, felids and percrocutids
are represented by a single taxon. The genus
Palaeogale is included in the group of the incertae
sedis and it is referred without description from
Aliveri (Schmidt-Kittler, 1983).

On the contrary, the late Miocene carnivore
assemblage of Greece is rich and includes a great
number of taxa (Fig. 45b). The hyaenids (38%) and
the mustelids (30%) are the dominant families. The
hyaenids include a great number of ictitheres (27%
or 10 species), while the true hyaenas are less (8%
or 3 species). The mustelids, however, are more
diversified, including six sub-families with the
dominance of Mustelinae and Melinae (8% or 3
species each sub-family); the presence of the large
Guloninae Plesiogulo is characteristic. The Lutrinae
(6% or 2 species) and Mephitinae (5% or 2 species)
are equally represented in the fauna. The Mel-
livorinae are recently recognized in the RPl fauna
(Koufos, 2011) but they are not included in this
analysis. The Felidae are quite abundant (16% or 6
species) characterized by the dominance of Felinae
(11% or 4 species); the machairodonts are less
(5%), including two taxa only. The percrocutids
although they are abundant as the true hyaenas (8%)
and quite diversified (3 species) they are represent-
ed by few specimens; each species is known by a
single specimen. The ursids, although they are rela-
tively abundant (8% or 3 species), their known
material is poor, including few specimens. The
Simocyoninae are rare, represented by the sole
taxon Simocyon primigenius, reported only from
Southern Greece. The majority of the known Greek
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Fig. 44.—Simocyon primigenius, mandibular fragment, BSPM-
PIK-AS II.53, HOLOTYPE, Pikermi, Attica, Middle Turolian, MN
12. Photo of M. Schellenberger kindly provided by G. Rössner,
BSPM.
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carnivore taxa is accumulated in Middle Turolian,
MN 12 (Fig. 46). The Ictitheriinae and Hyaeninae
dominate in Late Vallesian and Early-Middle Turo-
lian; they are present with several taxa. Both sub-
families are rare in Late Turolian; this is due to the
few known localities and the poor material. The
percrocutids are also rare and their presence is
mainly referred from the Vallesian, except Belbus,
known from the Middle Turolian. The ursids and
mustelids are mainly known from Middle Turolian.
The Lutrinae are present in Late Turolian by a sin-
gle taxon, while they are possibly present in the
Middle Turolian, too.

Guild structure

The guild structure of a carnivore palaeocom-
munity can provide information about their habitat
in comparison with modern ones from known
environments, using the guild structure diagrams
(Morlo, 1999; Morlo et al., 2010). The guild struc-
ture graph of the Late Miocene carnivore assem-
blage of Greece is given in Fig. 47. The absence of
the arboreal predators, the rarity of the semiaquat-

ic ones, the abundance of the middle to large-sized
taxa, the abundance of terrestrial and cursorial
forms,  the  dominance  of  the  carn ivorous-
bone/meat eaters and the presence of hyaenas indi-
cate similarities to an open habitat. In these fea-
tures the late Miocene carnivore guild graph
resembles to the modern one of Serengeti (Morlo
et al., 2010). This resemblance indicates a similar
palaeoenvironment; as Serengeti is an open envi-
ronment (open savannah grassland) similar envi-
ronmental conditions can be supposed for the Late
Miocene of Greece. The presence of some scanso-
rial primitive hyaenids (mainly protictitheres) sug-
gests the presence of some trees and bushes. These
predators are relatively more abundant in the
Vallesian, indicating more close conditions than in
the Turolian. The sole known semi-aquatic Lutra
affinis, known from the Latest Miocene locality of
Maramena, as well as the possible presence of
Enhydriodon in Pikermi indicates that during Late
Turolian the environmental conditions started to
change being more wet.

The late Miocene palaeoenvironment of Eastern
Mediterranean has been determined, using various
methods. The Vallesian palaeoenvironment of
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Fig. 45.—Composition of the Greek carnivore assemblage (% number of species per family or sub-family); a. Middle Miocene, b. Late
Miocene.
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Greece was an open habitat of savannah type with
thick grass floor, some trees, bushes and schrubs
(Bonis et al., 1992, 1999; Bonis & Koufos, 1994b;
Koufos, 2006d). The dental microwear of the Valle-
sian herbivores of Greece, as well as of the homi-
noid Ouranopithecus macedoniensis indicates simi-
lar palaeoenvironmental conditions (Merceron et al.,
2005, 2007). The study of the Turolian mammal
assemblages and their comparison with modern ones
from known environments suggest a habitat similar
to that of the Vallesian, but more open and drier
(Bonis et al., 1992; Bonis & Koufos, 1994b; Koufos
et al., 2006b, 2009b; Kostopoulos, 2009). The dental
microwear of the Turolian herbivores of Eastern
Mediterranean suggests also a similar open/dry habi-
tat (Merceron et al., 2004, 2006). During late Turo-
lian there are evidences that the palaeoenvironment
changed, being more wet, having more close areas,
as indicated from the study of the mammal faunas
(Koufos, 2006c; Vasileiadou & Koufos, 2005). The

mammal hypsodonty palaeoprecipitation proxy, sug-
gests that in Eastern Europe and Western Asia the
Turolian habitat was dry, taking its maximum in the
Middle Turolian. However, the humidity gradually
increased in the late Turolian and the palaeoenviron-
ment became more wet (Bonis et al., 1992; Eronen
& Rook, 2004; Eronen et al., 2009). The palaeoflo-
ral data suggests open/arid conditions during Turo-
lian in Eastern Mediterranean, confirming the above
mentioned results for Greece (Suc et al., 1999;
Ioakim et al., 2005; Kovar-Eder et al., 2006; Strön-
berg et al., 2007; Ioakim & Koufos, 2009).

The guild structure of the Samos Late Miocene
carnivores indicates an open savannah-like habitat
(Nagel & Koufos, 2009). Recently, the guild struc-
ture of the late Miocene carnivore assemblages of
the Greco-Iranian Province (Balkans, Turkey, Iran,
Afganistan) were studied. Their comparison with
the modern carnivore assemblages indicates open
and relatively dry conditions for the late Miocene
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Fig. 46.—Stratigraphic distribution of the Late Miocene Carnivores of Greece.
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(Koufos & Konidaris, 2011). All the above men-
tioned results, provided by different methods, fit
quite well with those taken from the study of the
guild structure of the Late Miocene Greek carni-
vores. The few Early/Middle Miocene carnivores of
Greece cannot provide a useful and indicable guild
structure diagram in order to get some reliable
results for the palaeoenvironment.
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