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Late Miocene ma mmal events and biostr atig raphy
in the Eastern Mediterr anean

INTRODUCTIO N
During the Late Miocene, a great number of
mammal taxa from Asia and Africa arrived in
Europe using Asia Minor and the Balkan
Peninsula as access roads. In addition, west-
central European mammalian taxa used the
same areas for their migration to the east. The
importance of migration through these two
geographic regions is very large and the
various mammalian dispersal events can be
used for a biostratigraphic division. The
mammalian localities in this area are quite
abundant and provide a good knowledge of
the faunas. During the last two decades,
several new localities have been discovered
and new material has been unearthed and
determined. The new collections of fossils are
well correlated with the stratigraphy, while

the magnetostratigraphy of some of the sec -
tions provides quite reliable absolute ages.
Certainly, in many cases the available data
are limited or few, the determinations are
doubtful and the biochronology not precise.
Besides all these difficulties: the Eastern
Mediterranean is an interesting region for the
study of the mammalian migrations and their
biochronological significance, and it is quite
possible to get some preliminary results
which will be enriched in the future with new
ones coming from projects in progress, and
all together, will give a complete idea about
these migrations and biochronology. 

In this article, we present data on the paleo -
biogeographic distribution of some Late
Miocene taxa in the Eastern Mediterranean
and correlate some of the mammalian events
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with the available absolute dating and bios -
tratigraphy in order to arrive at a preliminary
biostratigraphic division of the Late Miocene.
The Late Miocene was selected because there
are several mammalian localities in the
Eastern Mediterranean, with well-known fau-
nas and quite precise datation. Moreover, the
paleogeography of the area is well known and
thus we can check the mammalian migra -
tions.

MATERIAL AND METHODS
The faunal lists and the age of the various
Late Miocene localities are issued from the
database NOW:
www.helsinki.fi/science/now/database.htm. 
I used the last version that is referred in the
text as NOW 2000. For the Greek localities, 
I also used a personal list. For the Bulgarian
localities, NOW 2000 and the lists of Nikolov
(1985) were used. For the Turkish localities,
the faunal lists of Sickenberg et al. (1975)
and NOW 2000 were used, as well some per -
sonal lists of Dr S. Sen. Additional data were
also found in Bonis & Koufos (1999),
Lunkka et al. (1999), Koufos & Kostopoulos
(1997), Korotkevich (1988) and Theodorou et
al. (this volume). The Late Miocene mammal
faunas of the Eastern Mediterranean are very
diverse. Consequently, I selected the most
common and characteristic taxa with their
localities (Appendix 1). The coordinates
given in NOW 2000 were used for the loca-
tion of the various fossiliferous sites in the
maps. The geographic term Eastern
Mediterranean includes the Balkan Peninsula
and Asia Minor, but in the maps, the locali -
ties of the neighbouring areas are also inclu -
ded.

Abbr eviations
FLA = First Local Appearance, the first 

occurrence of a taxon in the Eastern 
Mediterranean.

LLA = Last Local Appearance, the last occur-
rence of a taxon in the Eastern 
Mediterranean.

NOW = Neogene of the Old World.

PERISSOD ACTYLA

Hipparion -datum in the Eastern
Mediterr anea n
The appearance of the hipparionine horses,
known as Hipparion-datum, is a major event
indicating the beginning of the Late Miocene
in the whole Mediterranean region and
Europe. The hipparionine horses are Miocene
immigrants with a North American origin.
According to Haq et al. (1988) a strong sea
level drop around 11.0 Ma opened the
Beringian landbridge and enabled some
north-American mammals to pass into
Eurasia. The most important among them is
Hipparion, which expanded rapidly and con-
quered the Old Word. Concerning the
Hipparion-datum, two different opinions
exist: the first one suggests a synchronous
event for the whole Mediterranean region,
while the second one supports a diachronous
event. Recently, Garces et al. (1997) suggests
a time-transgresssive Hipparion dispersal
with a short time diachrony.

The age of the Hipparion-datum is still an
often discussed problem, and two main 
opinions exist. The first opinion proposes that
Hipparion occurs between 11.5 and 11.0 Ma,
in the upper part of Chron C5r (Agustí et al.
1997, Garces et al.1997, Bernor et al. 1988).
The second opinion suggests that the
Hipparion-datum can be dated to 10.8-10.3
Ma, in the lower part of Chron C5n (Sen
1990 1997, Pilbeam et al. 1996, Swisher III
1996, Kappelman et al. 2003). The importan-
ce of this event and its dating, makes it
necessary to look more precisely at the avail-
able data on Hipparion from the Eastern
Mediterranean.

The only known chronological data on the
appearance of Hipparion in the Eastern
Mediterranean comes from Turkey. The FLA
of Hipparion is recorded in the Sinap area
(Fig. 1) and more exactly in Locality 4,
which is correlated to Early Vallesian, MN9
(Lunkka et al. 1999). Its age is estimated to
be 10.692 Ma, while the MN8/MN9 transi -
tion is estimated between the Locality 64 and
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Locality 4 at 10.728 Ma (Kappelman et al.
2003). This age correlates quite well with the
age of 10.7 Ma proposed for the Hipparion-
datum in the Siwaliks (Pilbeam et al. 1996).
In Greece, Early Vallesian localities are un-
known and the first hipparionine horse is
known from the Late Vallesian localities of
Kastellios (Crete) and those of the Axios val-
ley (Macedonia, Greece). The Kastellios sec-
tion is correlated to Chron C4A correspon-
ding to the time span 9.230-9.642 Ma (Sen et
al. 1986). The first Hipparion’s remains were
recorded at the level K2 (de Bruijn et al.
1972). Its age is estimated at about 9.5 Ma
(Sen et al. 1986). Similar ages are also esti -
mated for the Vallesian localities of the Axios
valley; the oldest locality Xirochori 1 has an
age of about 9.6 Ma (Sen et al. 2000). Based
on these data, the Hipparion-datum for the
Eastern Mediterranean is dated at 10.7 Ma.

Radiometric dating is known from
Höwenegg, Germany. 40Ar/39Ar dating of the
‘tuffites’ yielded ages between 10.86±0.04
and 10.29±0.07 Ma, while the Höwenegg
deposits are closer to the younger ages
(Swisher III 1996). In Austria, the locality of
Gaiselberg is considered as being at the
beginning of the Vallesian and older than 11.0
Ma (Woodburne et al. 1996). In Eastern
Europe, the locality of Zeltokamenka inclu-
des the co-existence of Anchitherium and
Hipparion (Gabunia 1981). The revised pale-
omagnetic data suggest an age at about 10.5
Ma for Zeltokamenka (Sen 1997).

Taking into account all the available data
from the Eastern Mediterranean, the FLA of
the hipparionine horses and consequently the
beginning of theVallesian can be dated at
10.7 Ma. The arrival of Hipparion is an
important event and besides its short time
diachrony, it is a useful tool for correlations.
During the Vallesian, the hipparions were
common in the area but low in frequency.
Later, the genus diversified with the appe -
arance of various species. At the beginning of
the Late Vallesian, three different species
have been recognized in the Axios valley of
Greece (Koufos 2000a). However, the great

development and high frequency of the genus
occurred during the Turolian.

Both the largest number of specimens and
the highest percentage of individuals is
reached during the Turolian where they were
commonly represented by more than 50% of
the specimens or individuals of a locality.
There are important differences between the
Vallesian and Turolian hipparions as noted by
various specialists. These differences are well
expressed in the hipparions of Central and
Western Europe. During the Vallesian in the
Eastern Mediterranean, the environmental
conditions were drier and more open than
those of Central and Western Europe (Bonis
et al. 1992 1999) and consequently the dif fe-
rences between the hipparions from these
areas are more expressed. A decrease in the
abundance of hipparions is observed during
the Pliocene. This may be an artefact of the
record because the number of Pliocene locali -
ties is still quite low in the Eastern
Mediterranean. 

The last hipparionine horses are recorded in
the locality of Gülyazi, Turkey (Fig. 1) dated
to 3.4-2.6 Ma (NOW 2000). In Greece, the
last appearance of Hipparion is traced in the
locality of Apolakkia (Rhodes Island) dated
to the Late Ruscinian (MN15). The overlying
locality of Damatria, with remains of Equus,
is dated to the Villafranchian (Benda et al.
1977). In Romania, Hipparion is recorded in
the locality of Malusteni, which is correlated
to MN15, and in Georgia from Kvavebi dated
to MN16 (NOW 2000). Until now, there is no
evidence in the Eastern Mediterranean on the
co-existence of Hipparion and Equus. The
hipparionine horses seem to disappear in the
area before the end of the Pliocene, while in
Africa they existed until the Early Pleisto-
cene. At the moment, the available magnetos-
tratigraphy or radiochronologic data are
insufficient for a precise dating of the hippa -
rion’s extinction event in the Eastern
Mediterranean.

Ceratotherium event
The late Miocene rhinocerotids include the
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genera Stephanorhinus, Ceratotherium,
Chilotherium and Aceratherium. Ceratotherium
is quite abundant and common in Late
Miocene. Its FLA is traced in the locality of
Esme Akcaköy, Turkey dated to the Early
Vallesian (MN9, de Bruijn et al. 1992). The
fauna of Esme Akcaköy is quite similar to or
younger than those of the upper levels of the
Sinap localities 8A, 8B and 12 (Sen pers.
comm. 2001), correlated to upper MN9-lower
MN10. Ceratotherium existed during the Late
Miocene and disappeared at the end of the
Turolian. Its LLA is recorded in the locality
of Dytiko (Greece), dated to the upper part of
the Late Turolian, MN13 (Bonis & Koufos
1999).

RODENTS

Several rodents have been recorded in the
various Late Miocene localities of the Eastern

Mediterranean, but generally, the available
material is restricted. In fact, the study of the
Late Miocene micromammalian faunas in the
Eastern Mediterranean is incomplete and the
data are quite limited. In the Balkans, the
available data comes only from Greece, while
they are almost absent from Albania, former
Yugoslavia, Bulgaria and Romania. In
Turkey, there are some references but again
the data are as limited as in Greece. This
makes the correlation with the Western
Mediterranean difficult. However, the availa-
ble data will be used in this article, as they
include important events, useful in the bios -
tratigraphy of the Late Miocene.

Cricetulodon event
The genus Cricetulodon is quite rare in the
Eastern Mediterranean. Its FLA is recorded in
the locality of Bayraktepe 1 (Turkey) dated to
Late Astaracian (de Bruijn et al. 1992, NOW

Figure 1  Geographic distribution of Hipparion during late Miocene in the Eastern Mediterranean.
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2000). Other occurrences are reported from
the Sinap Locality 8A (Turkey) dated at
9.886 Ma and Kastellios (Greece) dated
between 9.642 and 9.230 Ma, while its LLA
is recorded in the Sinap Locality 84 dated at
9.367 Ma (Lunkka et al. 1999, Kappelman et
al. 2003, Sen et al. 1986). In Spain, the taxon
is well known and the Cricetulodon-zone
characterizes the Early Vallesian (Agustí et
al. 1997). Its first appearance in Spain is
recorded in the pre-Hipparion levels of
Hostalets de Pierola correlated to MN7+8
(NOW 2000), however, its acme zone is from
Middle to Late Vallesian (Agustí et al. 1997).

Pr ogonomy s event
The genus is considered typical for the
Vallesian but a clear diachrony can be seen in
its distribution (Sen 1990, 1997). In Pakistan
Progonomys appeared at ca.12.3 Ma, well
before the appearance of Hipparion (Pilbeam
et al. 1996). In the Eastern Mediterranean
Progonomys appeared quite later. Its FLA is
recorded in the Sinap Locality 108 (Sen pers.
comm. 2001) dated at 10.135 Ma
(Kappelman et al. 2003). In Spain, the first
local appearance of Progonomys is estimated
between 9.642-9.740 Ma (Agustí et al. 1997)
coinciding with the Early/Late Vallesian
boundary of 9.64 Ma (Sen 1997). 

Progonomys is quite common in the
Vallesian of the Eastern Mediterranean (Fig.
2). Except in Sinap (Turkey) it is present in
the localities of Bayraktepe II and Karaözü
(NOW 2000). The last two localities were
dated to Late Vallesian (MN10, de Bruijn et
al. 1992). Three Greek Vallesian localities
contain records of Progonomys. The
Kastellios locality in Crete includes a poor
mammalian fauna but the correlation with the
marine forams suggests either a Late
Vallesian age (MN10) or an Early/Late
Vallesian age (de Bruijn et al. 1972, de
Bruijn & Zachariasse 1979). The magnetos-
tratigraphy of the Kastellios section suggests
an age between 9.642-9.230 Ma (see above in
Hipparion). The locality of Biodrak (Greece)
is also dated to the Late Vallesian (de Bruijn

& van der Meulen 1979).   
Magnetostratigraphic data for Biodrak sug-

gests a correlation with Chron C4A and more
precisely with the older lower part of the
Kastellios section (Sen 1986). The third loca-
lity, in which Progonomys was found, is that
of Ravin de la Pluie, in the Axios valley (Fig.
2) dated to the Late Vallesian (MN10, Bonis
& Koufos 1999). Magnetostratigraphic data
suggests correlation with Chron C4Ar.1n
(9.31-9.23 Ma), while the age of the fossilife -
rous level is estimated at 9.3 Ma (Sen et al.
2000). Finally Lefkon, a locality in the Serres
basin (Macedonia, Greece), is referred to the
uppermost part of Late Vallesian, MN10
(Mein 1990, de Bruijn et al. 1992). Progo-
nomys is also reported from the Turkish loca-
lity of Cumali, assigned to the end of the
Early Turolian (Ünay et al. this volume) and
representing the LLA of the genus in Eastern
Mediterranean.

Progonomys is an Asian immigrant, which
arrived in the Eastern Mediterranean slightly
later than Hipparion, and migrated into
Western and Central Europe. It lived in the
area until the end of the Early Turolian
(Cumali, Turkey). In Central Europe, it is
known from the Early Turolian locality of
Sumeg, Hungary (NOW 2000). However, the
presence of H. primigenium in the fauna of
Sumeg is an indication for a Vallesian age.
Moreover, it is present in the fauna of
Kohfidisch (Austria) dated to Late Vallesian,
MN10 (NOW 2000). In Spain, it is very com -
mon during the Late Vallesian and recorded
in the localities Can Llobateres, La Roma,
Masia del Barbo, Terassa, Villadecavalls and
Can Casablanqua (NOW 2000). 

Concluding, Progonomys appeared at 12.3
Ma in Pakistan, at 10.1 Ma in the Eastern
Mediterranean and at 9.7 Ma in Spain. It is
interesting that this animal needed about 2.0
Ma to migrate into Asia Minor from Pakistan
and then took ~ 0.40 Ma to arrive in Spain.
Several hypotheses can be given to explain
this diachrony and difference in the migration
velocity. Geographic barriers (high mountain
chains) do not facilitate an easy migration of
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Progonomys. However, high mountain chains
existed in both areas providing similar dif fi-
culties in the migration. The paleoecology is
a significant factor for the dispersal of mam -
mals. Certainly, during Late Miocene the
paleoecological conditions between Central-
Western Europe and Southeastern Europe
were different being drier and more open in
Southeastern Europe (Bonis et al. 1992,
Fortelius et al. this volume). The more closed
and humid paleoenvironments of Central-
Western Europe could have favoured the
development of Progonomys and allowed its
rapid expansion into this area. A third hypo-
thesis could be that Progonomys either appe-
ared in or migrated into Pakistan where it
remained for a long time until it was adapted
to the local conditions, diversified and then
dispersed westwards.

Parapodemus event
Few Greek and Turkish Turolian localities
include Parapodemus. The genus has proba-
bly migrated into the Balkans from the north
because it is known from Vallesian localities
of Central Europe (Fig. 3). Parapodemus is
traced in the locality of Suchomasty (Czech
Republic) and Kohfidisch (Austria) both
dated to the latest Vallesian (Mein 1990,
Fejfar & Heinrich 1990, de Bruijn et al.
1992). In Western Europe (Spain),
Parapodemus appeared at the beginning of
the Turolian (de Bruijn et al. 1992, van Dam
1997).

The Parapodemus bearing localities of the
Eastern Mediterranean (Fig. 3) are all dated
to Middle Turolian (MN11-12). Its FLA is
recorded in the localities of Cumali and
Mahmutgazi (Turkey) correlated to the upper
part of the Early Turolian (MN11, de Bruijn
et al. 1992, Ünay et al. this volume). Other

Figure 2  Geographic distribution of Progonomys during late Miocene in the Eastern Mediterranean.
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localities such as Cobanpinar (Turkey),
Chomateres (Greece), Vathylakkos (Greece)
and Rema Marmara (Greece) are all correla -
ted to Middle Turolian, MN12 (de Bruijn et
al. 1992, de Bruijn 1989, Bonis & Koufos
1999). Magnetostratigraphic data from the
Vathylakkos section suggest an age of 7.5 Ma
for the corresponding fauna (Sen et al. 2000).
This record of Parapodemus suggests that it
is indicative for the Middle Turolian in the
Eastern Mediterranean. After the Middle
Turolian it disappeared but survived in
Central Europe up to the Early
Villafranchian, MN16 (Fig. 3).

Other rodents
The genus Byzantinia is quite common in the
Eastern Mediterranean. Its FLA is traced in
the localities of Chrysavgi (Greece), Bayrak-
tepe 1 and Yeni Eskihisar (Turkey) all corre-
lated to the uppermost Astaracian (NOW

2000). Byzantinia is present during the
Vallesian and Turolian, making its LLA in the
locality of Amasya (Sen pers. comm. 2001)
dated at the end of the Turolian.

Occitanomys is also an important rodent
that is well known in Greece. Its FLA is
recorded in Karaözü (Turkey), assigned to the
earliest part of Late Vallesian (Ünay et al.
this volume), while it is also present in
Pliocene localities.

Apodemus appeared at the end of the Early
Turolian (MN11) in the locality of Cumali,
Turkey (Ünay et al. this volume) and is still
represented in the Eastern Mediterranean by
two species. The FLA of Micromys is recog-
nized in the Greek localities of Rema
Marmara correlated to the end of the Middle
Turolian (de Bruijn et al. 1992) while it 
existed in the area until the Villafranchian
(MN16) in the Greek locality of Limni-1
(NOW 2000).

Figure 3  Geographic distribution of Parapodemus during late Miocene in the Eastern Mediterranean.
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PRIMA TES 

During the Late Miocene several primates,
cercopithecids and hominids have been
recognized in the Eastern Mediterranean. 

Mesopithecus event
The cercopithecid Mesopithecus is quite com-
mon in the Balkans, absent in Turkey and
eastern Black sea, but present in Maragha
(Iran) and Molayan (Afghanistan) (Fig. 4).
Concerning its first appearance in Europe
there are two Vallesian localities, but their
age is doubtful. From the first locality,
Wissberg (Germany), one isolated tooth is
considered to belong to Mesopithecus
(Delson 1973). However, its age is doubtful,
as some workers believe that there is a mixtu -
re of the material from the ‘ Dinotherium-
Sands’ localities with younger faunal ele-

ments and this tooth may belong to one of
them (Andrews et al. 1996). The second
Vallesian locality with Mesopithecus is
Grossulovo, Ukraine (NOW 2000). The
accompanying fauna has more Turolian than
Vallesian characters. In recent lists about the
geographic distribution of Mesopithecus in
Europe, Grossulovo is not mentioned
(Andrews et al. 1996, Köhler et al. 1999).

Delson (pers. comm. 2001) referred to me
that "Maschenko (1989) does not list any pri -
mate fossils from the Miocene of Grossulovo,
but from a Pliocene level (?) (also termed
Novopetrovka) there may be a few teeth eit -
her of macaque or Mesopithecus". Delson has
not seen these teeth, but in the collection of
the Zoological Institute of Kiev he has seen
from this site, some other specimens attribu -
ted to Dolichopithecus. Krakhmalnaya (pers.
comm. 2001) referred to me that "the

Figure 4  Geographic distribution of Mesopithecus during late Miocene in Eastern Mediterranean.
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Grossulovo material is stored in Moscow, and
Belayeva (1948) dated this to upper
Sarmatian (=EarlyTurolian), while she men-
tioned Mesopithecus in her list; later on
Pevzner & Vangenheim (1984) attributed
Grossulovo to the Late Vallesian (MN10)".
This information shows that the Vallesian
occurrence of Mesopithecus in Europe is
questionable and not well documented. 

The FLA of the genus in the Eastern
Mediterranean is traced in the locality of
‘Ravin des Zouaves 5’, Macedonia, Greece,
dated to the lowermost part of the Early
Turolian (MN11), at about 8.2 Ma (Bonis &
Koufos 1999, Sen et al. 2000). The cercopit-
hecids are absent in Asia Minor and eastern
Greece (e.g. Samos). Asia Minor was the
most continental part of the area between the
Balkans and India and perhaps more drier,
thus preventing Mesopithecus to live there. In
fact, Mesopithecus was present in the two
extremes of the Greco-Iranian province
(Bonis et al. 1992) near the big mountain
chains of the Alps and Himalayans, where the
environment was probably less dry. 

Mesopithecus lived in the Eastern
Mediterranean during the whole Turolian,
many remains occur in all known localities,
especially in Pikermi. Its LLA is recorded in
the locality of Malusteni, Romania, which is
dated to Late Ruscinian (MN15, Mein 1990,
NOW 2000).

Hominoids
The hominoids of the Eastern Mediterranean
are known from several localities and under
various names. They are known from the
Middle Miocene Turkish localities of Pasalar
(MN5-6) and Çandir (MN6), as well as from
the Vallesian of Greece and Turkey under
various taxonomic names. During the Late
Miocene, two hominoids are known in the
Eastern Mediterranean. The genus
Ankarapithecus found in the Sinap Locality
8A and Locality 12 dated at 9.886 Ma and
9.590 Ma respectively (Kappelman et al.
2003). In Greece the hominoid primate
Ouranopithecus is well known from the loca-

lities Xirochori 1, Ravin de la Pluie and
Nikiti-1, which are dated to Late Vallesian
(Koufos 2000b, Bonis & Koufos 1999).
Another hominoid mandible under the name
Graecopithecus is known from the locality of
Pyrgos Vassilissis, near Athens with question-
able age and morphology. The available data
suggest that the Late Miocene hominoids fol -
low Progonomys and they were replaced in
the Turolian by Mesopithecus. It is possible
that the extinction of hominoids at the end of
Vallesian might be enhanced by the change of
the relatively humid and closed environments
of the Vallesian, to rather open and dry condi -
tions of the Turolian. The latter paleoenviron-
mental conditions favoured the development
of the cercopithecids. 

CARNIV ORES

Dinocr ocuta event
The large hyaenid Dinocrocuta is known
from several localities in the Eastern
Mediterranean. Its FLA is reported from
Sinap Locality 108 dated at 10.135 Ma
(Lunkka et al. 1999, Kappelman et al. 2003).
It is also known from Sinap Locality 12 and
Kayadibi (Turkey) dated to Vallesian and
lowermost Turolian, respectively (de Bruijn
et al. 1992, NOW 2000). In Kayadibi the
LLA of Dinocrocuta occurs. In Greece it is
known from the locality of Pentalophos tenta -
tively correlated to the lower part of the Late
Vallesian (Koufos 1995). Recently,
Dinocrocuta was found in two Bulgarian
localities, Nessebr and Blagoevgrad, both
dated to Vallesian (Spassov & Koufos 2002).
The above-mentioned data indicate that
Dinocrocuta is characteristic for the Vallesian
of the Eastern Mediterranean.

Adcr ocuta event
The hyaenid Adrocuta and the “ictitheres” are
the most common carnivores in the Late
Miocene localities. The Vallesian occurrence
of Adcrocuta is traced in several localities,
some of which with questionable age. In
Turkey, the Karain fauna includes Adcrocuta



(Fig. 5) together with Felis attica (NOW
2000). However, its poor fauna is not reliable
to correlate this locality to Vallesian as pre-
viously suggested. In Greece three localities
of the lower Axios valley, near Thessaloniki
yielded Vallesian Adcrocuta (Koufos 2000b,
Bonis & Koufos 1999). In the locality of
Xirochrori 1 (Greece) dated to 9.6 Ma (Sen et
al. 2000) the FLA of Adcrocuta appears. The
other localities Ravin de la Pluie and Ravin
des Zouaves 1 are slightly younger and their
age is estimated at 9.3 Ma (Sen et al. 2000).
According to Sen (1997), the Early/Late
Vallesian boundary is estimated at 9.64 Ma.
The age of Xirochori 1 is very close to the
beginning of Late Vallesian (MN10).
During the Turolian Adcrocuta was common
in the whole area (Fig. 5). It is very frequent
in the Middle Turolian (MN12) but rather
scarce in the Late Turolian and disappeared at
the end of the Miocene. The LLA of

Adcrocuta is known from the locality of
Amasya in Turkey, dated to the uppermost
Turolian (Sen & Leduc 1996). Its last occur -
rence is apparently contemporaneous in the
Eastern Mediterranean and Western Europe.
This disappearance is probably due to clima -
tic changes observed at the beginning of the
Pliocene, as well as to the reduction of the
Turolian preys. Adcrocuta is an Asian immi-
grant appearing in the Eastern Mediterranean
area at the beginning of the Late Vallesian
(ca. 9.6 Ma) and remained in the area until
the end of the Miocene. However, it is worth
mentioning that the acme of the genus lies in
the Middle Turolian.

Chasmapor thetes event
Another interesting Late Miocene carnivore
is the hunting hyaena Chasmaporthetes. Its
FLA is from the locality of Ravin des
Zouaves 5, dated to the earliest Turolian at
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Figure 5  Geographic distribution of Adcrocuta during late Miocene in the Eastern Mediterranean.
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about 8.2 Ma (Koufos 1987,1999, 2000b;
Bonis & Koufos 1994; Sen et al. 2000). The
genus is also referred from the Late Turolian
(Dytiko, Maramena), Ruscinian (Çalta) and
Villafranchian (Dafnero, Gülyazi), (Koufos
1993, 2000b; Schmidt-Kittler et al. 1995;
Ginsburg 1998; Sickenberg & Tobien 1971).

PROBOSCIDEANS

Choer olophodon event
The Late Miocene proboscideans are repre-
sented by few genera among which
Choerolophodon is very common. The spe-
cies C. palaeindicus is known from the Bugti
Beds (Pakistan) correlated to the Middle
Aragonian (MN2) at about 20.0 Ma (Tassy
1990). Barry et al. (1985) correlated the
Bugti fauna to the end of MN3 dated at ~18.3
Ma. Recent data from the Bugti Hills put the
presence of Choerolophodon in the Late
Early Miocene, dated to 17.0-16.0 Ma
(Welcomme et al. 2001). Choerolophodon
kisumuensis, is known from the African loca-
lity of Buluk which is older than 17.2 Ma
(Tassy 1990). Tassy (1983) suggested a possi-
ble Southern Asian migration to Africa, circa
16.0 Ma, which brought Choerolophodon to
Africa. The new data from Buluk allowed
him to doubt this hypothesis (Tassy 1990).
The new data from the Bugti Hills suggest a
younger age about the presence of
Choerolophodon in Asia and a possible
African origin for this. It possibly arrived in
Asia during the Proboscidean-datum Event at
~18 Ma with other proboscideans (Gompho-
therium, Prodeinotherium) (Rögl 1999,
Koufos et al. 2003).

The FLA of Choerolophodon in the Eastern
Mediterranean is recognized in the locality of
Thymiana, Chios Island, Greece. The locality
is correlated to Middle Aragonian, MN5
(Bonis & Koufos 1999). Recent paleomagne-
tic data from Thymiana section indicate that
the fossiliferous levels can be dated at 15.5
Ma (Bonis et al. 1998). During the Vallesian
and Turolian, Choerolophodon is quite com-
mon in the Eastern Mediterranean (Fig. 6). Its

LLA is known from the locality of Maramena
(Schmidt-Kittler et al. 1995). The genus
Choerolophodon is unknown from Central
and Western Europe. Its northern limit lies to
the southern part of the Balkans and
Moldavia (Fig. 6). The two regions show dif-
ferent paleoenvironmental conditions during
the Late Miocene (see also Fortelius, this
volume).

SUIDS

Micr ostonyx event
The common suid of the Late Miocene is
Microstonyx, very well known in the Eastern
Mediterranean (Fig. 7) and Europe.
Microstonyx has been also recognized in
Maragha, Iran and Molayan, Afganistan
(NOW 2000). If we accept the synonymy of
the genus with Hippopotamodon, as was pro-
posed by Pickford (1988) and Van der Made
(1990), its geographic distribution is exten-
ded to the Himalayans. Microstonyx appeared
in the Eastern Mediterranean during the
Vallesian. It is recorded from several locali -
ties, Nikiti-1 (Greece), Corak Yerler, Çevril,
Gülpınar and Sinap (Turkey) (NOW 2000).
Concerning the FLA of Microstonyx the avai-
lable data are not clear. Microstonyx is known
in the Corak Yerler fauna, which is dated to
Late Vallesian (de Bruijn et al. 1992, NOW
2000). However, the age of Corak Yerler is
questionable. The known material comes
from an old collection from two dif ferent
horizons and the mixture of the material does
not allow a definite age determination.
Possibly a Late Astaracian or Early Vallesian
fauna and another fauna of Late Vallesian or
Early Turolian age are mixed (Sen et al.
1998). Examination of some new material
from Corak Yerler indicates that Listriodon is
absent, while nothing suggests, neither in the
field nor in the new collections that there are
two levels (Geraads pers. comm. 2001).
Therefore, we cannot assign a definite age to
the Corak Yerler locality. The FLA of
Microstonyx in the Eastern Mediterranean
must be that of the locality of Nikiti-1 dated



to the uppermost Vallesian or <9.3 Ma
(Koufos 2000c). 

In Turkey Microstonyx is also found in the
Sinap Locality 49 dated by magnetostratigra-
phy at 9.130 Ma (Lunkka et al. 1999,
Kappelman et al. 2003), in Gülpinar dated to
the lower part of Turolian, and in Çevril with
questionable age, as Microstonyx is the sole
faunal element. During the Turolian
Microstonyx is quite common in all biozones
and present in many localities (Pikermi,
Samos, Prochoma, Vathylakkos, Ravin des
Zouaves 5, Hadjidimovo, Kalimanci,
Kayadibi, Mahmutgazi). Its LLA is reported
from Dytiko localities (Greece), which are
dated to the upper part of Late Turolian
(MN13, Bonis & Koufos 1999).

Microstonyx appeared in the Eastern
Mediterranean at the end of the Vallesian,
while its last occurrence coincides with the

end of the Miocene. In Western Europe
(Spain, France) the first record of   
Microstonyx is known from the Late
Vallesian localities of Terrassa, Masia del
Barbo (Morales et al. 1999), Montredon
(Ginsburg 1988), Gravitelli (Rook et al.
1999) and it persisted until the end of the
Middle Turolian (Van der Made et al. 1992).

GIRAFFIDS

Several giraffid genera and species are known
from the Late Miocene. The giraffids have an
African origin and they migrated into Eurasia
through the Levant. The first giraffids,
Georgiomeryx, arrived in the Eastern
Mediterranean during the Middle Aragonian
at Chios Island (Bonis et al. 1997). Later on,
several genera arrived in the Eastern
Mediterranean through the same passage but
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Figure 6  Geographic distribution of Choerolophodon during late Miocene in the Eastern Mediterranean.
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most of them did not migrate to Central or
Western Europe. Probably the environmental
differences between these regions (Fortelius,
this volume) did not favour the dispersion of
these giraffids. On the other hand, some high
mountains (Alps) may constitute important
climatic and topographic barriers for the dis -
persion of these large animals. 

Palaeotr agus event
Another interesting event during Late
Miocene in the Eastern Mediterranean is the
arrival of Palaeotragus. The genus is known
from the Middle Miocene of Africa
(Morocco, Tunisia), Asia (China) and Europe
(Spain) (NOW 2000). Until now, it is un-
known from this period in the Eastern
Mediterranean. The Middle Miocene mam-
malian localities of the Eastern Mediter-
ranean are scarce with poor faunas and may
be this is the reason of the absence of

Palaeotragus. The available data (Fig. 8)
indicate that Palaeotragus FLA is in the
Sinap Locality 4 dated at 10.692 Ma (Lunkka
et al. 1992, Kappelman et al. 2003). The FLA
of Palaeotragus seems to coincide with that
of Hipparion in the area. During the Turolian
Palaeotragus was a common element in
Eastern Mediterranean faunas. The LLA of
the genus (Fig. 8) is reported from the locali -
ties of Dytiko (Macedonia, Greece) dated to
the upper part of Late Turolian, MN13 (Bonis
& Koufos 1999).

Bohlinia event
Bohlinia is a quite common giraffid in the
Late Miocene faunas of Eastern
Mediterranean (Fig. 9). Its arrival in the
Eastern Mediterranean is reported from the
Vallesian localities No 51, 49, 34 of the Sinap
area in Turkey (Lunkka et al. 1999), as well
as from the Greek localities of Ravin de la

Figure 7  Geographic distribution of Microstonyx during late Miocene in the Eastern Mediterranean.



Pluie and Nikiti-1 (Bonis & Koufos 1999).
Ravin de la Pluie is the oldest Bohlinia
bearing locality with an age of about 9.3 Ma
(Sen et al. 2000) indicating the early part of
the Late Vallesian, (MN10). The Nikiti-1
fauna is younger, expressing the end of
MN10 in the area. The Sinap localities are
younger and are dated from 9.288–8.440 Ma
(Kappelman et al. in press). Bohlinia is pre-
sent during the whole Turolian (Fig. 9) and
its LLA is reported from Dytiko localities
correlated to the upper part of MN13 (Bonis
& Koufos 1999). 

Samotherium-Helladotherium event
Two large-sized giraffids are also known
from the Late Miocene of the Eastern
Mediterranean: Samotherium and Hellado-
therium. Samotherium was originally found
in Samos, but later also reported from Asia
Minor, Georgia, Iran, Ukraine and continental

Greece. Its FLA is known from the locality of
Gülpınar, Turkey, which is placed in the
Early Turolian (Sen pers. comm. 2001).
Samotherium is present during the whole
Turolian (Fig. 10) of the Eastern Mediter -
ranean with its LLA in the Greek locality of
Maramena, which is correlated to the
Miocene/Pliocene boundary (MN13/14,
Schmidt-Kittler et al. 1995). 

Helladotherium is also quite common in
Late Miocene of the area (Fig. 11). Its FLA is
recorded in the locality of Nikiti-1. The faun-
al assemblage of Nikiti-1 is considered to be
latest Vallesian, probably younger than 9.3
Ma (Koufos 2000c). Helladotherium is quite
common in the Turolian (Fig. 11) and its
LLA is in the locality of Ano Metochi assig-
ned to the later part of the Late Turolian
(MN13). Both Samotherium and Hellado-
therium persisted in the Eastern Mediter-
ranean during the whole Turolian, but they
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Figure 8  Geographic distribution of Palaeotragus during late Miocene in the Eastern Mediterranean.
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are unknown in Central and Western Europe.
Samotherium expanded to the north to Kiev,
Ukraine (Belka, Novo Elisavetovka, NOW
2000), while Helladotherium arrived to
Budapest (Hatvan, Polgardi, NOW 2000)
(Figs 10,11). As it was referred to above, the
different paleoecological conditions between
Western-Central and Southeastern Europe
works as a barrier restricting the migration of
several taxa into Western-Central Europe.

BOVIDS

Tragopor tax event
Tragoportax is quite common in the Late
Miocene localities of the Circum-Mediter-
ranean region (Fig. 12). Its FLA in the
Eastern Mediterranean is recorded in the
Sinap Locality 108 (Lunkka et al. 1999). The
magnetostratigraphy of the Sinap section sug-
gests an age of 10.135 Ma for Locality 108,

which corresponds to the upper part of the
Early Vallesian (MN9, Kappelman et al. in
press). In Turkey Tragoportax is also known
from the Early Turolian locality of Çorak
Yerler (see details about its age in Micro-
stonyx) and Gülpınar. In Greece it is traced in
the locality of Nikiti-1, which is correlated to
the uppermost Vallesian (Koufos 2000c). In
the Ukraine two Vallesian localities are
known which include Tragoportax: Varnitsa
and Pokshesty, dated to Early and Late
Vallesian, respectively (Mein 1990, NOW
2000). A reconsideration of the magnetostra-
tigraphy of these localities suggests that
Varnitsa is correlated to the base of Chron
C4A (~9.5 Ma) and Pokshesty to Chron
C4An corresponding to an age between 8.7-
9.0 Ma (Sen 1997).

In Central Europe Tragoportax occurs in
the locality of Vösendorf (Austria), dated to
the Early Vallesian (de Bruijn et al. 1992).

Figure 9  Geographic distribution of Bohlinia during late Miocene in the Eastern Mediterranean.



The magnetostratigraphic data and their cor -
relation suggest an age of about 10.3 Ma for
the fauna (Steininger et al. 1996). This esti-
mation is near the age calculated for the FLA
of Tragoportax in the Eastern Mediterranean.
Tragoportax is an eastern immigrant, which
arrived in Europe in the middle of the Early
Vallesian. Its distribution must have been
quite rapid, since this bovid runs fast and it
travels long distances in order to find food. 

In Spain, it is known from the Late Valle-
sian localities of Villadecavalls and La Roma.
Magnetostratigraphic data indicates an age of
about 9.6 Ma for Villadecavalls (Agustí et al.
1996, Morales et al. 1999). Thus, there is a
delay of about 0.5 Ma in the distribution of
Tragoportax from the Eastern to the Western
Mediterranean. After its arrival, Tragoportax
evolved and diversified during the Turolian
(Fig. 12), but disappeared at the end of this
period. Its LLA is traced in the localities of

Dytiko, dated to the upper part of the Late
Turolian MN13 (Bonis & Koufos 1999).

Gazella event
The gazelles are very common in the
Neogene/Quaternary mammal localities with
several species (Fig. 13). During Late
Miocene Gazella arrived in the Eastern
Mediterranean possibly from Asia and then
dispersed into Europe and Africa. The FLA of
Gazella is recorded in the Sinap Locality 72
dated at 10.080 Ma (Lunkka et al. 1999,
Kappelman et al. in press). Gazella is also
known from the locality of Nikiti-1 (Greece)
correlated to the uppermost Vallesian (<9.3
Ma, Koufos 2000c). During the Turolian
Gazella is frequently present in all mamma-
lian localities of the Eastern Mediterranean.
Gazella continues to exist during Pliocene
and Pleistocene. Unfortunately, the late
Miocene gazelles are not well studied and are
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Figure 10  Geographic distribution of Samotherium during late Miocene in the Eastern Mediterranean.
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referred as Gazella sp. in most localities.
In Spain, Gazella makes its FLA in the locali-
ty of Villadecavalls (dated at the beginning of
the Late Vallesian MN10, Morales et al.
1999). Agustí et al. (1996) suggest for Villa-
decavalls an age of about 9.6 Ma. Therefore,
there is a short diachrony of ~ 0.5 Ma in the
dispersion of Gazella between the Eastern
and Western Mediterranean.

Pr ostr epsicer os event
In the Eastern Mediterranean Prostrepsiceros
is common (Fig. 14) and appears at the upper
part of the Early Vallesian (MN9). Its FLA is
recognized in the Sinap Locality 91 (Turkey)
dated at 9.977 Ma (Lunkka et al. 1999, Kappel-
man et al. 2003). Prostrepsiceros is also
known from the locality of Çorak Yerler (Tur-
key), with an uncertain age assignment (see in
Microstonyx), as well as from the Late Valle-
sian localities of Ravin de la Pluie and Nikiti-

1 (Greece). The age of Ravin de la Pluie fauna
is estimated at 9.3 Ma (Sen et al. 2000), while
Nikiti-1 is slightly younger. During the Turo-
lian Prostrepsiceros is quite common in the
area, but it remains in the Balkans and eviden -
ce for migrations towards the west are lacking.
To the north, it reaches the southern coast of
Ukraine as it is found in the locality of Grebe-
niki. It seems that Prostrepsiceros existed
during the whole Turolian. Its LLA is recorded
in the locality of Ano Metochi (Greece), dated
to the upper part of Late Turolian (MN13). It
is also known from Titov Veles (FYROM),
which is correlated to MN12-13 (NOW 2000).
However, the precise age of the Titov Veles
fauna or faunas are uncertain. During the
Pliocene Prostrepsiceros disappeared, but at
the end of the Pliocene Parastrepsiceros (a
form similar to Prostrep-siceros) appeared in
the locality of Gerakarou, Greece (Kostopoulos
1998), as well as in Georgia (Vekua 1970).

Figure 11  Geographic distribution of Helladotherium during late Miocene in the Eastern Mediterranean.



Nisidor cas event
Nisidorcas was originally described as
Antelope cercicapra or (cf. Antelope) plani-
cornis from Perim Island (India) and from a
level corresponding to Dhok Pathan, India
(Bouvrain 1979). New material from the
Axios valley (Macedonia, Greece) allowed
the erection of the new genus Nisidorcas
(Bouvrain 1979). Nisidorcas, also known
from the locality of Kayadibi (Turkey), is
described as Antilospira incarinatus (Tekkaya
1969), and recently it was recognized in the
material of Titov Veles (Fig. 15).

The temporal expansion of Nisidorcas is
not well known. Its FLA is recorded in the
localities of Nikiti-2 (Greece) and Kayadibi
(Turkey), which are correlated to the lower -
most Turolian (Bonis & Koufos 1999, Mein
1990, de Bruijn et al. 1992). In Kayadibi the
fossiliferous level is between two ignimbrites
dated at 9.4±0.2 Ma for the lower level and

7.95±0.25 Ma for the upper one (Steininger
et al. 1996). In Greece, the genus is known
from five localities of the Axios valley. The
locality of Ravin des Zouaves 5 includes a
rich collection of Nisidorcas and is dated to
the lower part of the Early Turolian, MN11 or
at 8.2 Ma; Bonis & Koufos 1999, Sen et al.
2000). Nisidorcas was also found in the three
localities of Vathylakkos and in Prochoma,
which are younger than the above ones and
dated to the beginning of Middle Turolian
(MN12, Bonis & Koufos 1999). The magne-
tostratigraphy of the Vathylakkos 2 section
indicates an age of about 7.5 Ma for its fauna
(Sen et al. 2000). Nisidorcas was also recog-
nized in the old material of Titov Veles
(Bouvrain 1979) dated to Middle-Late
Turolian (NOW 2000). Its LLA is traced in
the localities of Vathylakkos and Prochoma
(Greece) both dated at about 7.5 Ma (Sen et
al. 2000). Unfortunately, the old material of
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Figure 12  Geographic distribution of Tragoportax during late Miocene in the Eastern Mediterranean.
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Nisidorcas from India cannot allow a definite
dating. However, its arrival in the Eastern
Mediterranean marks the beginning of the
Turolian.

CONCLUSIONS

As it was mentioned above, several mamma -
lian taxa have arrived in the Eastern
Mediterranean during the Late Miocene.
Some of the most important and common
were discussed, but of course, more taxa
make their FLA in the area. Moreover, the
available data increase as research in the area
is continuing. During the meeting in Utrecht
(in 2001), several new data have been provi -
ded by colleagues about the mammalian taxa
and localities in the Eastern Mediterranean.
The stratigraphic distribution of the above
studied taxa in Eastern Mediterranean is
given in Appendix 2, while some well-dated

FLA’s are given in Appendix 3. The white
arrows indicate a magnetostratigraphic cali-
bration of the age. The magnetostratigraphy
of the Sinap Tepe is quite important as it
includes the whole Vallesian of the area
(Kappelman et al. 2003). For the Turolian,
the known data come from the Greek locali -
ties of Axios valley and Samos and from the
Turkish locality of Kemiklitepe (Sen et al.
1994, 2000). The Samos section is quite thick
and the available data quite good (Kostopoulos
et al. 2003). The age of the other localities is
biochronologically calculated, based mainly
on their faunal content.

Vallesia n
The Astaracian/Vallesian boundary is defined
by the Hipparion-datum. However, as men-
tioned above, there are some different opi-
nions about this. In Spain and central Europe,
the boundary is considered to be at 11.1-11.2

Figure 13  Geographic distribution of Gazella during late Miocene in the Eastern Mediterranean.



Ma (Garces et al. 1997, Steininger et al.
1996). On the other hand, in the Eastern
Mediterranean the FLA of Hipparion is dated
at 10.7 Ma in the Sinap Locality 4, defining
the Astaracian/Vallesian boundary (Kappel-
man et al. in press, Sen 1997). In the
Siwaliks the Hipparion-datum has been esti-
mated at ~10.7 Ma (Pilbeam et al. 1996). In
Central Europe, the Hipparion-datum is
known from Gaiselberg (Austria) with an
estimated age older than 11.0 Ma and from
Höwenegg (Germany), which is slightly older
than 10.3 Ma (Bernor et al. 1996). In Eastern
Europe, Hipparion and Anchitherium occur in
the locality of Zheltokamenka, Ukraine
(Gabunia 1981). After the reconsideration of
the palaeomagnetic data from this locality,
the normal polarities obtained for these depo -
sits can be correlated with Chron C5n and an
age about 10.5 Ma is possible for Zhelto-

kamenka (Sen 1997). In any case, a new
study of the magnetostratigraphy is necessary
to provide definite ages. Thus, the entry of
Hipparion and the Astaracian/Vallesian boun-
dary must be at 10.7 Ma in the Eastern
Mediterranean.

Together with Hipparion, the giraffid
Palaeotragus arrived in the area. The Early
Vallesian is also characterized by the presen -
ce of Cricetulodon and Byzantinia, but both
occur slightly earlier at the end of the
Astaracian. During the Early Vallesian, sever-
al mammalian taxa arrived in the Eastern
Mediterranean such as Progonomys,
Tragoportax, Gazella, Prostrepsiceros,
Dinocrocuta and the hominoid Ankara-
pithecus.

The Early/Late Vallesian boundary in Spain
has been dated at 9.6 Ma (Sen 1997). In the
Eastern Mediterranean, the Greek localities
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Figure 14  Geographic distribution of Prostrepsiceros during late Miocene in the Eastern Mediterranean.
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Figure 15  Geographic distribution of Nisidorcas during late Miocene in the Eastern Mediterranean.

of Kastellios and Xirochori 1 are of similar
age. The FLA of Adcrocuta and Ourano-
pithecus characterize this boundary. Late
Vallesian includes the FLA of Occitanomys,
Bohlinia, Helladotherium and the LLA of the
hominoids Ouranopithecus and
Ankarapithecus.

Turolia n
The Vallesian/Turolian boundary can be defi-
ned by the FLA of the suid Microstonyx and
the bovid Nisidorcas. Another important
taxon indicating a Turolian age is
Mesopithecus, which replaced the large
Vallesian hominoid primates. At the same
time, the giant hyaenid Dinocrocuta disappe-
ared. During the Early Turolian the giraffid
Samotherium and the hunting hyaena
Chasmapothetes entered in the Eastern
Mediterranean, while Progonomys disappe-

ared at the end of this period.
The beginning of Middle Turolian coinci-

des with the FLA of Parapodemus, which is
characteristic for this time period. Moreover,
the taxa Apodemus, Pliocervus and
Macrotherium arrived at the same time.
Nisidorcas disappeared and until now, there
is no evidence for its presence in younger
levels.

The Late Turolian is a very characteristic
period including an important faunal change
that marks the beginning of the Pliocene. The
FLA of Micromys in the locality of Rema
Marmara (Greece) marks the Middle/Late
Turolian boundary. Unfortunately for the
Middle-Late Turolian the absence of absolute
or paleomagnetic ages makes the division
more difficult. Several mammalian taxa
(Choerolophodon, Adcrocuta, Microstonyx,
Palaeotragus, Bohlinia, Samotherium,



Helladotherium, Tragoportax, Prostrepsi-
ceros) disappeared during the end of the
Turolian. All have been replaced by new taxa
(Rhagapodemus, Mesocricetus, Parabos,
Paracamelus, Korynochoerus) marking the
beginning of the Pliocene. Two Greek faunas
(Maramena, Silata) seem to represent the
Turolian/Ruscinian boundary (Schmidt-
Kittler et al. 1995, Vassiliadou et al. this
volume).

Using the available data, it is possible to
distinguish some biozones during the Late
Miocene (Appendix 3). The boundaries of
these biozones are given by dot-lines, 
meaning that they are not certain (the strati -
graphic distribution of the taxa is often chan -
ged by new data). As it was mentioned in the
introduction, the problems of the Neogene
division in the Eastern Mediterranean are
large and cannot be solved by this article
alone. The main goal of this paper was, after
collecting the available data, to give a preli -
minary division and to point out the main
problems, which must be solved. We shall
continue the collection of the data for the
entire Neogene of the Eastern Mediterranean
in order to know what we have and what we
need.
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APPENDIX 1 Late Miocene mammalian localities of the Easter n Mediterranean including the studied genera.
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APPENDIX 2 Stratigraphic position of the late Miocene mammalian localities of the Easter n Mediterranean with the

stratigraphic didtribution of the studied genera.The corresponding numbers of the mammalian taxa are given in Appendix I.
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APPENDIX 3 Important FLA of various mammalian genera in the Eastern Mediterranean and their significance in the

subdivision of late Miocene.
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