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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 Višnjica (near Belgrade),
from Višnjica Clay, or the ‘Pleurotoma Clay’. The variety of sharks is very low,
but according to these fossils Višnjica is the richest among Serbian localities.
The sharks teeth reported in the paper belong to the following taxa: Otodus
(Megaselachus) megalodon (AGASSIZ, 1835), Hemipristis serra AGASSIZ, 1835 and
Odontaspididae indet. The high diversity of invertebrates (molluscs, echinoids,
corals etc.) and other coeval fossil assemblages indicate a warm period (the
Middle Miocene Climatic Optimum), which preceded the Middle Miocene Cli-
matic Transition.

Key words:
Middle Miocene, Badenian,
sharks, Paratethys Sea, Serbia.

Апстракт. У овом чланку сe описују средњомиоценски (баденски) зуби
ајкула из Србије и дискутује о њиховој географској дистрибуцији на
другим локалитетима Централног Паратетиса. Зуби ајкула потичу из
Вишњице (недалеко од Београда), из Вишњичких глина или “Плеуротом -
ских глина”. Разноврсност ајкула је врло ниска, али је по овим фосилима
Вишњица најбогатија међу српским локалитетима. Описани зуби ајкула
припадају следећим таксономима: Otodus (Megaselachus) megalodon
(AGASSIZ, 1835), Hemipristis serra AGASSIZ, 1835, и Odontaspididae indet.
Висока разноврсност бескичмењака (мекушаца, ехиноида, корала) као и
других фосилних заједница указују на топли период (средњомиоценски
климатски оптимум), који је претходио средњомиоценској климатској
транзицији.

Кључне речи:
Средњи миоцен, баден,
ajкуле, море Паратетис,
Србија.



Introduction

Miocene shark teeth from Paratethys are men-
tioned in the literature since the 19th century with
numerous described extinct species (e.g., AGASSIZ,
1843; PROBST, 1878; KOCH, 1903; SCHULTZ, 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; MIKUŽ & ŠOSTER, 2013;
MIKUŽ et al., 2014, 2015, 2017; SZABÓ & 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 replects a broad geo-
graphic distribution in the Central Paratethys Sea.

The fossil shark teeth from Serbia have been
poorly studied in comparison with other fossils (e.g.
ĐURIĆ et al., 2017: RADOVIĆ & BRADIĆ-MILINKOVIĆ, 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 Višnjica and Rako -
vica, from the vicinity of Belgrade, and in eastern Ser-
bia (Golubac), according to MIKINČIĆ (1932), GRUBIĆ

(1958), ANĐELKOVIĆ et al. (1989) and JOVANOVIĆ & TOMIĆ

(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 Višnjica (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 pills 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 Višnjica fauna ap-
pears to be the most diverse. In addition to the taxa
previously reported herein, GRUBIĆ (1958) mentioned
the following species: Carcharodon megalodon AGAS-

SIZ, Lamna cuspidata AGASSIZ

and Lamna (Otodus) appen
diculata AGASSIZ. 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,
it is likely to be a misidenti-
pied taxon. The Miocene shark
teeth from other Serbian lo-
calities, like Rakovica and Go -
lubac, have generally been
assigned to Lamna, or just to
‘pish teeth’ (MIKINČIĆ, 1932;
JOVANOVIĆ & TOMIĆ, 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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Fig. 1. Location of Višnjica locality in: A. Europe; B. Serbia; C. Belgrade area.



the south and the Paratethys in the north (LASKAREV,
1924; RÖGL & STEININGER, 1984; RÖGL, 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 specipic developments in terms of facies and dis-

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 plooded different types
of basement and a normal marine regime occurred
in the area. The related sedimentary deposits are
very rich in fossils. The pirst geological studies in the
area enabled a large number of typical marine taxa
to be reported. In the Višnjica site, the largest group
of taxa is represented by Badenian gastropods from
the so-called ‘Pleurotoma Clay’, or ‘Višnjica Clay’
(LUKOVIĆ, 1922; STEVANOVIĆ, 1977; ANĐELKOVIĆ et al.,
1989) assigned to the Višnjica Clay Formation (ab-
breviated VCF).

The Badenian age of the deposits near Belgrade
is based on the study of foraminiferal assemblages.
It 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) (PETROVIĆ, 1970;

1985). The VCF exposures have been reported in the
Ramadan stream, at its conpluence with the Danube.
The outcrops from the banks of the Danube studied
in the 19th and 20th centuries allowed the collection
of these fossils. However, after the construction of the
dam at hydroelectric power plant “Đerdap” (Iron
Gates), the Danube level rose and these outcrops are
currently plooded.

Material and methods

This study is based on the review of pifteen fossil
shark teeth collected during several past pield works.
The studied shark teeth originate from three distinct
collections, all obtained from the same Badenian de-
posits. The collectors were: Petar Pavlović, at the end
of the 19th century, Petar Stevanović, in 1959, and Ve-
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Fig. 2. A. Geological map of the Višnjica area (after the map 1:100.000 of Serbia, sheet Pančevo, according to IVKOVIĆ et al.

1966, modiFied); B. The map of Central Paratethys (after RÖGL & STEININGER, 1984, modiFied).



limir Milošević, around the mid-20th 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 AGASSIZ 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 depined neck. The lingual side is convex (Fig.
3a), while the labial one is plat (Fig. 3b). The cutting
edge is well preserved and has a pine 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

well preserved, pine 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 plat. 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 (JORDAN & HANNIBAL, 1923; GLICK-
MAN, 1964; SCHULTZ, 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-
pidently 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 & KUMMEL, 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; FLÜGEL & KOLLMANN,
1964; KOLLMANN, 1969; SCHULTZ, 1971; HIDEN, 1995;
RÖGL et al., 2008; SCHULTZ, 2013), the Czech Republic
(SCHULTZ et al., 2010), Hungary (SZABÓ & KOCSIS, 2016),
Slovenia (MIKUŽ, 2000; MIKUŽ & ŠOSTER, 2013; MIKUŽ et
al., 2014, 2015), Croatia (PAUNOVIĆ, 1987), Poland
(PAWLOWSKA, 1960; RADWANSKI, 1965; SCHUFLTZ, 1977,
1979), Slovakia (HOLEC & SABOL, 1996; HOLEC, 2001)
and Romania (TRIF et al., 2016; TRIF & CODREA, 2017).
Sometimes, associated teeth can also be found (see
MIKUZ & ŠOSTER, 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 (RÖGL et al., 2008).

Order Carchariniformes COMPAGNO, 1973
Family Hemigaleidae HASSE, 1879
Genus Hemipristis AGASSIZ, 1843.

Hemipristis serra AGASSIZ, 1835

Material: One tooth (Figs. 3k-n); NHMB: PS 25
The illustrated tooth is an upper anterior. The

crown is bent distally, plat, 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 (SCHULTZ, 1977; BRZOBOHATÝ &

SCHULTZ, 1978; SCHULTZ, 2013; SZABÓ & KOCSIS, 2016;
TRIF & CODREA, 2017) and around the world (MÜLLER,
1999; PURDY et al., 2001; CAPPETTA, 2012). Basically, it
occurs in the same areas mentioned above for O. (M)
megalodon, and it is particularly common in the 
Vienna and Styrian basins.

Family Odontaspididae MÜLLER AND HENLE, 1839

Odontaspididae indet.

Material: Seven teeth (one illustrated in Figs. 
3o-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 propile and the slender
crowns that are characteristic for a tearing type of
dentition indicate that these teeth belong to the

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 Višnjica locality
have been previously reported (GRUBIĆ, 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
plooded 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 (ĆORIĆ et al., 2009; KRSTIĆ et
al., 2012). Therefore, the diversity of the marine
fauna from Višnjica 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
Mureș passageway (CHIRA & MĂRUNTEANU, 1999).

In the Belgrade region, several Badenian litholo -
gical units have been established such as the Rako -
vica Sand, Višnjica Clay, Tašmajdan, Kalemegdan and
Višnjica biogenic limestones (Leitha-type Lime-
stone). Primary analyses were based on the forami -
niferal and molluscan fauna. The foraminiferal fauna
in Višnjica was studied by PAVLOVIĆ (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 conpirmed in the vicinity of Belgrade (PAVLOVIĆ,
1922; LUKOVIĆ, 1922; GRUBIĆ, 1958). Later, foramini -
fera and calcareous nannofossils were studied by
PETROVIĆ (1970), STEVANOVIĆ (1977), MIHAJLOVIĆ &
KNEŽEVIĆ (1989). GRUJIČIĆ (2010) pointed out the ex-
istence of the zone with Spirorutilus carinatus (D’OR-
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BIGNY, 1846). However, the benthic foraminifera
Frondicularia sculpta (KARRER, 1862) and An nulo 
frondicularia annularis (D’ORBIGNY, 1846) from ‘Višn-
jica Clay’ (GRUJIČIĆ, 2010), Austria (FLÜGEL, 1960) and
Romania (POPESCU & CRIHAN, 2004) are indicative for
Early Badenian (Lagenidae Zone). Based on nanno-

fossil assemblages, the first
marine transgression in the
Papuk Mt. (northern Croatia)
according to ĆORIĆ et al.,
(2009) corresponds to the
NN5 Zone. Recently, JOVANOVIĆ

& BOŠNJAK (2016) based on
the presence of some clams
and scaphopods, assumed a
late Early Badenian age. A
main problem is related to the
different interpretations of the
Badenian stage subdivisions,
as well as to the timing of
Badenian marine transgres-
sions in Paratethys (PILLER et
al., 2007; KOVAČ et al., 2007;
PEZELJ et al., 2013; HOHENEGGER

et al., 2014; SANT et al., 2017).
The different taphonomic con-
ditions of the teeth suggest the
origin from different strati-
graphic levels. Additionally, a
biostratigraphic revision is re-
quired for some Badenian lo-
calities (JOVANOVIĆ et al., 2018).
The sediments with shark te -
eth in Serbia were deposited
during the early Middle Mio -
cene (Badenian) transgres-
sion. The Para tethys Sea
plooded 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
(SCHULTZ, 2013; SZABÓ & KOCSIS,
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 (SZABÓ & KOC-
SIS, 2016) (Fig.4). In comparison with other localities
in Croatia, Bosnia and Serbia (southern margin of
Pannonian Basin Systems of Central Paratethys),
Višnjica is richer in shark remains. In addition to the
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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 KRSTIĆ (1978),

MIHAJLOVIĆ & KNEŽEVIĆ (1989), JOVANOVIĆ (2018), modiFied.



taxa herein reported, Grubić (1958) mentioned from
Višnjica 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 Višnjica is
the Odontaspididae documented by seven teeth
which could be identipied 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 Višnjica Clay, besides foraminifera, gastropods
and bivalves, also bears shells of scapho pods, 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

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 Višnjica were inter-
preted by STEVANOVIĆ (1970) as post mortal processes,
the shells having drifted into shallower marine envi-
ronments. Unlike Višnjica, 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 plooding areas located more than 200 km
southern of Belgrade (Koceljeva, Aranđelovac) (AN -
ĐELKOVIĆ 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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Fig. 4. Regional distribution of shark fauna; Otodus (Megaselachus) megalodon Agassiz, 1835 (white circles), Hemipristis

serra Agassiz, 1835 (gray circles), and Odontaspididae Müller and Henle, 1839 (black circles) in Middle Miocene (Baden

ian), sensu SZABÓ & KOCSIS (2016) in the Central Paratethys, modiFied.



(MAROVIĆ et al., 2007, TOLJIĆ 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 (SZABÓ & KOCSIS, 2016). Some remains of Ce
totherium cf. rathkii Brandt, 1843 were also found in
the Badenian deposits of northern Bosnia (STEFANOVIĆ,
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 O. (М.) 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 pish 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 Višnjica however
display different colors and marks of damage that
could be explained by their specipic taphonomy. All the
shark teeth are considered autochthonous. As the
Badenian transgression overlies continental and plu-
vio-lacustrine older deposits, reworking was not pos-
sible. Nowadays, the Višnjica exposure is inaccessible
any more. A single tooth of Otodus (M.) megalodon is
white in color. This specipic 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 Višnjica). 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 propile views (SIVERSSON et al., 2015). 

Conclusion

The shark teeth from VCF document three diffe -
rent families: Otodontidae, Hemigaleidae and Odon-
taspididae, described for the pirst time from the
Badenian of Serbia. The pirst two families are docu-
mented by a single species, i.e. Otodus (Megasela 
chus) megalodon Agassiz and Hemipristis serra
AGASSIZ. 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 pindings 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. Višnjica 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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Резиме

Средњомиоценски зуби ајкула из
јужног обода Панонског басена
(Србија, Централни Паратетис)

Миоценски зуби ајкула из Паратетиса су по -
знати у геолошким радовима још од 19. века.
Најновија истраживања су омогућила процену
разноврсности, као и њихову географску и стра -
тиграфску дистрибуцију (SZABÓ & KOCSIS, 2016). На
подручју јужног обода Панонског басена остаци
миоценских зуба ајкула су релативно ретки и
углавном су представљени врстама које на по -
дручју Централног Паратетиса имају широко
географско распрострањење. Описани таксони
попуњавају празнину у познавању средњомио -
ценске фауне ајкула у овом региону и омогућа -
вају корелације са сличним фаунама из других
локалитета Централног Паратетиса. 

Стратиграфија Формације Вишњичких глина
(VCF) је предмет расправа геолога, и сви ра спо -
ложиви подаци указују на средњомиоценску
старост (баден, кречњачки нанопланктон NN5
зона). Чести налази остатака зуба прилично ве -
ликих ајкула (нпр. Otodus, Cosmopolitodus) у сред -
њем миоцену Централног Паратетиса могли би
бити објашњени обиљем њиховог потен ци јалног
плена, представљеног разним сисарима као што
су китови и делфини. Станиште пре датора Otodus
(Megaselаchus) megalodon као и Hemipristis serra је
била приобална морска сре дина са дубинама које
су могле бити нешто веће од 100 м, на шта указују
и заједнице других фосилних организама. 

У овом раду су први пут описани зуби ајкула из
баденских седимената VCF код Београда (Ср бија),
који припадају трима различитим поро дицама:
Otodontidae, Hemigaleidae и Odontaspididae. Прве

две породице су представљене по једном врстом -
Otodus (Megaselachus) megalodon AGASSIZ и Hemi -
pristis serra AGASSIZ. Примерци Odontaspididae, због
оштећења нису могли бити прецизније од ређени.
Иако је анализиран мали број фосилних остатака,
очигледно је да су у средњомиоценским седимен -
тима Србије биле заступљене космопо литске
врсте ајкула. Можемо закључити да су ови таксо -
ни доказ о везама јужног обода Панонског басена
са другим басенима унутар Централног Парате -
тиса, током бадена. Разноврсност морске фауне
из Вишњице, као и других баденских лока литета,
указује на миграцију фауне из Медите ранског
басена, преко Словеначког коридора у област
јужног обода Панонског басена. Везе су констато -
ване и између Панонског и Трансилва нијског
басена, преко пролаза Муреш (CHIRA, C. & MĂRUNŢE -
ANU, 1999). Ова специфична палеогеогра фија
омогућила је заједничке особине не само у фау -
нама мекушаца (JOVANOVIĆ, 2018), већ и у за једни -
цама морских кичмењака.  Локалитет Ви шњица
је најбогатије налазиште зуба ајкула у Србији,
иако је фосилна асоцијација малобројна. Зуби из
Вишњице су различите боје, а запажена су и ра -
зличита оште ћења, што би могло бити објашње -
но специ фичном тафономијом. Док су налази
ситних Elasmobrachii у другим средњо миоцен -
ским нала зиштима Паратетиса чести (SZABÓ &
KOCSIS, 2016), у српским локалитетима ови остаци
нису пронађени, што не значи да нису били део
баденских заједница, већ да се у до садашњим
истраживањима највероватније није посветила
пажња просејавању веће количине седимената,
што би управо требало да буде циљ будућих
теренских радова у Србији.
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Plate 1.

Selachians from Višnjica, Badenian (NHMB): ad - col. Petar Stevanović – PS 23; eg - Petar Pavlović – K 7050); 

hj: Otodus (Megaselachus) megalodon (col. Petar Stevanović – PS 24); kn: Hemipristis serra (col. Petar Stevanović –

PS 25); or: Odontaspididae indet; a, e, h, k, o (col. Velimir Milošević – KV-P 282); (lingual view; b, f, j, l, p - labial view;

g, h, n - mesial view; d, n - distal view; c - detail of serration).
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