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Abstract—The paper considers the main features of the late Miocene faunas of terrestrial vertebrates and
marine mammals of Southeastern Europe and their general dynamics in connection with landscape and cli-
matic changes. We note that the geographical area corresponding to the modern northwestern and northern
Black Sea region with adjacent territories was a territory of intense diversification during the late Miocene.
The revealed biogeographic significance of the region is associated with the fact that a border between the
forest biome and open and/or semi-open landscapes occurred on this territory in the late Miocene. Acceler-
ated diversification in this transitional (ecotone) zone is supposed to be associated with the fragmentation of
species’ geographical ranges under pronounced spatial differentiation of plant associations and a wide repre-
sentation of mosaic habitats caused by significant climatic f luctuations. We further discuss the general evo-
lutionary potential of peripheral communities, as exemplified by the Hipparion vertebrate faunas of southeast-
ern Europe.
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INTRODUCTION
The late Miocene stage of biotic evolution is one of

the most important ones in the Cenozoic history of
the organic world. This was an age characterized by
global ecosystem change in the low and temperate lat-
itudes of Eurasia where the global trend towards cooler
and more arid climate (Zachos et al., 2001) led to the
widespread expansion of open and semi-open
savanna-like landscapes that in certain time periods
covered an area from the Iberian Peninsula in the west
to Eastern China in the east. The vertebrate associa-
tions that inhabited these landscapes, with members of
the so called Hipparion terrestrial mammal faunas as
their core, also enjoyed a wide distribution in the late
Miocene; it was from these associations that the
younger Pliocene communities developed, which, in
turn, were the predecessors of both the Pleistocene
and some of the modern faunal associations of Africa
and, in part, of the inner parts of Asia (Kaya et al.,
2018).

The general course of the formation of the late
Miocene savanna faunal associations of mammals has
been well documented; its source regions were, on one
hand, the Eastern Mediterranean (Greco-Iranian),
and on the other, the Central Asian (Tungur) faunal
assemblages (Mirzaie Ataabadi et al., 2013). The com-

bination of lineages that for a long time evolved sepa-
rately in these two hotspots of aridity led to the forma-
tion of the relatively integrated Eurasian savanna-like
faunas which in modified form persisted in Eurasia up
to the end of the early Pleistocene. However, the taxo-
nomic composition of the Hipparion faunas was nei-
ther homogeneous in space nor constant in time, but
rather reflected the variability of local landscapes and
climatic environments.

The Eastern Paratethys rim is one of the classical
regions of the distribution of the Hipparion fauna of
the late Miocene. At least four stages in the transfor-
mation of faunal communities have been recognized
here (Korotkevich, 1988; Lungu, 1990). In this con-
text, the transformation of the biota in the peripheral
regions of the savanna biome (such as the Northern
Black Sea Coastland) has been treated exclusively in
terms of the change in the ratio between the autoch-
thonous taxa associated with the more closed forest
habitats and the migrant taxa from the Afro-Asiatic
savanna hotspots, which inhabited open xerophytic
landscapes (Korotkevich, 1988; Lungu, 1990). At the
end of the Miocene (latest Turolian, Pontian/Messin-
ian) the Hipparion communities of Europe were
impacted by the dispersal of North American
migrants, associated with a cooling episode and yet
213
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Fig. 1. The geographical position of the main localities of Late Miocene terrestrial vertebrates discussed in this article. (1) Bujor,
Kalfa; (2) Gritsev; (3) Mikhaylovka-1; (4) Shkodova Gora; (5) Morskaya 2; (6) Gaverdovsky, Fortepyanka 2; (7) Solnechno-
dolsk; (8) Beshpagir.
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greater expansion of open landscapes (Korotkevich,
1988). The increase in the number of immigrant taxa
marks the periods of greater aridity, but the question of
their local evolution is rarely raised.

The recent study of ostrich (Aves: Struthionidae)
paleobiodiversity unexpectedly showed the unique
role of the Northwestern Black Sea Coastland in the
evolutionary history of this group, a characteristic
member of the Hipparion faunas and further belonging
to the core of the savanna associations (Mikhailov and
Zelenkov, 2020). In the Northern Black Sea Coastland
and Eastern Europe in general, ostriches are typical
allochthonous immigrants which first dispersed here
at the same time as the hipparions at the beginning of
the late Miocene (Vallesian) and persisted at least
until the early Pleistocene. The existence of several
ostrich taxa in this region throughout the Miocene–
Pleistocene was usually treated as the result of waves of
dispersal from Anatolian and Central-Asian faunas
(Kurochkin and Lungu, 1970; Mikhailov and Kuroch-
kin, 1988; but see Burchak-Abramovich, 1953). How-
ever, it has been shown that during one of these events
(in the Maeotian), ostrich dispersal was associated
with autochthonous evolution which resulted in the
formation of the phylogenetic lineage that has per-
sisted in the savanna faunas to the present (Mikhailov
and Zelenkov, 2020). First appearing in the fossil
record in the Maeotian of the Northwestern Black Sea
Coastland, ostriches of the modern type then dis-
persed throughout the vast spaces of Asia and Africa,
gradually displacing or replacing the older lineages of
the genus Struthio (Mikhailov and Zelenkov, 2020).

To what extent the pattern of ostrich evolution
reflects the biogeographic significance of Northern
and Western Black Sea Coastlands is a question that
has not previously been addressed. However, this bio-
geographical pattern may well be more general in
character: for instance, it has been shown that the for-
PAL
mation of the common Eastern European Pikermian
fauna of large mammals (Maeotian) was to a large
extent due to the expansion of the autochthonous Bal-
kanic taxa (Kostopoulos, 2009). In this article we
attempt to analyze original and published data on ver-
tebrates in order to show that the modern-day Western
and Northern Black Sea Coastland, as well as South-
western Europe in general, may have been an evolu-
tionary hotspot in the late Miocene. The biogeo-
graphic significance of this region may be associated
with the instability of landscape, climatic, and paleo-
geographic environments of the ecotone area.

In this article we discuss the region of the northern
and northwestern rim of the Eastern Paratethys, which
in general terms corresponds to the modern Northern
Balkans, as well as the modern region of the Northern
and Western Black Sea Coastland (Fig. 1). As the
Eastern Paratethys regressed, this region also came to
include the Northern Caucasus. The region as a whole
corresponds to the northern part of the Eastern Euro-
pean paleoprovince (Lungu, 1990; Tobien, 1967), or
the northern part of the Greco-Iranian paleoprovince
(Fortelius et al., 1996) previously recognized from
mammal faunas. Chronologically, the faunal
sequences of the region are closely related to the stages
in the development of the brackish basins of the East-
ern Paratethys: Sarmatian (Khersonian and Bessara-
bian), Maeotian and Pontian (Fig. 2). The dates for
these marine regional stages, as well as their correla-
tion with Neogene zones and mammal ages which
form the European biochronological scale, remain a
debated issue. We follow the latest revisions of the MN
zone boundaries (Hilgen et al., 2012) and the paleohy-
drological events of the Eastern Paratethys (Palcu,
2018; Palcu et al., 2019). Mammal assemblages of the
Neogene of Eastern Europe and their correlation with
the regional stages of the Eastern Paratethys have been
EONTOLOGICAL JOURNAL  Vol. 56  No. 2  2022
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Fig. 2. Stratigraphic position of the main localities of late Miocene vertebrates discussed in this article.
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synthesized after E.L. Korotkevich (1988) and
V.A. Nesin (2013).

FORMATION OF LATE MIOCENE 
(HIPPARION) FAUNAS OF TERRESTRIAL 

VERTEBRATES OF EURASIA

The most important biochronological event mark-
ing the beginning of the formation of late Miocene
communities of Eurasian terrestrial vertebrates is the
dispersal of American equines Hipparion s.l., with
their oldest European representatives often being
treated within the genus Hippotherium (Woodburne
et al., 1996). The appearance of Hipparion as part of
terrestrial vertebrate assemblages marks the beginning
of the Vallesian age of the late Miocene according to
the biochronology of terrestrial mammals of Europe
or the Bahean age in China (Qui et al., 2013). The
exact time of Hipparion dispersal to Eurasia has long
remained a matter of debate and until recently was
conventionally set at 10.8 Ma (Hilgen et al., 2012),
which is significantly later than the Serravallian-Tor-
tonian boundary (i.e. above the boundary between the
middle and the late Miocene; 11.63 Ma). The oldest
European Hipparion records recognized were the finds
from several localities of Pannonian zone C of the
Vienna Basin of Central Europe (Woodburne et al.,
1996). However, recent research has convincingly
shown that the base of zone C in the Vienna Basin is
dated 11.6 Ma, i.e., it obviously coincides chronologi-
cally with the boundary between the middle and the
PALEONTOLOGICAL JOURNAL  Vol. 56  No. 2  202
late Miocene (e.g., Lirer et al., 2009; Ter Borgh et al.,
2013). The oldest localities with Hipparion fossils from
zone C of the Pannonian Basin (Gaiselberg and
Atzelsdorf), however, are dated as 11.4–11.0 Ma,
which roughly corresponds to the age of the oldest
Hipparion in the more western regions in the Iberian
Peninsula (Bernor et al., 2017). Therefore the appear-
ance and dispersal of Hipparion at the beginning of the
late Miocene can be seen as a relatively synchronous
event in Central and Western Europe.

Since Hipparion is unequivocally recognized as an
American migrant (Bernor et al., 2017, 2021), it seems
important to trace its possible dispersal throughout
Eurasia, but such information is scarce. E.A. Van-
gengeim et al. (2006) dated the first appearance of
Hipparion in Eastern Europe (in the middle Sarmatian
of the Eastern Paratethys of Moldova) to 11.8 Ma,
which formally is equivalent to the upper Serravallian,
i.e. the end of the middle Miocene. This would mean
an earlier appearance of Hipparion in Eastern Europe
compared to the Central Paratethys, which would gen-
erally be in line with the earlier appearance of semi-
open savanna-like habitats in this area (Fortelius et al.,
1996). However, the upper age estimate of the Moldo-
van localities with Hipparion fossils (such as Calfa,
Bujor 1, etc.) was greatly dependent on the lower
boundary of the upper Sarmatian in the Eastern Para-
tethys, which in the cited paper (Vangengeim et al.,
2006) was dated as 9.6 Ma. The lower boundary of the
upper Sarmatian was subsequently estimated as
8.6 Ma, and later as 9.1 Ma (Palcu, 2018). Therefore,
2
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the age of the Moldovan Hipparion from the Bessara-
bian may correspond to the time interval of the late
Bessarabian, for instance, at 10.8 Ma (Vasiliev et al.,
2011) or younger (Sinitsa and Delinschi, 2016). In that
case, the oldest Asian (and, possibly, Eurasian) Hip-
parion would be the ones from the Dongxiang in the
Linxia Basin in China, dated to 11.5 Ma (Fang et al.,
2016; Zhang et al., 2019). Commonly, however, the
age of appearance of Hipparion in China is estimated
at 11.1–10.0 Ma (Wang et al., 2013).

Although the appearance of Hipparion in terrestrial
vertebrate faunas is undoubtedly a marker of import-
ant biotic processes that defined the evolution of ter-
restrial biota throughout the following several million
years, the formation of late Miocene faunas was far
from simultaneous throughout Eurasia. It has been
shown (Fortelius et al., 1996), that forest paleoenvi-
ronments persisted in Central Europe for a long time
(at least until the end of the Messinian), so that it can
be treated as a distinct paleobiogeographic province.
At the beginning of the late Miocene, forest environ-
ments persisted in other Eurasian regions as well, such
as the Iberian Peninsula or the modern-day North-
western Black Sea Coastland (Moldova). However,
although already in the earliest Tortonian Hipparion
had colonized these forest environments as well, their
appearance at first did not cause any significant trans-
formations in community structure. For instance,
early Vallesian faunas of the Iberian Peninsula and the
oldest middle Sarmatian Hipparion faunas of Moldova
(the Calfan faunal assemblage) still preserve an
entirely middle Miocene appearance (Agustí et al.,
2001; Lungu, 1984). The situation may have been dif-
ferent at the southern boundary of the Paleo-Palearc-
tic paleogeographic province in southern China in the
context of the actively rising Tibetan Plateau. During
the earliest late Miocene, Hipparion and Anchiterium
(middle Miocene) faunas coexisted during the time
period of 11.6–11.1 Ma in the Linxia Basin but were
compartmentalized into different topographic areas
due to complex terrain (Zhang et al., 2019).

The subsynchronous appearance of Hipparion in
the vast spaces of the temperate and southern latitudes
of Eurasia (approximately 11.5–11.1 Ma) is likely asso-
ciated with paleogeographic change around the mid-
dle–late Miocene boundary. The wide dispersal of
Hipparion as, originally, inhabitants of semi-open for-
est-steppe habitats in the temperate and partly south-
ern regions of Eurasia (except the Oriental province),
as well as Africa, has been possible due to the forma-
tion of a vast arid belt in this region already at the end
of the middle Miocene (Flower and Kenneth, 1994),
which must have promoted the expansion of open or
semi-open habitats. The global trend towards aridiza-
tion in Eurasia has been a characteristic feature of late
Miocene paleoenvironments in particular (Fortelius
et al., 2006), so that the dispersal of Hipparion into
Eurasia at the late Miocene boundary and its subse-
quent late Miocene radiation and the obvious evolu-
PAL
tionary success of this group can be considered one of
the markers of this particular interval of the Cenozoic.

An important biochronological boundary at the
end of the late Miocene that partly completes the for-
mation of the general aspect of Hipparion faunas of
large mammals is the immigration of the Paracamelus
camels (Camelidae) and the Eucyon canids from
North America into Eurasia across the Beringian land
bridge. Members of these genera quickly spread
throughout Eurasia, occupying savanna-like land-
scapes: their fossils are known from the Messinian
(MN 13) of Spain and Italy (Caballero et al., 2021;
Colombero et al., 2017; Sotnikova and Rook, 2010).
Independent evolution of Camelidae in Eurasia
started by the Messinian, and only in Pliocene did the
descendants of the Miocene Eurasian camels, simi-
larly to the ancestors of the modern ostriches (see
above), reach Africa (Titov and Logvinenko, 2006).
Camel fossils are known in the Northern Black Sea
Coastland and in Crimea from several localities of the
Tauric faunal assemblage which are associated with lower
Pontian deposits: Odessa, Sinyavskaya, Novocherkassk,
and the Mamay mines (Mamayskie kamenolomni).
The migration routes of these animals from Asia to
Southern Europe likely passed along the northern
coast of the Pontian Sea (Titov and Logvinenko,
2006). Eucyon fossils in the region under consider-
ation are known only from the beginning of the early
Pliocene (Sotnikova and Rook, 2010), but it should be
noted that late Turolian large mammal faunas from
Eastern Europe remain incompletely studied (Korot-
kevich, 1988; Kovalchuk et al., 2017).

UNIQUENESS AND EVOLUTIONARY 
POTENTIAL OF TERRESTRIAL FAUNAS 

OF SOUTHWESTERN EUROPE

Vallesian. A vivid example of evolutionary signifi-
cance of the discussed region is provided by the hippa-
rions themselves. Hippotherium, which in Vallesian
inhabited regions of the Eastern and Central Para-
tethys, is believed to be a descendant of the genus Cor-
mohipparion, derived from the middle Miocene of
North America and preserved in practically unmodi-
fied form in the Vallesian of the arid belt of the south-
ern Palearctic (in particular, in Anatolia and Northern
India; Bernor et al., 2021). In the more forested envi-
ronments of Europe, the autochthonous differentia-
tion of hipparions occurred at the end of the middle
Sarmatian of Moldova and southern Ukraine, which is
believed to be linked with landscape change and grad-
ual expansion of the more open biotopes in this region
(Lungu, 1984). Differentiated hipparions are known
already from the middle Sarmatian faunas of Bujor 2,
Gritsev and Sebastopol (Vangengeim et al., 2006). In
addition to hipparions, autochthonous evolution at
the end of the middle, and especially the late Sarmatian
in the discussed region was recorded for several other
mammal groups (including hornless rhinoceroses
EONTOLOGICAL JOURNAL  Vol. 56  No. 2  2022
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Fig. 3. Taxa of amphibians, reptiles and birds, for which the earliest appearance in the paleontological record is associated with
the late Miocene of Eastern Europe (including endemics).
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Aceratherium and Chilotherium; Korotkevich, 1988;
Lungu, 1984, 1990). In the more western parts of
Europe, differentiation of hipparions did not occur,
since conservative humid forest habitats were pre-
served there (Lungu, 1984).

Autochthonous evolution in several phylogenetic
lineages and the transformation of landscapes and
ecological conditions produced faunal assemblages with-
out analogues elsewhere. The Vallesian small mammal
assemblage of the Gritsev locality (zone MN 9) in west-
ern Ukraine is of special interest. It is characterized by
a predominance of archaic middle Miocene taxa,
where insectivores dominate but the typical late Mio-
cene rodent taxa appear as well (dormice of the genera
Glis and Muscardinus, the first Lophocricetus among
the Dipodidae, and Cricetulodon among the Criceto-
dontidae; Nesin, 2013). Notably, the absence of other
typical late Miocene taxa, Muridae and Ochotonidae,
which potentially indicates the relatively old age of this
fauna (sometimes considered to be the oldest in the
Vallesian of Europe; Nesin, 2013), stands in stark con-
trast with the advanced evolutionary stage of the dif-
ferentiated hipparions of Gritsev (Vangengeim et al.,
2006), i.e. the archaic aspect of this fauna may be due
to its forested character and the conservative
“Vallesian” fauna of forest habitats. Yet another small
mammal fauna without analogues in the Vallesian of
the Northwestern Black Sea Coastland comes from
the early Sarmatian (МN 10) Mikhailovka 1 locality
(Nesin, 2013). Cluster analysis of large mammal com-
munities clearly indicates the uniqueness of the bio-
zone МN 10 faunas of Ukraine and Moldova (Casa-
novas-Vilar et al., 2005). The provincialism of Moldo-
van Vallesian faunas is manifested in the presence of
PALEONTOLOGICAL JOURNAL  Vol. 56  No. 2  202
several endemic taxa (Figs. 3, 4), of which at least

some may in fact have their origin in the discussed

region.

Vallesian bird communities remain poorly studied

both in Eastern Europe and globally, but several gen-

era of water birds (e.g., crane, Grus; cormorant,

Microcarbo) are recorded for the first time in the fossil

record in the early Vallesian of Moldova (localities of

Chișinău and Golbocica), of which two are extinct

regional endemics: the heron Ardeagrandis and the

rallid Mioporphyrula (Zelenkov and Kurochkin, 2015).

Also, several bird species are known in the Vallesian of

Moldova and Ukraine that have so far not been found

outside of this region, including the oldest ostrich in

the region, Struthio orlovi (Zelenkov and Kurochkin,

2015). On the other hand, anatid assemblages both in

Central (Hungary) and Eastern Europe in the

Vallesian were composed of middle Miocene taxa that

were very widely distributed throughout Eurasia (from

France to China; Zelenkov, 2017, 2020; Zelenkov

et al., 2018).

Vallesian herpetofaunas of Eastern Europe are very

poorly known compared with those of Western and

Central Europe. The herpetofaunal assemblage of the

early Sarmatian of Moldova already includes open

landscape elements, but most of the assemblage is

composed of middle Miocene forest biotope relicts

(Zerova, 1987). The herpetofauna of Gritsev

(Ukraine) has been better studied; along with several

archaic elements, such as the urodele Palaeoproteus
and the boa Bransateryx, it includes the anguid lizard

Pseudopus pannonicus (Roček, 2019), which becomes
2
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Fig. 4. Selected mammalian taxa for which the earliest appearance in the fossil record is associated with the late Miocene of East-
ern Europe (including endemics).
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a common species in Europe only at the end of the
Miocene.

Late Sarmatian localities of the Berislav mammal
assemblage (Beshpagir, Spasskoye) from the Cauca-
sian Foreland (Stavropol territory) have a generally
similar aspect. The index species in these communi-
ties, along with Hipparion giganteum and H. verae,
were such taxa as Deinotherium cf. giganteum, Tetralo-
phodon longirostris, Choerolophodon aff. pentelici,
Tragocerus cf. frolovi, Procapreolus sp., and Cervavitus sp.
(Shvyreva and Titov, 2020; Volokitin et al., 2021). The
ruminant association of Euprox and Protragocerus
which is typical for Gritsev, was also found in North-
ern Caucasus, for instance in the late Sarmatian local-
ity of Fortepyanka 2 (Vislobokova and Tarasenko,
2019) which can be assigned to the early Turolian. The
composition of early Turolian mammal faunas in the
Northern Caucasus is unique. Localities of Gaverdo-
sky and Volchya Balka are correlated with the end of
the late Sarmatian. The mammal fauna here is dis-
tinctly mesophylic and mostly associated with closed
landscape habitats. The unique feature of these faunas
is the diversity of semiaquatic urodeles and anurans
and the presence of Vallesian elements in the small
mammal fauna, for instance, the dormouse Paragliru-
lus (Tesakov et al., 2017).

Turolian. The second half of the late Miocene is
characterized by the widest distribution of taxonomi-
cally quite similar savanna-like faunas in the temper-
ate and subtropical zones of the Palearctic (e.g., For-
telius et al., 1996; Kaya et al., 2018; Mirzaie Ataabadi
et al., 2013). The Turolian (Europe) and the coeval
Baodean (China) communities completely lack mid-
dle Miocene relicts and hipparions undergo intensive
morphological evolution (Bernor et al., 2021). In
PAL
Eastern Europe, in particular, Hipparion giganteum is
replaced by H. moldavicum (Krakhmalnaya, 1996).

Generally, the Turolian faunas of the south of East-
ern Europe show great similarities with the faunas of
the Balkans and Turkey, which include, for instance,
the abundance of lophodont mastodonts and deinoth-
eres, as well as the presence of the lagomorph Prolagus.
In addition to species and genera having vast transpal-
earctic ranges, the presence of lophodont jerboas Sibi-
rosminthus, microtoid cricetids and the camels Para-
camelus indicates increased Asian influence on the
communities of the northern coasts of the Maeotian
and Pontian basins of the Eastern Paratethys (Titov
and Tesakov, 2013; Titov et al., 2017). At the Vallesian-
Turolian boundary or in the early Turolian, several
typical taxa from the Greco-Iranian paleofaunal prov-
ince (Gazella aff. pigrimi, ?Nisidorcas, Tragoportax
gaudryi, Protoryx, and Palaeoryx) even reach the for-
ested Central Europe (Vislobokova, 2006).

In recent years, fairly representative data have been
obtained on the evolution of Turolian terrestrial verte-
brate communities (zones MN 11–12) in the Azov Sea
Coastland and the Caucasus Foreland (Podvintsev
et al., 2016; Tesakov et al., 2017; Titov et al., 2006).
These data supplement the known information about
the Belkan and Cherevichian faunal assemblages
described using material from the Western Black Sea
Coastland. However, whereas the similarities between
mammal faunas of this age in the vast territory of Eur-
asia have long been established, the paleobiogeo-
graphic patterns for other groups are only beginning to
become clear.

For instance, bird fossils clearly show differences
between Turolian and Vallesian bird faunas (Zelenkov,
2016). Notably, a series of savanna bird taxa appear in
EONTOLOGICAL JOURNAL  Vol. 56  No. 2  2022
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the Turolian faunas of Eurasia (including Eastern
Europe), such as the marabou storks, hornbills, and
buttonquails (Boev and Kovachev, 2007; Mlíkovský,
2002; Zelenkov et al., 2016). This occurs despite
reduced interchange between Africa and Eurasia in the
Turolian compared with the Vallesian (Bibi, 2011), so
that dispersal of savanna elements into the communi-
ties of the Northern Black Sea Coastland most likely is
associated with the expansion of taxa inhabiting the
Anatolian and Central Asian arid hotspots. The
savanna elements in the avian fauna, such as the lark
buttonquails Ortyxelos, currently inhabiting the Sahel
in Africa, were widely distributed in Eurasia at that
time and even reached Central Europe (Zelenkov
et al., 2016). The wide distribution of similar ostrich
taxa (based on eggshell morphology) during this time
period is illustrative in this regard: from the Iberian
Peninsula in the west to Eastern China (Mikhailov and
Zelenkov, 2020).

Turolian amphibian and reptile faunas are hetero-
geneous and are characterized by high ecological and
taxonomic diversity. Compared to Vallesian faunas,
they generally indicate greater aridity, although some
regions were favorable for hydrophylic taxa. The
appearance of the pond turtles of the genus Emys at
the beginning of the Turolian (MN 11) in the North-
ern Black Sea Coastland resulted in their active diver-
sification (four separate taxa), successful dispersal
throughout Eastern Europe and, later, in Central and
Western Europe in the Plio-Pleistocene. Amphisbae-
nids of the genus Blanus appear in the Maeotian of the
Northern Black Sea Coastland, which differ from the
Miocene and all extant Eastern European amphisbae-
nids of the Blanus strauchi complex. By the end of the
Turolian, the herpetological assemblages of the
Northern Black Sea Coastland develop distinctly arid
and unique features. The high diversity of Lacertidae
lizards in the late Miocene (MN 13) of the Caucasus
Foreland (Solnechnogorsk locality) makes this region
one of the most important for the evolution of some
lineages of this reptile group. For instance, it contains
the oldest records of the lizards Lacerta trilineata and
the bridled mabuya Heremites vittatus (Čerňanský and
Syromyatnikova, 2019, 2021), which today are the typ-
ical inhabitants of open landscapes of Southeastern
Europe and the Middle East. The presence of archaic
elements, however, such as Anguis cf. rarus and Ophis-
aurus cf. spinari makes the composition of this fauna
unique (Čerňanský et al., 2020). The appearance of
the first Pelobates praefuscus here may have given rise
to the radiation of the modern European spadefoot
toads P. fuscus (Syromyatnikova, 2019).

Despite broad similarity between Turolian faunas
of terrestrial vertebrates in the vast territories of South-
ern Eurasia, new data has been accumulating that
shows all the more clearly the biogeographic signifi-
cance of the region under consideration. The most
illustrative example is arguably the already mentioned
formation of the modern ostrich lineage on the west-
PALEONTOLOGICAL JOURNAL  Vol. 56  No. 2  202
ern periphery of the Eastern Paratethys: the structure
of the pore system in the eggshell of late Miocene
ostriches of the Black Sea Coastland reflects increased
adaptive specialization to nesting in especially arid
conditions (Mikhailov and Zelenkov, 2020). The for-
mation of this morphotype is likely associated with
one of the aridization episodes in the region and may
date to the beginning of the Turolian (biozone MN 11).
It is during that time (ca. 8.6 Ma), according to recent
research (Palcu et al., 2019) that an episode of severe
late Khersonian aridification began in the Eastern
Paratethys, which led to a significant regression of the
Khersonian Basin that peaked during 7.65 Ma. The
instability of paleoclimatic environments in this region
during the Turolian has been shown for Bulgaria: rela-
tively arid phases were recorded for biozone MN 11
(7.8–8.2 Ma), and another (more pronounced) one,
for biozone MN 12 (7.4– 6.8 Ma; Böhme et al., 2018).
In southern Ukraine, the first time period is repre-
sented by the small mammal fauna of Frunzovka 2,
where the jerboa Allactaga (Paralactaga) and micro-
toid cricetid Schymomys are recorded for the first time
in this region. Tellingly, this assemblage is without
analogues in Europe (Nesin, 2013). At the same time
in Greece several typical members of the so called Pik-
ermian late Turolian fauna of large mammals are
recorded for the first time; the fauna formed by the
merger of Balkan and Anatolian faunas and existed
during the time interval of 7.3–7.2 Ma (Kostopoulos,
2009). Importantly, the formation of the Pikermian
biota proceeds by expansion of Balkan species south-
ward, rather than vice versa (Kostopoulos, 2009). This
indicates higher competitiveness of mammal taxa that
evolved on the northwestern periphery of the Eastern
Paratethys and is in agreement with the pattern
observed in the evolution of ostriches (the ostrich that
formed in the discussed region later dispersed
throughout Eurasia and Africa). The expansion of the
Pikermian biota in the Balkans coincides with a sharp

increase in the proportion of arid-adapted С4 grasses
and the appearance of dust transported from the
Sahara (Böhme et al., 2017).

At least some other members of Turolian faunas
evolved more intensively as a response to climate
instability and increasing aridity on the western mar-
gins of the Eastern Paratethys. For instance, Böhme et
al. (2018) register pronounced morphological evolu-
tion in hyenas of Bulgaria during the arid intervals of
the Turolian. It has been suggested that some of the
important stages in the evolution of Hominini may
have taken place in Southeastern Europe (Böhme
et al., 2017; Fuss et al., 2017). The oldest representa-
tive of the clade Hominini may turn out to be Graeco-
pithecus freybergi, known from the 7.2 Ma old deposits
of Greece and Bulgaria and showing similarity with
the earlier Vallesian Greek (but, importantly, not Ana-
tolian) Homininae (Spassov et al., 2012).

Several specialized Turolian mammal taxa of
uncertain affinities have been described from the
2
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region under consideration. It is quite likely that these
may also be a result of autochthonous evolution in the
context of climatic variability at the end of the late
Miocene. For instance, the fossil hare Alilepus las-
carewi from the Turolian (MN 12) of Ukraine differs
from all Miocene and Pliocene Old World representa-
tives of the genus (Čermák et al., 2015). Discussing the
unusual morphology of the species, the authors sug-
gest that it may represent an Asian migrant, although
no similar taxa are known from Asia, whereas the ear-
liest undoubted records of the genus Alilepus in
Europe occur in the lowermost zone MN 11 in Mol-
dova (Căinari locality) and in Ukraine (Palievo local-
ity). The earliest Alilepus has also been found in the
Northern Caucasus (Gaverdovsky). A similar evolu-
tionary history has been assumed for Vasseuromys tec-
tus from the Turolian (MN 11–12) of Ukraine, the
most specialized species of that genus, prior to its
extinction (Sinitsa and Nesin, 2018). Dormice of the
genus Vasseuromys are a characteristic element of the
Miocene small mammal faunas of Central and Eastern
Europe and Asia Minor. The hare of the genus Hypo-
lagus, which later became widely distributed in Eur-
asia during the Pliocene–early Pleistocene, first
appeared in the fossil record during the late Turolian
of the Azov Sea Coastland (lowermost MN 13) (Ave-
rianov, 1996; Čermák, 2009). A diversification and
evolution hotspot for deer of the genus Cervavitus is
also associated with the late Miocene of the south of
Eastern Europe (Petronio et al., 2007). One of the old-
est representatives of the megalocerids, the endemic
genus and species Neomegaloceros gracilis, known only
from the late Miocene (supposedly MN 13) of south-
ern Ukraine, is also of autochthonous East European
origin (Korotkevich, 1988; Vislobokova, 2011).

Research on birds also confirms the biogeographic
significance of the region discussed during the Turo-
lian. Several bird taxa have been described from the
Western and Northern Black Sea Coastland that so far
have not been found elsewhere, including several
genus-level taxa (the goose Proanser, the rallids Crex-
ica and Miohypotaenidia, the bustard Miootis, the fos-
sil wader genus Cherevychnavis and the oldest snipe in
the fossil record Gallinago azovica, the corvid Miop-
ica), as well as several endemic species both of water
and land birds, including the f lightless ergilornithid
Urmiornis ukrainus (Bochenski et al., 2019; Zelenkov
and Kurochkin, 2015; Zelenkov and Panteleyev,
2015). Notably, the late Turolian rallid fauna of the
Northern Black Sea Coastland differed sharply, on the
genus level, from that of Central Europe (Hungary;
Zelenkov et al., 2017). The fauna of land birds was also
not homogeneous: whereas advanced ergilornithids
Urmiornis occurred in the Maeotian of Ukraine, the
more archaic Amphipelargus occurred at the same time
in continental Greece (Zelenkov et al., 2016). High
taxonomic diversity has also been recorded for the
region’s ostriches, although the geographic and
chronological distribution of particular taxa currently
PAL
remains unclear (Mikhailov and Zelenkov, 2020).
Small phasianids from the Turolian of the Azov Sea
Coastland were initially assigned to Plioperdix hungar-
icus known from the coeval deposits of Central Europe
(Zelenkov and Panteleyev, 2015), but new material
and a taxonomic revision (Zelenkov and Gorobets,
2020) indicate genus-level differentiation of the Azov
Sea Coastland taxon.

MARINE MAMMALS

During the late Miocene, marine mammal com-
munities of the Eastern Paratethys were associated
with shallow-water parts of the basin (Fig. 5). Several
localities are associated with bryozoan bioherms
inside lagoons: localities of Maykop, Polevoe, and
Melek-Chesme (Tarasenko, 2020; Tarasenko and
Pakhnevich, 2020; Tarasenko et al., 2020). Other
localities are associated with the shelf zone and are
characterized by greatly waterworn fossil material:
Khomutovo, Zheltokamenka, and Zolotaya Balka
(Koretsky et Rahmat, 2013). The biogeographic sig-
nificance of the region is due to the diversity of envi-
ronments in the shallow-water areas, from bays and
lagoons to fully freshwater isolated subbasins (Palcu
et al., 2019).

The Eastern Paratethys during the late Miocene
was the area of intensive diversification of cetotheriid
whales, especially at the boundary between the
Bessarabian and the Khersonian (the second half of
the Vallesian), which is confirmed by records of mem-
bers of different cetotheriine genera in the Caucasus,
Crimea, and adjacent territories (Gol’din and Start-
sev, 2014; Mchedlidze, 1964; Podvintsev et al., 2016;
Tarasenko, 2014; Tarasenko and Lopatin, 2012;
Tarasenko et al., 2020). Apparently, the development
of the shallow-water Scythian shelf in the northern
part of the Eastern Paratethys during the late Mio-
cene, associated with the formation of numerous bio-
genic reefs, provided the diversity of local environ-
ments and possible isolation for particular groups of
cetotheriid whales (Popov et al., 2004). Cetotheriines
became widely distributed in the Eastern Paratethys,
while the herpetocetines were more typical for the
Western Paratethys. The systematic affinities of the
cetotheriids of the Eastern Paratethys, previously
assigned to the herpetocetines (Tarasenko and Lopa-
tin, 2012), is now under revision (Tarasenko et al.,
2018). The endemism of this region is likely associated
with the tendency that became apparent already in the
early Oligocene to form an isthmus around the Thra-
cian Basin and the separation of the Eastern Mediter-
ranean in the southwest (Popov et al., 2004). Only rare
records of Cetotheriidae representatives are known
from the Mediterranean (upper Miocene of Italy),
which emphasizes the obvious rarity of the family in
that basin and may indicate local competition from the
ecologically similar grey whales, which, in turn, may
explain the geographic isolation and the disparate
EONTOLOGICAL JOURNAL  Vol. 56  No. 2  2022
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Fig. 5. The main localities of marine mammals in the Miocene of the Eastern Paratethys: (1) Yurkino; (2) Primorskoe; (3) Uzunlar;
(4) Tarkhankut; (5) Fortepyanka 2; (6) Polevoe; (7) Besputka; (8) Pekly; (9) Eldar; (10) Pervomaisky quarry; (11) Zheltoka-
menka; (12) Gritsev; (13) Maykop-2.
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geography of finds of the seemingly endemic cetothe-
riids in the Central Paratethys (Collareta et al., 2021).
No records of late Miocene grey whales are known so
far from the Eastern Paratethys.

It is believed that the semi-marine closed Sarma-
tian Basin only periodically came into connection
with the Mediterranean; the Euxinian-Caspian Basin
was connected with the Dacian Basin which was con-
nected by a narrow Transcarpathian Strait with the
Pannonian Basin of the Western Paratethys. In the
northwest, the Western Black Sea depression was sep-
arated from the Carpathian Basin by a zone of shelves
and land areas (Popov et al., 2004). The isolation of
the Sarmatian Basin from the Mediterranean and the
Western Paratethys, as well as its dilution with fresh-
water, contributed to the diversification of the cetoth-
eriid whales in the Eastern Paratethys.

Members of Phocidae had a wide range in the late
Miocene throughout the Paratethys (Koretsky, 2001).
It is believed that the seals of the Paratethys were
adapted to oxygen-rich circulating water of the shal-
low-water zone along the littoral; they were well
adapted to temperatures of the f luvial systems
(Koretsky, 2001). Adaptations of the late Miocene
seals allowed them to become widely distributed in the
shallow-water bays and reef islands in the eastern part
of the Eastern Paratethys.

DISCUSSION

The review given in this article shows that as the cli-
mate became increasingly more arid and open land-
scapes expanded during the late Miocene, the region
of the modern-day Northern and Western Black Sea
Coastland was not only the destination for the disper-
PALEONTOLOGICAL JOURNAL  Vol. 56  No. 2  202
sal of migrants from the older Eurasian arid hotspots

(such as Anatolia or Central Asia), but for some verte-

brates was also the place of autochthonous evolution

and diversification. The biogeographical significance

of this region can be explained, to a large extent, by its

location on the boundary between the main biomes

during the Miocene. For instance, at the end of the

middle Miocene and at the beginning of the late Mio-

cene (early–middle Sarmatian of the Eastern Para-

tethys), regions of the modern-day Northwestern

Black Sea Coastland (Moldova and southwestern

Ukraine) were mostly still covered by forests that

included a considerable number of subtropical ele-

ments, whereas in eastern Ukraine, open herbaceous

associations with grasses, forbs and chenopods were

already widespread (Syabryaj et al., 2007; Velichko

et al., 2005). The role of open biotopes increases in the

Khersonian (upper Sarmatian of the Eastern Para-

tethys), when the first Stipa proto-steppe grasslands

and semi-arid semi-desert associations appear in

southern and eastern Ukraine (Syabryaj et al., 2007).

In the area bordering the Eastern Paratethys from the

north, the zone of mostly open landscapes at the end

of the Miocene stretched east from the mouth of the

Dnieper and included the Northern Azov Sea Coast-

land, the lower Don River Valley, areas in the Tran-

scaspian and the south of Ural River. The eastern and

southeastern boundaries of this zone were located in

Central Asia (Semenenko and Teslenko, 1994).

During the episode of increased aridity at the end of

the Khersonian—beginning of the Maeotian, some

xerophytic steppe f loral elements are recorded well to

the southwest of this zone, in the Lower Danube Low-

land (southern Romania), although broadleaved for-

est associations remained the dominant vegetation
2
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type in that region up to the very end of the Miocene,
and open landscapes only became widespread in the
plains south of the Carpathians during the Pontian
(Casas-Gallego et al., 2021). In the Central Balkans
(Western Bulgaria), mixed mesophytic forests that
grew in a warm and fairly humid climate were domi-
nant even at the very end of the Miocene (Pontian;
Ivanov et al., 2021). In the Carpathians of western
Ukraine, forest biomes (boreal coniferous and broad-
leaved forests) also persisted up to the very end of the
Miocene (Syabryaj et al., 2007).

Therefore, throughout the late Miocene the
boundary between the forest biome and the open
steppe-like or savanna-like landscapes passed through
the region under consideration. The location of this
boundary changed with time depending on the cli-
mate, and paleobotanical data indicates that the
expansion of open landscapes westward was accompa-
nied by a spatial differentiation of plant associations
(Casas-Gallego et al., 2021; Syabryaj et al., 2007).
This differentiation resulted in the appearance of
mosaic semi-open habitats which have been recon-
structed by multiple previous researchers (Korotkev-
ich, 1988; Lungu, 1990; Nesin, 2013). Because of the
mosaicity of ecosystems, the region of the Northern
and Western Black Sea Coastland can be considered
the transitional (ecotone) zone between the forested
Central European and the savannic Greco-Iranian
biogeographical provinces. Localities in the Carpath-
ian (Gritsev) and the Caucasus Foreland (Gaverdo-
vsky, Volchya Balka) demonstrate the great role played
by mesophytic closed habitats.

The transformations of landscape and climatic
environments caused by climate change may have
played the main role in creating the conditions for the
transformation of the faunas in the region under con-
sideration. Unlike the preceding time period, late
Miocene was characterized by pronounced climatic
fluctuations that became manifest in the local land-
scape and climatic environments of Southwestern
Europe and defined the dynamics of local plant asso-
ciations (Ivanov et al., 2011; Palcu et al., 2019). The
role of climatic f luctuations and the associated vegeta-
tion change for the transformation of faunas has been
convincingly demonstrated in the case of the ungulates
of the Cape Province in South Africa (Faith and Beh-
rensmeyer, 2013). That research showed that faunal
transformation is associated with species extinction
and migration according to the geographic distribu-
tion of plant associations.

Diversification and morphological evolution of
particular representatives of the terrestrial vertebrate
fauna in the region discussed can be linked, to a large
extent, to the vicariation of populations of ancestral
taxa due to biotope fragmentation. Population frag-
mentation is believed to be the main factor of specia-
tion that explains oscillatory dynamics of mammal
faunas in the late Caenozoic (Vrba, 2005). In the
PAL
Northern and Northwestern Black Sea Coastlands,
fragmentation of tetrapod populations (except f lying
birds) may have additionally been caused by f luctua-
tions of the Eastern Paratethys coastline which experi-
enced a series of considerable transgressions and
regressions of the late Miocene, creating the condi-
tions for the appearance of large islands (Palcu et al.,
2019; Popov et al., 2010). This geographic instability
of sea basins also created the conditions for the diver-
sification of marine mammals and water birds (first
fossil records of several genera of extinct and extant
genera comes from this region).

The biogeographical significance of the region
under consideration hinges not only on diversification
as such, but on the evolutionary and ecological success
of taxa that formed in the ecotone zone. A vivid illus-
tration is provided by the case of ostriches discussed
above and several representatives of the Pikermian
fauna of large mammals. As D. Kostopoulos (2009)
showed, large mammal taxa that formed in continen-
tal Greece in the early Maeotian later (during faunal
merger at the end of the Maeotian) expanded their
ranges at least to the Anatolian province, even though
an older hotspot of open xerophytic landscapes
already existed there. The formation of a common
Greco-Iranian Pikermian biota proceeded, therefore,
by the enrichment of the old faunas of arid landscapes
with migrants that formed on the periphery of the
grassland biome. The important role of the peripheral
regions in the formation of faunal communities of the
climax ecosystems is corroborated by research on the
formation of modern faunas: a similar effect has
recently been shown in the case of the rich (about
1000 modern species) neotropical radiation of sub-
oscines (Tyranni; Harvey et al., 2020). This group is
most diverse in the tropical areas of South America
having a warm climate and stable landscapes and cli-
matic conditions, but although these regions accumu-
late taxa, their intensive diversification is associated
with the marginal regions having a colder and drier cli-
mate, as well as instable landscapes and climatic con-
ditions (Harvey et al., 2020).

The evolutionary success of representatives of
peripheral communities can in general terms be
explained as follows. Marginal faunas, due to the het-
erogeneity of landscapes and climatic conditions,
undoubtedly contain less specialized species com-
pared to the core areas of faunal associations. This sets
up a different kind of ecological interactions, lowers
competition between specialists and can promote
diversification. Furthermore, impoverished composi-
tion of marginal faunas facilitates recruitment of taxa
from geographically adjacent though ecologically dif-
ferent habitats. These factors themselves cause more
rapid evolution and promote speciation. In the case of
the open arid landscapes, their peripheral areas, such as
the Northwestern Black Sea Coastland undoubtedly
were secondary centers of morphological differentia-
tion and evolution. Initially, these regions were colo-
EONTOLOGICAL JOURNAL  Vol. 56  No. 2  2022
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nized by ancient inhabitants of open landscapes that
formed back in the Oligocene–middle Miocene. At
least for some taxa their further morphological evolu-
tion occurred already in the late Miocene in the con-
text of increasing climate aridity and habitat fragmen-
tation at the periphery of the biome range. Taxa that
evolved in these conditions can therefore be seen as
“euadaptive” (Rasnitsyn, 1986), i.e., a result of longer
evolution and therefore better adapted compared with
“inadaptive” taxa that formed from unspecialized
ancestral morphotypes by fast adaptation to changing
conditions.
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