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Abstract. This paper describes Middle Miocene (Badenian) shark teeth from
Serbia and discusses their geographical distribution at other localities of the
Central Paratethys. The shark teeth originate from ViSnjica (near Belgrade),
from Visnjica Clay, or the ‘Pleurotoma Clay’ The variety of sharks is very low,
but according to these fossils Visnjica is the richest among Serbian localities.
The sharks teeth reported in the paper belong to the following taxa: Otodus
(Megaselachus) megalodon (Acassiz, 1835), Hemipristis serra Acassiz, 1835 and
Odontaspididae indet. The high diversity of invertebrates (molluscs, echinoids,

Key words: corals etc.) and other coeval fossil assemblages indicate a warm period (the
Middle Miocene, Badenian, Middle Miocene Climatic Optimum), which preceded the Middle Miocene Cli-
sharks, Paratethys Sea, Serbia. matic Transition.

AncTpaxT. Y 0BOM 4JIaHKY Ce ONUCY]y Cpe/ilbOMUOLIeHCKU (6a/leHCKH) 3y6u
ajkysna u3 Cpbuje U AUCKYTYje O BbUXOBOj reorpadCckoj AUCTPUOYIIHjU HA
JApyrumM Jsokaautetuma Llentpansor [lapateruca. 3y6u ajkysa HOTUYY U3
Bummuile (Hemasneko o beorpaza), us BUulibuykux riinHa uiu “Ilieypotom-
CKMX IVIMHA". PA3HOBPCHOCT ajKyJia je BPJIO HUCKA, a/lH je 110 0BUM pocuInMa
Bummwuia HajooraTuja Mehy cprnckuM sokanuTeTuMa. OnuvcaHy 3y6u ajkysa
npunazajy ciaefehum takconomuma: Otodus (Megaselachus) megalodon
(Acassiz, 1835), Hemipristis serra Acassiz, 1835, u Odontaspididae indet.

Ki/byuHe peun: Bricoka pa3HOBPCHOCT 6eCcKHYMebaka (MeKyIlala, eXHHOK/A, KopaJia) Kao 1
Cpedrsu muoyeH, 6adeH, JpyrUX GOCHUIHUX 3ajeJHUIIA YKa3yjy Ha TOMJIU NepHoz (CpelbOMHUOIIEHCKH
ajkyse, mope [lapamemuc, KJIMMaTCKH ONTHUMYM), KOjH je MPETXOAKNO0 CPeHbOMHUOLIEHCKO]j KINMaTCKOj
Cpéuja. TPaH3ULHjU.
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Introduction

Miocene shark teeth from Paratethys are men-
tioned in the literature since the 19" century with
numerous described extinct species (e.g., AGASSIZ,
1843; Prosst, 1878; KocH, 1903; Scrutrz, 1971, 1979,
2013). Recent research allows the evaluation of their
diversity, as well as the areal and the stratigraphic
distribution of these fossils. Many references deal
with the taxonomy and the reassessment of these
sharks (e.g. CAPETTA, 2012; MIKUZ & SOSTER, 2013;
Mikuz et al., 2014, 2015, 2017; SzaB06 & Kocsis, 2016;
TRIF et al., 2016; TRIF & CoDREA, 2017). The present
analysis points out that the shark teeth are relatively
rare in the palaeontological record of the Serbian
Miocene localities; but it also reflects a broad geo-
graphic distribution in the Central Paratethys Sea.

(1958), ANpELKOVIC et al. (1989) and JovaNovi¢ & Tomic
(1997). In the past decades, only a few new data have
been added to this topic.

This paper refers to the Badenian shark fauna
from Visnjica (Belgrade, Serbia) (Fig. 1A, B, C). The
aim of this study is to increase the knowledge about
the shark diversity and its distribution along the
southern margin of the Central Paratethys during the
Middle Miocene. This study of the shark teeth fills a
gap within this region, allowing correlations be-
tween Serbian fauna and the coeval well-docu-
mented similar faunas reported from the various
other areas of the Paratethys. By analysis of the Mid-
dle Miocene Serbian localities, the ViSnjica fauna ap-
pears to be the most diverse. In addition to the taxa
previously reported herein, GRUBIC (1958) mentioned
the following species: Carcharodon megalodon AGAs-

siz, Lamna cuspidata AGASSIZ
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and Lamna (Otodus) appen-
diculata Acassiz. The last spe-
cies is one of the most
frequently reported nominal
shark species from the Creta-
ceous and Paleocene accord-
ing to SIVERSSON et al. (2015)
and CAPPETTA (2012), but not
from the Miocene. Therefore,
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it is likely to be a misidenti-
fied taxon. The Miocene shark

A e teeth from other Serbian lo-

calities, like Rakovica and Go-

Fig. 1. Location of Visnjica locality in: A. Europe; B. Serbia; C. Belgrade area.

The fossil shark teeth from Serbia have been
poorly studied in comparison with other fossils (e.g.
Dburic et al., 2017: Rapovi¢ & Brabi¢-MiLINKovic, 2018
). The Middle Miocene (Badenian) sediments from
Serbia are exposed in various regions of the country.
These sediments are rich in fossils, mainly inverte-
brate fossils. Shark teeth are mentioned only in a
small number of localities, such as Visnjica and Rako-
vica, from the vicinity of Belgrade, and in eastern Ser-
bia (Golubac), according to MIKINCIC (1932), GRUBIC
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lubac, have generally been
assigned to Lamna, or just to
‘fish teeth’ (MIKINCIC, 1932;
JovaNoviC & ToMi¢, 1997). With
the exception of a single spe-
cimen of Odontaspididae from
Rakovica, no other shark teeth could be found in the
collections of the Belgrade Museum.

Geological setting

In the Paleogene, the collision between the
African and the European plates has resulted in divi-
sion of the Tethyan Realm into two different paleo-
geographical realms - the circum-Mediterranean in
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the south and the Paratethys in the north (LASKAREY,
1924; ROGL & STEININGER, 1984; ROGL, 1998; Popov et
al,, 2004). On its turn, the Paratethys can be divided
into three distinct regions: Western, Central, and
Eastern Paratethys (PILLER et al., 2007). Each region
had specific developments in terms of facies and dis-

The Badenian age of the deposits near Belgrade
is based on the study of foraminiferal assemblages.
[t comprises three units: the Early Badenian (the La-
genidae Zone), the Middle Badenian (the Spirorutilus
carinatus Zone) and the Late Badenian (Elphidium
crispum and Ammonia beccarii Zone) (PETRoVIC, 1970;
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Fig. 2. A. Geological map of the Visnjica area (after the map 1:100.000 of Serbia, sheet Pancevo, according to IvkoviC et al.
1966, modified); B. The map of Central Paratethys (after ROGL & STEININGER, 1984, modified).

tribution. The former Central Paratethys region is
congruent with the area of nowadays Austria, Slove-
nia, Poland, Hungary, Croatia, Serbia, Bosnia and
Herzegovina, Ukraine and Romania. Several Middle
Miocene sedimentary basins from Serbia have been
closely connected to this area, which allowed faunal
exchanges. In the Middle Miocene, in the vicinity of
Belgrade, the Paratethys Sea flooded different types
of basement and a normal marine regime occurred
in the area. The related sedimentary deposits are
very rich in fossils. The first geological studies in the
area enabled a large number of typical marine taxa
to be reported. In the ViSnjica site, the largest group
of taxa is represented by Badenian gastropods from
the so-called ‘Pleurotoma Clay’, or ‘Visnjica Clay’
(Lukovi¢, 1922; STEvANOVIC, 1977; ANPELKOVIC et al.,
1989) assigned to the Visnjica Clay Formation (ab-
breviated VCF).
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1985). The VCF exposures have been reported in the
Ramadan stream, at its confluence with the Danube.
The outcrops from the banks of the Danube studied
in the 19 and 20™ centuries allowed the collection
of these fossils. However, after the construction of the
dam at hydroelectric power plant “Derdap” (Iron
Gates), the Danube level rose and these outcrops are
currently flooded.

Material and methods

This study is based on the review of fifteen fossil
shark teeth collected during several past field works.
The studied shark teeth originate from three distinct
collections, all obtained from the same Badenian de-
posits. The collectors were: Petar Pavlovi¢, at the end
of the 19 century, Petar Stevanovi¢, in 1959, and Ve-

31



GORDANA JovaNOVIC, NICOLAE TRIF, VLAD CODREA & DRAGANA DURIC

limir MiloSevi¢, around the mid-20™ century. Mor-
phological features have been used to provide de-
tailed taxonomic data. We considered the shape and
size of the main cusp and the serration, where avail-
able. The photos of the specimens have been taken
with an OLYMPUS Z4001 camera and a PANASONIC
DMC-FZ50 camera, respectively, attached to a BIOOP-
TICA 100 stereomicroscope.

The shark teeth found in the VCF range in size
from less than 8 mm to over 80 mm. These have been
collected directly by hand, without sieving the sedi-
ment. The fossils are housed at the Natural History
Museum in Belgrade, Serbia (abbreviated as NHMB;
collection numbers: K 7050; PS 23-26; KV-P 282-
291). Some of the shark teeth are poorly preserved
and eroded with exposed enamel cracks. The roots
are damaged too. This state of preservation suggests
that some teeth have been exposed to wave action,
which led to fragmentations, abrasion and polishing.
Most of the teeth are black and dark grey, while oth-
ers are brownish or even white.

Systematic paleontology

Superorder Galeomorphii CompaGNO, 1973

Order Lamniformes BERG, 1958

Family Otodontidae GLICKMAN, 1964

Genus Otodus Acassiz 1843 (sensu CAPPETTA, 2012).

Otodus (Megaselachus) megalodon AGAssiz, 1835

Material: Three teeth (Figs. 3.a-d; e-g and h-j);
NHMB: PS 23, K 7050, PS 24.

The tooth illustrated in Fig. 3.a-d is the biggest
and the most complete tooth ever found in this local-
ity. It has a height of 82 mm and a width of 57 mm.
Its general shape is triangular with a strong root and
a well defined neck. The lingual side is convex (Fig.
3a), while the labial one is flat (Fig. 3b). The cutting
edge is well preserved and has a fine and regular ser-
ration (Fig. 1c). No cusplets are present at the base
of the crown. Based on the general shape of the tooth,
it most likely had an anterior position.

The tooth in the Figs. 3e-g is smaller, measuring
only 48 mm in height and 37 mm in width. Most of
its root and the apex are missing. The serration is
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well preserved, fine and regular. The neck is frag-
mented, but it can be noticed in the central part, on
the lingual side of the tooth. The lingual side is mode-
rately convex, while the labial one is flat. The shape
of the crown suggests an antero-lateral position of
this tooth.

The tooth in the Figs. 3h-j is also of a rather mod-
est size, with a height of 61 mm and a preserved
width of 48 mm. The general shape is similar to the
other two teeth already described. The cutting edge
is strongly worn-out and the serration is only pre-
served in a small portion. It is interesting to note the
bio-erosion marks on the enamel of this tooth. Both
sides of the crown bear hundreds of indentations
caused by an unknown organism. Based on the gene-
ral shape, it is likely that this tooth had an upper an-
terior position.

Discussions. The taxonomy of the Otodontidae
family has been debated for a long time, particularly
over the last decade (JorRDAN & HANNIBAL, 1923; GLICK-
MAN, 1964; ScHuLrz, 1971; PiMIENTO et al,, 2010; Cap-
PETTA, 2012 etc.). Based on the presence, absence or
size of the serrations and cusplets, as well as on the
differences in the root morphology, CAPPETTA (2012)
revised and divided the Otodus genus into three sub-
genera. The described morphology allows us to con-
fidently assign the specimens to the Otodus
(Megaselachus) megalodon species (CAPPETTA, 2012).

Although this species has a cosmopolitan distri-
bution and it is by far better known from the Mio-
Pliocene formations of the North, Central and South
America (FowLER & KuMmMEL, 1911; DE MuizoN &
DEVRIES, 1985; PIMIENTO et al., 2013; CARRILLO-BRICENO
et al, 2015), it is also ubiquitous in the Central
Paratethys Sea. Otodus (M.) megalodon has been
found in the Badenian deposits from over 50 out-
crops in: Austria (ZAPFE, 1954; FLUGEL & KOLLMANN,
1964; KoLLMANN, 1969; ScuuLrz, 1971; HIDEN, 1995;
RoGL et al., 2008; ScHuLrz, 2013), the Czech Republic
(ScHurrz et al., 2010), Hungary (SzaBo & Kocsis, 2016),
Slovenia (Mikuz, 2000; MIKuZ & SOSTER, 2013; MIKuZ et
al., 2014, 2015), Croatia (Paunovi¢, 1987), Poland
(PawLowska, 1960; RADWANSKI, 1965; ScHUFLTZ, 1977,
1979), Slovakia (HoLEC & SABoL, 1996; HoLkc, 2001)
and Romania (TRIF et al., 2016; TRIF & CODREA, 2017).
Sometimes, associated teeth can also be found (see
MIKuz & SOSTER, 2013). It is interesting to note that O.
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(M) megalodon is part of the fauna listed in the
Badenian type-section of Baden-Sooss in Lower Aus-
tria (RoGL et al., 2008).

Order Carchariniformes CompAGNO, 1973
Family Hemigaleidae Hassg, 1879
Genus Hemipristis AGassiz, 1843.

Hemipristis serra Acassiz, 1835

Material: One tooth (Figs. 3k-n); NHMB: PS 25

The illustrated tooth is an upper anterior. The
crown is bent distally, flat, with a small basal fold on
the labial side and convex on the lingual side. The
cutting edges are typical for H. serra with larger, rarer
serrations on the distal side, and smaller and more
numerous serrations on the mesial side. The apex is
devoid of any kind of serration. The root is only
partly preserved, while the mesial lobe is missing.

Discussions: Hemipristis serra is a common Mio-
cene species, especially in the Badenian, where it has
been found in a large number of outcrops across the
Central Paratethys (ScHuLrz, 1977; BRZOBOHATY &
Scrurrz, 1978; ScuuLrz, 2013; SzaBoO & Kocsis, 2016;
TRIF & CODREA, 2017) and around the world (MULLER,
1999; PurDy et al.,, 2001; CAPPETTA, 2012). Basically, it
occurs in the same areas mentioned above for 0. (M)
megalodon, and it is particularly common in the
Vienna and Styrian basins.

Family Odontaspididae MULLER AND HENLE, 1839
Odontaspididae indet.

Material: Seven teeth (one illustrated in Figs.
30-r); NHMB: KV-P 282

A small number of other shark teeth have been
found in addition to the above described specimens.
They are all poorly preserved. The teeth are heavily
worn, most probably due to continuous wave action.
The cutting edges and the apex are rounded and the
lateral cusplets are reduced to just a few small
bumps; the root is mostly fragmented, or totally
missing, and in some cases polished to a smooth sur-
face. However, the sigmoid profile and the slender
crowns that are characteristic for a tearing type of
dentition indicate that these teeth belong to the
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Odontaspididae family. These sharks had a wider dis-
tribution during the Cenozoic than nowadays. As a
family of relatively large sharks, the Odontaspididae
are known since the Aptian (early Cretaceous), ac-
cording to CioNE et al. (2007).

Discussion

Although the shark teeth from the Visnjica locality
have been previously reported (Grusi¢, 1958), their
value has not been precisely considered in the strati-
graphic context. The stratigraphy of the VCF is still
debated, but all the available data indicate a Middle
Miocene (Badenian, calcareous nannoplankton NN5
Zone) age (Fig. 3). The sediments with shark teeth in
Serbia were deposited during the Early Middle Mio-
cene (Badenian) transgression. The Paratethys Sea
flooded different terrains in Serbia, terrains which
had either previously completely emerged, or had
borne lacustrine sediments. It was a continuous ex-
panding transition from freshwater lake environ-
ments to marine ones, on the whole southern sector
of the Pannonian basin (Cori¢ et al., 2009; KRrsTIC et
al., 2012). Therefore, the diversity of the marine
fauna from Visnjica as well as other Badenian locali-
ties originated mainly from migration events from
the Mediterranean basin through the Slovenian cor-
ridor. Connections are recorded also between the
Pannonian basin and the Transylvanian one, through
Mures passageway (CHIRA & MARUNTEANU, 1999).

In the Belgrade region, several Badenian litholo-
gical units have been established such as the Rako-
vica Sand, Visnjica Clay, TaSmajdan, Kalemegdan and
Visnjica biogenic limestones (Leitha-type Lime-
stone). Primary analyses were based on the forami-
niferal and molluscan fauna. The foraminiferal fauna
in VisSnjica was studied by Paviovi¢ (1897) who
pointed out its strong similarity to the one of the
‘Baden Tegel’ (Vienna basin, Austria). Based on this
rich fossil record, the Middle Miocene (Badenian) age
was confirmed in the vicinity of Belgrade (PavLovic,
1922; Lukovi¢, 1922; GruBi¢, 1958). Later, foramini-
fera and calcareous nannofossils were studied by
PETROVIC (1970), STEVANOVIC (1977), MIHAJLOVIC &
KNEZEVIC (1989). GrujiCi¢ (2010) pointed out the ex-
istence of the zone with Spirorutilus carinatus (D’ORr-
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fossil assemblages, the first

BIOSTRATIGRAPHY
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EPOCH
AGE

CHRONOSTRATIGRAPHY
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marine transgression in the
Papuk Mt. (northern Croatia)
according to Cori¢ et al.,
(2009) corresponds to the
NN5 Zone. Recently, JovanoviC
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FORMATION
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& Bodnjak (2016) based on
the presence of some clams
and scaphopods, assumed a
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late Early Badenian age. A
main problem is related to the
different interpretations of the
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14—
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LANGHIAN

BADENIAN

e
N
=
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S
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Badenian stage subdivisions,
as well as to the timing of
Badenian marine transgres-
sions in Paratethys (PILLER et
al,, 2007; Kovat et al,, 2007;
PEZEL et al., 2013; HOHENEGGER
et al,, 2014; SanT et al,, 2017).
The different taphonomic con-
ditions of the teeth suggest the

NN

VISNJICA CLAY

NNg4

16

17 —

EARLY MIOCENE
BURDIGALIAN
KARPATHIAN

origin from different strati-
graphic levels. Additionally, a
biostratigraphic revision is re-
quired for some Badenian lo-
calities (Jovanovi¢ et al., 2018).
The sediments with shark te-
eth in Serbia were deposited
during the early Middle Mio-

cene (Badenian) transgres-

Fig. 3. Stratigraphic distribution of selachian occurrences across the southern mar-
gin of the Pannonian Basin Systems. Stratigraphic correlation table and position of
the studied interval. Global chronostratigraphy after HILGEN et al. (2009), magne-
tostratigraphy and calcareous nannoplankton zones from LoUrENS et al. (2004a, b),
PiLLER et al. (2007), HOHENEGGER et al.(2009), PEzELj et al. (2013), SANT et al. (2017).
The position of calcareous nannoplankton in the study area after Krsti¢ (1978),

MinajLovic & KNEZEVIC (1989), Jovanovic (2018), modified.

BIGNY, 1846). However, the benthic foraminifera
Frondicularia sculpta (KARRER, 1862) and Annulo-
frondicularia annularis (D’ORBIGNY, 1846) from ‘Visn-
jica Clay’ (Grujicic, 2010), Austria (FLUGEL, 1960) and
Romania (PoPEscu & CRIHAN, 2004) are indicative for
Early Badenian (Lagenidae Zone). Based on nanno-
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sion. The Paratethys Sea
flooded different terrains in
Serbia that were completely
emerged or covered with la-
custrine deposits during ear-
ly Miocene.

Consistent to other geo-
graphically close-by localities
(Scnurrz, 2013; SzaB6 & Kocss,
2016; TriF et al.,, 2016; TRIF &
CODREA, 2017), the observed
sharks appeared to be common in the Badenian de-
posits all around the Central Paratethys (SzaB6 & Koc-
sis, 2016) (Fig.4). In comparison with other localities
in Croatia, Bosnia and Serbia (southern margin of
Pannonian Basin Systems of Central Paratethys),
Visnjica is richer in shark remains. In addition to the

Geol. an. Balk. poluos., 2019, 80 (1), 29-43
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Fig. 4. Regional distribution of shark fauna; Otodus (Megaselachus) megalodon Agassiz, 1835 (white circles), Hemipristis
serra Agassiz, 1835 (gray circles), and Odontaspididae Miiller and Henle, 1839 (black circles) in Middle Miocene (Baden-
ian), sensu SzABO & Kocsis (2016) in the Central Paratethys, modified.

taxa herein reported, Grubi¢ (1958) mentioned from
Visnjica Carcharodon megalodon, Lamna cuspidata
and Lamna (Otodus) appendiculata. In northern Cro-
atia sharks are found in Papuk Mountain, but proba-
bly reworked in Sarmatian sediments (VRsALJKo et al.,
2010). The dominant shark family from VisSnjica is
the Odontaspididae documented by seven teeth
which could be identified only at a family level. The
rarity of shark teeth in the Badenian of Serbia could
be linked either to the lack of collecting or to the ab-
sence of equivalent ecological niches.

The VisSnjica Clay, besides foraminifera, gastropods
and bivalves, also bears shells of scaphopods, carbon-
ated fossil wood, three-dimensional preserved Pinus
cones and pyritized shells of Aturia aturi (BASTEROT,
1825). The fossil molluscan assemblages indicate a
relatively global warm period (Middle Miocene Cli-
matic Optimum), before the Middle Miocene Climatic

Geol. an. Balk. poluos., 2019, 80 (1), 29-43

Transition. The preserved Pinus cones and carbonated
fossil wood fragments, as well as the analysis of the
molluscan fauna indicate subtropical marine waters,
with depths exceeding sometimes 100 m. The Baden-
ian VCF was deposited in a neritic environment and
the Aturia shell accumulations at ViSnjica were inter-
preted by STevanovi¢ (1970) as post mortal processes,
the shells having drifted into shallower marine envi-
ronments. Unlike ViSnjica, some areas were covered
by the sea only at the end of the Badenian, or in the
Sarmatian. Several outcrops have shown that the
transgression had occurred in Early Badenian on the
basis of the flooding areas located more than 200 km
southern of Belgrade (Koceljeva, Arandelovac) (AN-
PELKOVIC et al., 1989). However, in such areas, the sea
was mostly very shallow. Tectonic movements sepa-
rated these rocks into distinct blocks, lifted or
plunged, during the Neoalpine tectonic events
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(MaroviC et al., 2007, ToujiC et al,, 2014). For this rea-
son Badenian sediments are rarely exposed at the sur-
face. The common presence of some large, oceanic
sharks (e.g., Otodus, Cosmopolitodus) in the Central
Paratethys during Middle Miocene could be explained
by the abundance of their potential prey, represented
by diverse marine mammals such as whales and dol-
phins (SzaB6 & Kocsis, 2016). Some remains of Ce-
totherium cf. rathkii Brandt, 1843 were also found in
the Badenian deposits of northern Bosnia (STEFANOVIC,
2010). Compared to the recent similar top predator
Carcharodon carcharias, habitat of O. (M.) megalodon
was probably similar. This shark hunted both on
coastal environments but also offshore, on the conti-
nental and island shelves, over hundreds of meters
(WENG et al,, 2007).

While 0. (M.) megalodon was clearly the top pre-
dator in these environments, we consider H. serra,
with a length of 4 to 5 m (KenT, 1994) to be similar
in its trophic level. The actual representative of the
genus, H. elongata KLUNZINGER 1871, has a very simi-
lar dentition, but the smaller teeth length. Following
CoMPAGNO (1984), the recent H. elongata feeds with a
variety of fish prey, including smaller sharks and
rays. Presumably, the fossil H. serra had a similar diet.
The recent Hemipristis elongata lives in depths of up
to 132 m (STEVENS & Mc LOUGHLIN, 1991).

Many Badenian localities have yielded a high diver-
sity and excellent preservation of fossils, mostly inver-
tebrates. The shark teeth from ViSnjica however
display different colors and marks of damage that
could be explained by their specific taphonomy. All the
shark teeth are considered autochthonous. As the
Badenian transgression overlies continental and flu-
vio-lacustrine older deposits, reworking was not pos-
sible. Nowadays, the Visnjica exposure is inaccessible
any more. A single tooth of Otodus (M.) megalodon is
white in color. This specific color leads us to think that
it originated from a different, distinct layer, possibly
the white Leitha-type sandstone (once, exposed at
Bela Stena, near Visnjica). The enamel and roots of the
Odontaspididae teeth is heavily worn, most probably
due to the wave action. Small transport could damage
the root of the teeth. Even moderate abrasion/corro-
sion will result in reshaping of the edges of the root
and a rounding of the lingual protuberance in basal
and profile views (SIVERSSON et al., 2015).
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Conclusion

The shark teeth from VCF document three diffe-
rent families: Otodontidae, Hemigaleidae and Odon-
taspididae, described for the first time from the
Badenian of Serbia. The first two families are docu-
mented by a single species, i.e. Otodus (Megasela-
chus) megalodon Agassiz and Hemipristis serra
Acassiz. The shark assemblage includes well known
and widespreaded Middle Miocene (Badenian) taxa,
reported also from the other Paratethyan localities.
Therefore, the Middle Miocene of Serbia is domi-
nated by the cosmopolitan sharks. We conclude that
the shark findings are consistent with a connection
between the southern margin of the Pannonian Basin
Systems and the other basins and sub-basins within
the Central Paratethys in the Badenian. ViSnjica rep-
resents the richest Badenian shark teeth locality in
Serbia. The lack of small shark teeth is most probably
related to the sampling due to the fact that all the
shark teeth were obtained by picking from the ex-
posed sediment surface without sieving.
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Peszume

CpeiHbOMHOLLEHCKH 3y0M ajKyJia U3
jy>kHor o6oza [laHoHCKOTr 6aceHa
(Cp6wuja, lenTpaanu [lapaTeTuc)

MuoneHcku 3y6H ajkysa u3 [lapateTuca cy no-
3HAaTH y TeoJIOIIKUM pagoBuMa joumr ox 19. Beka.
HajHoBHja ucTpakuBama cy oMoryhusa mpoieHy
Pa3HOBPCHOCTH, KAao U lbUXOBY reorpadcky u cTpa-
TUrpadpcKy AUCTpUOYLHjy (SzaBO & Kocsis, 2016). Ha
noApydYjy jy>kHor o6oxa [laHOHCKOr 6aceHa ocTanu
MUOILIEHCKUX 3y0a ajKy/ia Cy peslaTUBHO PETKU U
yIJIaBHOM Cy NpeACTaB/beHU BpCcTaMa Koje Ha Io-
apydjy LenTtpannor IlapaTteTrca uMajy MHUPOKO
reorpadcko pacnpoctpameme. OnMcaHu TaKCOHU
NONyHaBajy Npa3sHUHY y NO3HaBakby CpeHOMHUO-
1eHcKe ¢ayHe ajKyJia y OBOM PeruoHy u omoryha-
Bajy KopeJsauuje ca CJIMYHUM $payHaMa U3 JPYrux
snokanurteTa lentpannor [lapaTeTuca.

Crpaturpaduja Popmaryje BUIIILUYKHX TJIMHA
(VCF) je mpeaMeT pacmpaBa reoJiora, U CBM pacro-
JIOKUBU TMOJALM yKa3dyjy Ha CpeAHOMHOLIEHCKY
crapocT (6ajeH, KpedhadKu HaHOIMJIaHKTOH NN5
30Ha). YecTH Hasla3u octaTaka 3y6a NPUIUIHO Be-
JIMKUX ajkysa (Hop. Otodus, Cosmopolitodus) y cpen-
weM MuoleHy LlenTpannor [lapaTeTrca moryiu 61
OUTH 06jalIlkbeHd 06U/beM HbUXOBOT MOTEHLIUjaTHOT
IJIeHa, IPe/CTaB/bEHOT Pa3HUM CHCapyMa Kao IITO
cy KuTOBU U Aendunu. CraHuirre npegatopa Otodus
(Megaselachus) megalodon kao u Hemipristis serra je
6uJ1a mprobaiHa MOPCKa CpeiMHa ca IyOruHaMa Koje
cy Morvie 6uTH HetTo Behe o1 100 M, Ha 1ITa yKasyjy
Y 3ajeIHUIIE PYTUX GOCHUIHUX OpraHUu3ama.

Y oBOM pajly cy NIpBH Iy T ONMUCAHU 3yOH ajKyJia U3
6agenckux cequmenara VCF ko Beorpazga (Cp6wuja),
KOjU MpunaZiajy TpuMa pasjIMuUTUM MOpoJUIaMa:
Otodontidae, Hemigaleidae u Odontaspididae. [IpBe
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JiBe TIOPO/IMILIE Cy IPe/ICTaBJ/bEHE 110 jeJTHOM BPCTOM -
Otodus (Megaselachus) megalodon AGassiz 1 Hemi-
pristis serra Acassiz. [Ipumepiiu Odontaspididae, 36or
omreherma HUCY MOTVIM GUTH NPEU3HUje ofpeheHH.
HMako je aHa/u3upaH MaJiu 6poj GOCUIHUX OCTaTaKa,
OUHUIJIESHO je 1A CY ¥ CPeAHhOMHUOLIEHCKUM CeZIUMEeH-
TuMa Cpbuje 6Gusie 3acTyl/beHe KOCMOIOJHUTCKE
BpCTe ajKyJia. MoxKeMo 3aKJbyYHTH [1a Cy OBU TAKCO-
HHU JI0Ka3 0 Be3aMa jy»kHor 060/1a [lTaHoHCKOT 6aceHa
ca apyrum 6aceHuma yuyTtap LlenTpannor [lapaTe-
THCa, TOKOM 6asieHa. PasHOBpCcHOCT Mopcke ¢dayHe
13 Bummuile, Kao 1 Apyrux 6aieHCKUX JIOKAJIUTETA,
yKasyje Ha MUrpanujy ¢ayHe us MeauTepaHCKOT
6aceHa, npeko CJ0BeHAYKOT KOpHAopa y 06JacT
jy>kHOT 060/a [TaHOHCKOT GaceHa. Bese cy koHcTaTO-
BaHe U usMehy [laHoHCKor W TpaHCHJIBaHHjCKOT
6aceHa, mpeko npoJiaza Myperu (CHIRA, C. & MARUNTE-
ANU, 1999). OBa cnenuduyHa mnajseoreorpaduja
oMmoryhwuJia je 3ajeHUYKe 0COOMHE He caMo Y day-
HaMa Mekymarna (JovaNovi¢, 2018), Beh u y 3ajegHu-
[jamMa MOPCKHUX KMUMemaka. JlokanuteT Buumuna
je HajooraTuje HaJsa3uITe 3y6a ajkysna y Cpouju,
rako je $pocuIHA acolyjaldja MaJoopojHa. 3yOoHu 13
Buimuie cy pa3inyuTe 60je, a 3aakeHa Cy 4 pa-
3JIMYMUTA ollTehema, IITO O MOTJIO OUTH Ob6jallihe-
HO cnenudpudHoM TadpoHOMHUjoM. JlOK Cy HaJA3U
cutHUx Elasmobrachii y apyrum cpegwmomMmuoneH-
CKUM HasasumtuMa [lapateruca dyectu (SzaBO &
Kocsis, 2016), y CprICKUM JIOKQJIUTETUMA OBU OCTAIU
HUCY TpoHaheHH, LITO He 3HAYU /A HUCY OUJIU [1e0
6aZleHCKUX 3ajeAHUNa, Beh aa ce y focajammbum
HWCTpaKUBawkbMMa HajBepOBaTHHje HUje NMOCBeTUIa
NaXkkha npocejaBamwy Behe KoJMYMHE ceJUMEHATa,
mTo 6M ympaBo Tpe6aso Ja Oyae nu/b O6yayhux
TepeHCKHUx pazoBay Cpouju.
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Plate 1.

Selachians from ViSnjica, Badenian (NHMB): a-d - col. Petar Stevanovi¢ - PS 23; e-g - Petar Pavlovi¢ - K 7050);
h-j: Otodus (Megaselachus) megalodon (col. Petar Stevanovi¢ - PS 24); k-n: Hemipristis serra (col. Petar Stevanovi¢ -
PS 25); o-r: Odontaspididae indet; a, e, h, K, o (col. Velimir MiloSevi¢ - KV-P 282); (lingual view; b, f, j, 1, p - labial view;
g, h, n - mesial view; d, n - distal view; c - detail of serration).
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