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Abstract A rich and diverse ichthyofauna is described from
the upper Oligocene (Egerian) sands of Máriahalom,
Hungary. The site is dominated by brackish molluscs that
are preserved together with rare marine and terrestrial verte-
brates. Based on the isolated elasmobranch and bony fish
remains, eight sharks, four rays and seven teleost taxa were
identified from Máriahalom. The ichthyofauna represents a
nearshore marine subtropical community dominated by
odontaspidid and carcharhinid sharks and by euryhaline
durophagous sparids and by sciaenid teleost fishes. Epibenthic
feeders were common, whereas piscivorous taxa included bar-
racudas, billfishes and numerous sharks, including the
macropredatory Otodus angustidens. Palaeontological, sedi-
mentological and stratigraphical data indicates a tide-
influenced and fluvial-influenced nearshore palaeoenvironment
with brackish lagoons and normal marine littoral habitats. The
remains of terrestrial, brackish and nearshore marine

invertebrates and vertebrates accumulated in a tidal channel.
The systematics of the ichthyofauna is consistent with the
palaeogeography inferred from invertebrates, i.e. a Central
Paratethys connected to the Mediterranean area during the
Egerian.
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Introduction

The Paratethys was a predominantly epicontinental sea sepa-
rated from the Mediterranean area by the Alpine orogeny dur-
ing the early Oligocene and initially occupying the modern-day
area between theWestern Alps and the Aral Lake (Fig. 1a). The
Central Paratethys covered the Intra-Carpathian region and was
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Fig. 1 a Palaeogeographic sketch map of Europe, with focus on the Paratethys Seas (modified after Harzhauser and Piller 2007). TheMáriahalom site is
indicated by the star symbol. b Oligocene stratigraphic units and their depositional environments (based on Nagymarosy and Sztanó 2014)
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bordered by the Western Paratethys in the Alpine Foreland and
the Eastern Paratethys in the present Ponto-Caspian area
(Popov et al. 2004; Piller et al. 2007). In general, the evolution
of the Paratethys was characterised by a west to east up-filling
and the alternating periods of isolation and re-connection from
and towards the Mediterranean and Boreal Province (Piller
et al. 2007). Isolated phases led to low-salinity (brackish) con-
ditions and the establishment of euryhaline and often endemic
faunas when isolation persisted for a sufficiently long time
(Báldi 1989; Rögl 1998). Periods with oceanic connections,
on the other hand, allowed for the invasion of more global,
normal saline faunas (Rögl 1998; Popov et al. 2004).

Following an early Oligocene isolation and poorly oxygen-
ated phase, normal marine conditions were re-established in
the Paratethys by the late early Oligocene (Báldi 1989; Rögl
1998; Popov et al. 2004). This was due to a newly formed
seaway between the Central Paratethys and the Mediterranean
area that extended across the present area of Slovenia (Rögl
1998; Popov et al. 2004). Faunal exchanges between the two
marine realms are already well documented in the Kiscell
Clay Formation (Báldi 1983; Nagymarosy 1990), and in
younger marine formations of the upper Oligocene (Egerian
stage). The dispersal of Mediterranean and Boreal inverte-
brates into the Central Paratethys is well-recognised (Rögl
and Steininger 1984), while marine vertebrates have been
poorly investigated due to the lack of well-documented fossil
records. Here, we report on a Central Paratethyan marine ver-
tebrate fauna from the upper Oligocene of Hungary and test
whether its composition is consistent with a Central Paratethys
that was open towards the Mediterranean area.

Although the Oligocene of the Intra-Carpathian area is rich
in elasmobranch and bony fishes, only a limited number of
studies deal with them in detail (e.g.Weiler 1933, 1938; Böhm
1942; Solt 1988; Szabó and Kocsis in press). Moreover, a
study of fish otoliths from the Eger Formation is the only work
from the latest Oligocene (Egerian; Nolf and Brzobohaty
1994). We present a detailed taxonomic description of the
elasmobranch and actinopterygian fishes from the late
Oligocene Egerian Máriahalom site. Máriahalom is particular-
ly interesting because it has yielded a predominantly brackish
invertebrate fauna with an underrepresentation of normal ma-
rine taxa (Báldi and Cságoly 1975; Janssen 1982; Báldi 1983)
during a period when normal marine conditions characterised
the Central Paratethys. The systematic and palaeoecological
evaluation of the vertebrate fauna together with the sedimen-
tological and stratigraphical assessment provided herein shed
further light on the palaeoenvironmental conditions at the area.

Locality and stratigraphy

The upper Oligocene Máriahalom locality is a sandpit located
47 km north-west from Budapest (Hungary), along the south-

western side of the road between the villages of Úny and
Máriahalom (Fig. 2a). During the early Oligocene, a large part of
the Transdanubian Range was uplifted and the consequent denu-
dation removed the top part of the Eocene sections,while restrict-
ed, anoxic shales (Tard Clay) were deposited in the deep basin to
theeast (Telegdi-Roth1927;Báldi1983;Kázméretal.2003).Due
to renewed subsidence, the later part of the Kiscellian stage (late
Rupelian; Piller et al. 2007) was characterised by freshwater to
deep marine deposition. To the west, the alluvial Csatka
Formationandthelittoral toneriticHárshegyFormationwithlocal
bauxite, kaolinite and coal accumulations were formed (Sztanó
et al. 1998; Nagymarosy 2012). In the deep basin to the E–SE,
open marine circulation became restored and the Kiscell Clay
accumulated as a bathyal deposit over a vast region (Báldi
1980). During the Egerian stage, sediment input from the west
increased and long-term normal regression resulted in the
interfingering alluvial Csatka and the marginal marine to neritic
TörökbálintFormations (Korpás1981;Nagymarosy and Gyalog
1997; Sztanó et al. 1998) (Fig. 1b). The Máriahalom locality is
part of the Mány Member of the Törökbálint Formation. The
Törökbálint Formation includes deposits from different
palaeoenvironments including brackish to normal marine con-
ditions (Korpás 1981; Nagymarosy 2012). The MányMember,
with a predominantly brackish mollusc community (e.g.
Pirenella, Polymesoda, Potamides, Brotia; Báldi and Cságoly
1975), represents a transition between alluvial and normal ma-
rine conditions and is interpreted as a product of lagoonal en-
vironments (Báldi 1967; Nagymarosy and Gyalog 1997;
Nagymarosy 2012). However, since the Egerian normal regres-
sion is documented at several nearby sections (e.g. Báldi 1983;
Sztanó et al. 1998), the brackish lagoon was possibly part of a
delta plain environment. TheMányMember of the Törökbálint
Formation consists dominantly of calcareous silt and sandstone
with coal string and variegated clay intercalations deposited in a
brackish, shallow water environment. It corresponds to the
Egerian stage based on mollusc biostratigraphy of more than
50 boreholes (Báldi 1967, 1973; Báldi and Cságoly 1975;
Nagymarosy and Gyalog 1997; Báldi et al. 1999).

The age of the basal and lower part of the Egerian stage ap-
pears to correspond to the late and terminal Chattian, while the
upper part of the Egerian can be correlated to the earlyMiocene
(Aquitanian orAquitanian/Burdigalian boundary) based on bio-
stratigraphy and preliminary Sr-isotope stratigraphy data (e.g.
Báldi et al. 1999; Piller et al. 2007; Less et al. 2015). The
Paleogene/Neogene boundary is difficult to detect in the
Egerian stage since the index fossils for the Aquitanian
(Paragloborotalia kugleri) are absent in the Central Paratethys
region (e.g. Báldi et al. 1999; Piller et al. 2007). However, the
Máriahalom site most probably belongs to the lower part of the
Egerianstage (probablyequivalent to theupperOligocenepartof
theEgerian)because thepresenceof theanthracotheriidmammal
Microbunodon minimum (Cuvier, 1822) at the site (Rabi and
Botfalvai 2008) constrains the age to the MP28–MP30 zone of
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Fig. 2 Locality map (a) and schematic stratigraphic section of the Máriahalom vertebrate site (b)
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Fig. 3 Squatina sp. teeth from the Egerian of Máriahalom (Hungary). a
Anterolateral tooth (VER 2016.2593.) in apical view, b in lingual view, c
in labial view and d in basal view. e Anterior tooth (VER 2016.2592.) in

apical view, f in lingual view, g in labial view and h in basal view. Scale
bar 10 mm
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the late Oligocene (late Chattian; Russell et al. 1982; Lihoreau
et al. 2004; Scherler et al. 2013).

The rich mollusc fauna of Máriahalom was classified as a
typical Potamides-Pirenella community, possibly indicating a
brackish lagoon environment although normal marine taxa (e.g.
Glycymeris latiradiata, Mytilus aqutanicus) are also present in
lower abundance (Báldi and Cságoly 1975; Janssen 1982). The
section predominately consists of medium-grained sand, sandy
clay and interbedding sandstone layers. The highly matured
quartz sand is moderately sorted, with very low carbonate con-
tent. The lower part of theMáriahalom section contains 10–12%
of clay, while in the upper part, it is reduced to 2–4%. The most
common sedimentary structure at the upper part of the section of
Máriahalom is the troughcross-stratification that ranges in thick-
ness from 150 to 200 cm, while mud drapes are common at the
lower part of the section indicating some (meso?) tidal influence
(Fig. 2b). According to Báldi and Cságoly (1975), the water
depth did not exceed 2–5 m even at high tides based on the
Potamides-Pirenella community, whereas the size of cross-
bedding points to a minimum depth of 7–15 m and probable
channelization.

The Máriahalom locality yielded fossils of at least 26 ver-
tebrate taxa, including sharks, rays, bony fishes, turtles, croc-
odilians, birds and large mammals, making it the oldest di-
verse vertebrate assemblage from the Cenozoic of Hungary.
The Máriahalom vertebrate assemblage is dominated by iso-
lated teeth and bones of aquatic and semi-aquatic animals,
including several marine taxa, whereas terrestrial mammals
coming from the same bonebed are underrepresented.

All the vertebrate fossils are found isolated, and they have
been collected from almost the entire area of the sandpit area.
However, increased abundance of vertebrate remains is linked
to 2–5-m-wide, 1–1.5-m-thick coquina accumulations, which
are composed almost entirely of transported, abraded and me-
chanically sorted mollusc shells (Rabi and Botfalvai 2008).
Remainsofshallowmarine, freshwater and terrestrialvertebrates
are found together in these lenses, and this fossil accumulation
may have been interpreted as a lag deposit of a tidal channel.

The marked trough cross-stratifications, the coarser grained
sediment, the low clay content and the coquina-like fossil accu-
mulation (including the skeletal elements of terrestrial andma-
rine animals) indicate that the depositional environment was
characterised by high-energy conditions in a shallowwater en-
vironment,where bonesof animals fromdifferent habitatswere
washed into concentrated fossil lenses before the final burial.

Materials and methods

While the remarkably abundant and well-preserved mollusc
assemblage of the Máriahalom sandpit has received consider-
able attention (Báldi 1967, 1973; Báldi and Cságoly 1975;
Janssen 1982), the vertebrate fossils remained undiscovered

until the 1980s, when private collectors began to visit the
locality. The study of the vertebrate remains began to intensify
thanks to excavations conducted between 1999 and 2006
(Rabi and Botfalvai 2008). All of these specimens, consisting
of hundreds of isolated bones and teeth, have been donated to
the vertebrate palaeontological collection of the Hungarian
Natural History Museum (MTM). All of the 565 fish remains
(173 shark, 94 ray and 298 teleost fossils) described herein
have been found isolated, mostly by screening at the
Máriahalom sandpit. Taxonomy of chondrichthyans follows
Cappetta (2012) and Reinecke et al. (2001, 2005, 2014).

Systematic palaeontology

Classis: Chondrichthyes Huxley, 1880
Ordo Squatiniformes De Buen, 1926
Familia Squatinidae Bonaparte, 1838
Genus Squatina Duméril, 1806
Squatina sp.
Fig. 3

Referred material: Five teeth (MTM VER 2016.2591., VER
2016.2592., VER 2016.2593., VER 2016.2601.)

The referred teeth from Máriahalom exhibit a labio-
lingually weakly bent main cusp without lateral cusplets
(Fig. 3). The main cusp is pointed, narrow and convex on
both sides. The cutting edges are smooth. The flattened,
weakly bent or nearly straight root has a triangle-shaped
contour in basal view. The root is widened mesiodistally
and bears a large central foramen on its basal side. The
Máriahalom teeth are indistinguishable from other
Squatina teeth reported from other Oligocene localities in
Europe (e.g. Müller 1996; Baut and Génault 1999;
Reinecke et al. 2014); however, the Máriahalom material
also shows affinities with the species Squatina angeloides.
On the other hand, the conservative evolution of Squatina
dentition makes tooth-based separation of the species often
problematic (Cappetta 2012).

Ordo Lamniformes Berg, 1958
Familia Odontaspididae Müller and Henle, 1839
Odontaspididae indet.

�Fig. 4 Araloselachus cuspidatus teeth from the Egerian of Máriahalom
(Hungary). a Anterior tooth (VER 2016.2586.) in lingual view, b in
profile view and c in labial view. d Upper lateral tooth (VER
2016.2587.) in lingual view, e in mesial view and f in labial view. g
Distal tooth (VER 2016.2561.) in lingual view and h in labial view. i
Parasymphyseal tooth (VER 2015.2585.) in lingual view, j in profile
view and k in labial view. l Parasymphyseal tooth (VER 2016.2570.) in
lingual view, m in profile view and n in labial view. Scale bar 10 mm
>
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Referred material: 54 teeth (MTM VER 2016.2589., VER
2016.2605., VER 2016.2607., VER 2016.2613., VER
2016.2744.)

Many teeth are assigned to odontaspid sharks, based on the
sigmoid shape of the main cusp (in case of anterior files), the
smooth cutting edges and the bifurcated root (see the taxa in
Cappetta 2012). However, due to their poor preservation
(missing root and/or missing lateral cusplets, etc.), these can-
not be identified below family level. The teeth originate from
various positions of the jaw. It remains unclear whether these
teeth belonged to any of the odontaspidid taxa described be-
low or some of them represent separate taxa.

Genus Araloselachus Glikman, 1964
Araloselachus cuspidatus (Agassiz, 1843)
Fig. 4

Synonymy

1843 Lamna cuspidata n. sp.—Agassiz; p. 290, Pl. 37a,
figs. 43–50

1903 Lamna (Odontaspis) cuspidataAg.—Koch; p. 32, Pl. 1,
figs. 13a–13c

1978 Odontaspis (Synodontaspis) cuspidata cuspidata
(Ag.)—Brzobohatý and Schultz; p. 443, Pl. 1, fig. 11

1993 Carcharias cuspidata (Agassiz, 1843)—Baut; p. 4,
figs. 22 and 24

1995 Synodontaspis cuspidata (Agassiz, 1844)—Holec et al.;
p. 40–41, Pl. 11, figs. 2, 4–6 and Pl. 12, fig. 1

1999 Carcharias cuspidata (Agassiz, 1844)—Baut and
Génault; p. 15–16, Pl. 3, figs. 3–6

2001 Carcharias cuspidatus (Agassiz, 1843)—Holec;
p. 121–123, 123; Pl. 1, figs. 5 and 6a and Pl. 2, fig. 1

2003 Carcharias cuspidata Agassiz, 1843—Antunes and
Balbino; p. 142, Pl. 2, fig. 6

2007 Carcharias cuspidatus (Agassiz, 1843)—Kocsis;
p. 32, Pl. 4, figs. 12–13

2010 Carcharias cuspidata (Agassiz, 1843)—Hovestadt
et al.; p. 60, figs. 5–7

2012 Araloselachus cuspidatus (Agassiz, 1843)—Cappetta;
p. 191, fig. 180

2014 Araloselachus cuspidatus (Agassiz, 1843)—Reinecke
et al.; p. 17–20, Pl. 16–18 (with all figures)

Referred material: 42 teeth (MTM VER 2016.2561., VER
2016.2570., VER 2016.2571., VER 2016.2572., VER
2016.2573., VER 2016.2574., VER 2016.2575., VER
2016.2576., VER 2016.2579., VER 2016.2580., VER
2016.2581., VER 2016.2582., VER 2016.2583., VER
2016.2584., VER 2016.2585., VER 2016.2586., VER
2016.2587., VER 2016.2590., VER 2016.2602., VER
2016.2604., VER 2016.2606., VER 2016.2609., VER

2016.2610., VER 2016.2611., VER 2016.2612., VER
2016.2743.)
Remarks: Araloselachus has been considered as a synonym
of Carcharias, but Cappetta (2012) separated it as a different
genus.

A. cuspidatus is the most abundant shark species at the
Máriahalom locality. The teeth are strongly convex on their
lingual side, whereas they are weakly convex or nearly flat on
their labial side. The cutting edges are non-serrated, and the
profile of the cusp is rather straight (see Fig. 4b). The wide
lateral cusplets of anteriors are low, wide and roundish in cross
section, while those of laterals are also wide, but flattened
labiolingually with rounded contour. The root is thick and
massive on all teeth and has two lobes with a well-
developed bulge and transversal groove. Anterior teeth (see
Fig. 4a–c) are high, symmetrical and straight, while upper
laterals are distally bent (see Fig. 4d–f).

We distinguished these teeth from other Máriahalom
odontaspid teeth by their proportions (teeth of A. cuspidatus
aremuchmore robust than thoseof anyother localodontaspids;
the anteriors are wider and more triangular in labial view), the
small and simple lateral cusplets, and by the anterior files that
are not sigmoidal in profile (see Cappetta 2012).

A. cuspidatus is widely known from the Oligocene and
Miocene teeth localities of Europe and North America
(e.g. Cappetta 1987; Holec et al. 1995; Kocsis 2007;
Reinecke et al. 2014).

Genus Carcharias Rafinesque, 1810
Carcharias cf. acutissima (Agassiz, 1843)
Fig. 5

Synonymy

1843 Lamna (Odontaspis) acutissima sp. nov.—Agassiz;
p. 294, Pl. 37a, figs. 33 and 34

1993 Carcharias acutissima (Agassiz, 1844)—Baut;
p. 4, figs. 20, 23 and 25

1999 Synodontaspis acutissima (Agassiz, 1844)—Baut and
Génault; p. 16, Pl. 3, figs. 1 and 2

2001 Carcharias acutissimus (Agassiz, 1844)—Reinecke
et al.; p. 11–13, Pl. 11–15 and Pl. 23, figs. a and b

2010 Carcharias acutissima (Agassiz, 1843)—Hovestadt
et al.; p. 60, figs. 3 and 4

Referred material: 24 teeth (MTM VER 2016.2563., VER
2016.2564., VER 2016.2566., VER 2016.2567., VER

�Fig. 5 Carcharias cf. acutissima teeth from the Egerian of Máriahalom
(Hungary). a Anterior tooth (VER 2016.2569.) in lingual view, b in
profile view and c in labial view. d Upper lateral tooth (VER
2016.2563.) in lingual view, e in profile view and f in labial view. g
Lower anterolateral-lateral tooth (VER 2016.2566.) in lingual view, h in
profile view and i in labial view. Scale bar 10 mm
>
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2016.2569., VER 2016.2578., VER 2016.2588., VER
2016.2608., VER 2016.2740., VER 2016.2755.)

These sand tiger shark teeth are different from those of
Carcharias gustrowensis (see below) in having a striated lin-
gual face on the main cusp. They are also much smaller and
more slender than those of A. cuspidatus. However, the ante-
rior teeth of C. acutissima bear hook-like lateral cusplets that
cannot be observed in the Máriahalom teeth. The teeth are
therefore referred to as C. cf. acutissima until additional spec-
imens will be discovered.

Carcharias gustrowensis (Winkler, 1875)
Fig. 6

Synonymy

1875 Odontaspis gustrowensis n. sp.—Winkler; p. 98,
Pl. 2, figs. 1 and 2

1999 Synodontaspis acutissima (Agassiz, 1844)—Baut and
Génault; p. 16, Pl. 3, fig. 1

2005 Carcharias gustrowensis (Winkler, 1875)—Reinecke
et al.; p. 19–23, Pl. 13–14 (with all figures)

2010 Carcharias gustrowensis (Winkler, 1875)—Hovestadt
and Hovestadt-Euler; p. 88–90, fig. 6

2010 Carcharias gustrowensis (Winkler, 1875)—Hovestadt
et al.; p. 60, fig. 33C–U

2014 Carcharias gustrowensis (Winkler, 1875)—Reinecke
et al.; p. 15–17, Pl. 12–15 (with all figures) and
Pl. 19, figs. 1–8

Referredmaterial: three teeth (MTMVER 2016.2562., VER
2016.2565., VER 2016.2577.)

The lack of striae on the lingual face of the crown has been
mentioned by several authors as a character ofC. gustrowensis
(e.g. Haye et al. 2008; Cicimurri and Knight 2009; Hovestadt
and Hovestadt-Euler 2010; Hovestadt et al. 2010), and in this
feature, the herein referred teeth differ from those of
C. acutissima (e.g. see Kocsis 2007; Hovestadt et al. 2010).
The teeth bear one or two pairs of pointed, spike-like lateral
cusplets that are nearly straight in labiolingual view. Due to
the latter feature, it is also easy to distinguish the remains from
those of C. acutissima, which are characterised by shorter and
hooked cusplets. The cusplets diverge from the main cusp.
When two pairs of cusplets are present, the first pair is larger
than the second, external pair. The cusplets of anterior teeth
are labiolingually bent. The root is strongly bifurcated with a
large nutritive groove and central bulge. The anterior teeth are

symmetrical or nearly symmetrical (Fig. 6), with a slender
main cusp, sigmoid in lateral view.

C. gustrowensis waswidely distributed in the Paratethys and
North Sea Basin from the late Oligocene to the early–middle
Miocene, and it seems to occur in the Chattian—early
Aquitanian of Virginia (USA) as well (Reinecke et al. 2005,
2014; Haye et al. 2008).

Familia Lamnidae Müller and Henle, 1838
Genus Carcharoides Ameghino, 1901
Carcharoides catticus (Philippi, 1846)
Fig. 7a–c

Synonymy

1846 Otodus catticus n. sp.—Philippi; p. 24, Pl. 2, figs. 5–7
1879 Otodus debilis n. sp.—Probst; p. 155, Pl. 2, figs. 78–81
1903 Lamna cfr. compressa, Ag.—Koch; p. 33–34, Pl. 1, fig. 17
1934 Lamna cattica Philippi—Rocabert; p. 84–87, Pl. 1, fig. 17
1995Carcharoides catticus (Philippi, 1846)—Holec et al.; p. 42,

Pl. 12, fig. 2
2005Carcharoides catticus (Philippi, 1846)—Reinecke et al.;

p. 28–30, Pl. 19, figs. 3–6
2007 Carcharoides catticus (Philippi, 1851)—Kocsis; p. 33,

figs. 5.1–5.3
2011 Carcharoides catticus (von Philippi, 1846)—Vialle et al.;

p. 246, fig. 2.10
2012 Carcharoides catticus (Philippi, 1846)—Otero et al.;

p. 188–189, figs. 3:I-K
2013 Carcharoides catticus (Philippi, 1846)—Otero et al.;

p. 18, figs. 3:16–21
2014Carcharoides catticus (Philippi, 1846)—Reinecke et al.;
p. 20, Pl. 20, figs. 1–6

Referred material: two teeth (MTM VER 2016.2568., VER
2016.2741.)

The teeth ofC. catticus fromMáriahalom have a nearly flat
labial face, while the lingual face is slightly convex on both
specimens. The enamel surface does not bear any striation.
The labiolingually flattened, pointed main crown shows
smooth cutting edges running from the apex to the root-
crown boundary both on the mesial and distal side. The flat,
thin root is bifurcated and bears a well-developed central
bulge with a transversal groove on the lingual side. The
cusplets of the upper laterals are mostly triangular in shape;
however, this could vary intraspecifically (see Verwey 2013).
C. catticus can be distinguished from Carcharoides
totuserratus by its distribution and by its smooth cutting edges
(Cappetta 2012).

All features of the upper lateral teeth of C. catticus are
clearly visible in MTM VER 2016.2568, and of those of C.
catticus anterior files in MTM VER 2016.2741. We assign
these teeth to the species C. catticus based on their smooth

�Fig. 6 Carcharias gustrowensis teeth from the Chattian of Máriahalom
(Hungary). a Anterior tooth (VER 2016.2562.) in lingual view, b in
profile view and c in labial view. d Anterior tooth (VER 2016.2565.) in
lingual view, e in profile view and f in labial view. Scale bar 10 mm
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cutting edges. This species has been reported as BLamna
cattica^ from the Rupelian of the Buda Hills (Weiler 1933,
1938; Földváry 1988; Szabó and Kocsis in press), representing
one of the oldest records of the species (according to Reinecke
et al. 2014). C. catticus has been reported almost exclusively
from the lower Oligocene–middle Miocene deposits of western
Africa and Europe (Cappetta 1987; Reinecke et al. 2014); how-
ever, this species has been reported also from the middle to late
Eocene of Chile (Otero et al. 2012, 2013).

Genus Cosmopolitodus Glikman, 1964
Cosmopolitodus sp.
Fig. 7d–f

Referred material: four teeth (MTM VER 2016.2756., VER
2016.2757., VER 2016.2758., VER 2016.2759.)

The teeth are triangular in labiolingual view, with pointed
tip and smooth cutting edge both mesially and distally; the tip
is pointed. The crown is weakly convex on the lingual side,
while flat on the labial side. The surface of the crown is
smooth, without any striation-like pattern. The root runs
mesiodistally; a nutritive foramen is visible. The teeth of the
upper jaw are wider at the base and straighter in mesiodistal
view, while the lower teeth are narrower and weakly bent
labiolingually (dignathic heterodonty). The upper teeth have
weekly bilobate roots, compared to those of lower teeth that
are notably bilobate. Upper and lower anteriors are symmetri-
cal, whereas the crowns of anterolateral to distal teeth gradu-
ally bend distally (Cappetta 2012).

Several mako and thresher shark species are known from the
Oligocene of Europe, for which the characters of the root and
the presence or absence of lateral cusplets represent relevant
diagnostic features (Cappetta 2012). The extinct species for-
merly referred to the genus Isurus have been separated into
different genera: Cosmopolitodus, Isurus (both Lamnidae) and
Anotodus (Alopiidae) (Cappetta 2012). Since the morphology
of the crown of the Máriahalom teeth is consistent with that of
the European Oligocene-Miocene reports of Cosmopolitodus,
they are tentatively referred to Cosmopolitodus.

Familia Otodontidae Glikman 1964
Genus Otodus Agassiz, 1843
Subgenus Otodus (Carcharocles) Jordan and Hannibal, 1923
Otodus (Carcharocles) angustidens (Agassiz, 1843)
Fig. 7g, h

Synonymy

1843 Carcharodon angustidens n. sp.—Agassiz; p. 255,
Pl. 28, figs. 20–25 and Pl. 30, fig. 3

1993 Carcharocles angustidens (Agassiz, 1843)—Baut;
p. 5, figs. 12–15

1999 Carcharocles angustidens (Agassiz, 1843)—Baut and
Génault; p. 25–26, figs. 12–13 and Pl. 4, fig. 11

2001 Carcharodon angustidens (Agassiz, 1843)—Gottfried
and Fordyce; p. 731–735, figs. 3A–R

2001 Carcharocles angustidens (Agassiz, 1843)—Reinecke
et al.; p. 19–20, Pl. 28–30

2005 Carcharocles angustidens (Agassiz, 1843)—Reinecke
et al.; p. 35–36, Pl. 20, figs. 7–9

2014 Otodus (Carcharocles) sp.—Reinecke et al.; p. 23,
Pl. 22, fig. 2

Referred material: one tooth (MTM VER 2016.2560)
The teeth of this species are composed of a massive root, an

enlarged main crown and two lateral cusplets. The lingual face
is convex, while the labial face is typically flat. The cutting
edges are irregularly serrated; they extend from the apex to the
base of the crown, and sometimes fuse with those of the
cusplets with a notch-like boundary. The main crown of the
anterior teeth has a high, nearly symmetric, triangular contour,
while that of the laterals is strongly bent distally. The distal
teeth are the apicobasally lowest teeth in the dentition. The
shape of the serrated lateral denticles varies from triangular to
semi-circular (see Yabumoto 1987, pl. 4; Gottfried and
Fordyce 2001, fig. 4). The root is thick and bifurcated in the
anterior to lateral teeth, but less developed and rather bulbous-
like in the distal teeth.

Based on the irregularly serrated cutting edge, we refer
specimen MTM VER 2016.2560 to O. (Carcharocles)
angustidens. Despite its incompleteness, the single collected
specimen from Máriahalom exhibits all the typical features of
the distal teeth, particularly that of the right lower distal de-
scribed by Gottfried and Fordyce (2001).

This species has been previously reported from Hungary,
from the Kiscell Clay (Rupelian) of the Buda Hills
(Hungary) (Weiler 1933, 1938; Földváry 1988; Szabó and
Kocsis in press). Otodus (Carcharocles) becomes uncom-
mon in the upper Oligocene. The subgenus includes many
species, among them O. (Carcharocles) angustidens, which
persists till the base of the Miocene (Cappetta 2012).
O. (Carharocles) angustidens is a well-known shark species
also documented by associated skeletal remains (Gottfried
and Fordyce 2001). This species is known from the
Oligocene to the Miocene (Cappetta 2012; Reinecke et al.
2014).

Ordo Carcharhiniformes Compagno, 1973
Familia Carcharhinidae Jordan and Evermann, 1896

�Fig. 7 Lamnid and otodontid teeth from the Egerian of Máriahalom
(Hungary). a Carcharoides catticus upper lateral tooth (VER
2016.2568.) in lingual view, b in mesial view and c in labial view. d
Cosmopolitodus sp. upper anteriolateral/lateral tooth (VER 2016.2756.)
in lingual view, e in mesial view and f in labial view. g Otodus
(Carcharocles) angustidens distal tooth (VER 2016.2560.) in lingual
view and h in labial view. Scale bars 10 mm
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Carcharhinidae indet.

Referred material: Five teeth (MTM VER 2016.2594.)
These tooth crowns belong to the family Carcharhinidae,

most probably to a species with a close relation to
Carcharhinus, because of the simple, pointed crown with
nearly flat lingual and smoothly convex labial face.
However, due their missing root lobes and enamel shoulders,
they cannot be identified at the generic and specific level
because of the large variability of the dentition of the
carcharhinid genera (see details in Cappetta 2012).

Genus Carcharhinus Blainville, 1826
Carcharhinus elongatus (Leriche, 1910)
Fig. 8a–j

Synonymy

1910 Sphyrna elongata n. sp.—Leriche; p. 300, Pl. 19,
figs. 26–30

1993 Carcharhinus elongatus (Leriche, 1910)—Baut; p. 5–6,
fig. 29

1999 Carcharhinus elongatus (Leriche, 1910)—Baut and
Génault; p. 31–32, Pl. 6, fig. 4

2001 Carcharhinus elongatus (Leriche, 1910)—Reinecke et al.;
p. 32–33, Pl. 50–53 (with all figures)

2005 Carcharhinus elongatus (Leriche, 1910)—Reinecke et al.;
p. 52–53, Pl. 38–39 (with all figures) and Pl. 44,
figs. 1 and 2

Referred material: 31 teeth (MTM VER 2016.2595., VER
2016.2596., VER 2016.2597., VER 2016.2598., VER
2016.2599., VER 2016.2600., VER 2016.2603., VER
2016.2742.)

Since the morphology of the lower teeth is rather conser-
vative within the genus Carcharhinus, the taxonomy at the
species level is primarily based on the elements of their upper
dentition (see, e.g. Kocsis 2007; Marsili et al. 2007).

All the Máriahalom requiem shark teeth exhibit a convex
lingual and a flat labial face and are characterised by a pointed
main crownwithout lateral cusplets. The teeth are mostly wider

than high or sometimes their height nearly equals their width
(especially in the anterior teeth). The root is projected
mesiodistally, and it bears a transversal groove and clearly vis-
ible enamel shoulders. The cutting edges are strongly serrated
on the enamel shoulders with the serration gradually
disappearing towards the tip of the crown. The upper anterior
teeth have a narrow, triangular main cusp, whereas the main
crown bends distally from lateral teeth to distal teeth. The lower
dentition includes teeth with slightly bent, narrow main cusp.

The C. elongatus teeth from Máriahalom are variable both
in size and shape and therefore represent both the lower and
the upper dentition in several positions. The crowns of the
teeth are somewhat wider and more robust than in
Carcharhinus gibbesi, which is another common species
found in the European Oligocene and thought to be a transi-
tional species towards the common Miocene Carcharhinus
priscus (Reinecke et al. 2014). C. elongatus has been mainly
reported from Rupelian deposits of north-western Europe
(Reinecke et al. 2014).

Carcharhinus sp.
Fig. 8k–n

Referred material: two vertebrae (MTM VER 2016.2614.,
VER 2016.2615.)

Two shark vertebrae, assigned to Carcharhinus sp., have
been collected from the Máriahalom site. They show diagnos-
tic features of the centra of Carcharhinus defined by Kozuch
and Fitzgerald (1989). The centra are aseptate, covered by
scattered large pores on the sides of the foramina. The dorsal
and ventral foramina are oval to circular and do not extend to
the rims of the centra. The concave articular surfaces show
visual concentric annuli. Both specimens show a cylindrical
shape in dorsal view and an overall rounded outline in the
view of the articular surface (the latter feature is notably dif-
ferent in the vertebrae of Galeocerdo).

Similar shark centra have been reported by Purdy et al.
(2001), and referred to Carcharhinus.

Ordo Myliobatiformes Compagno, 1973
Myliobatiformes indet.

Referred material: 56 teeth (MTM VER 2016.2622., VER
2016.2623., VER 2016.2624., VER 2016.2626., VER
2016.2627., VER 2016. 2628., VER 2016.2629., VER
2016.2630., VER 2016.2631., VER 2016.2634., VER
2016.2636., VER 2016.2637., VER 2016.2640., VER
2016.2642., VER 2016.2643., VER 2016.2644., VER
2016.2645., VER 2016.2646., VER 2016.2647., VER
2016.2650., VER 2016.2651., VER 2016.2652., VER
2016.2653., VER 2016.2657., VER 2016.2658., VER
2016.2660., VER 2016.2661., VER 2016.2662., VER
2016.2663., VER 2016.2664., VER 2016.2667., VER

�Fig. 8 Carcharhinid remains from the Egerian of Máriahalom
(Hungary). a Carcharhinus elongatus anterolateral tooth (VER
2016.2603.) in lingual view and b in labial view. c Carcharhinus
elongatus anterolateral tooth (VER 2016.2598.) in lingual view and d
in labial view. e Carcharhinus elongatus anterior tooth (VER
2016.2600.) in lingual view and f in labial view. g Carcharhinus
elongatus anterolateral tooth (VER 2016.2599.) in lingual view and h
in labial view. i Carcharhinus elongatus anterolateral tooth (VER
2016.2597.) in lingual view and j in labial view. k Carcharhinus sp.
vertebra (VER 2016.2615.) in the view of the articulation surface and l
in dorsal view. m Carcharhinus sp. vertebra (VER 2016.2614.) in the
view of the articulation surface and n in dorsal view. Scale bars 10 mm
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2016.2669., VER 2016.2670., VER 2016.2671., VER
2016.2672., VER 2016.2674., VER 2016.2675., VER
2016.2677., VER 2016.2678., VER 2016.2682., VER
2016.2684., VER 2016.2687., VER 2016.2688., VER
2016.2689., VER 2016.2690., VER 2016.2691., VER
2016.2692., VER 2016.2693., VER 2016.2694., VER
2016.2697., VER 2016.2699., VER 2016.2700., VER
2016.2701., VER 2016.2702., VER 2016.2703., VER
2016.2704.), 6 tail-spine fragments (VER 2016.2616., VER
2016.2617., VER 2016.2618., VER 2015.2619., VER
2016.2711., VER 2016.2738.).

Due to inadequate preservation, these remains cannot be
properly identified and are referred to as indeterminate
myliobatiform tooth remains, based on their grinding-type mor-
phology, their hexagonal occlusal face and their polyaulacorhize
root (Cappetta 2012). It remains unclear whether these teeth
belonged to any of the myliobatiform families described below
or some of them represent other taxa.

Familia Myliobatidae Bonaparte, 1838
Genus Aetomylaeus Garman, 1908
Aetomylaeus sp.
Fig. 9a–f

Referred material: 11 teeth (MTM VER 2016.2620., VER
2016.2621., VER 2016.2625., VER 2016.2633., VER
2016.2649., VER 2016.2654., VER 2016.2659., VER
2016.2686., VER 2016.2735., VER 2016.2736., VER
2016.2737.)

The genera of Aetomylaeus and Pteromylaeus have been
traditionally regarded as separate (e.g. Cappetta 2012); how-
ever, a recent systematic analysis suggests that Pteromylaeus
is a junior synonym of Aetomylaeus (White 2014). Since their
teeth are very similar, the latter hypothesis is followed herein.
The dentition of Aetomylaeus is also similar to that of
Myliobatis, and significant morphological differences can be
better observed in the lower dentitions. Aetomylaeus typically
has seven anteroposterior tooth rows: one medial (or central)
and three-three laterals on both sides (Cappetta 2012). The
medial files are arched (not as in Myliobatis). The root and
the crown of the medial files are thicker medially than

laterally, and it is oblique in lateral view. The labial side bears
a rich ornamentation, which consists of a dense network of
ridges and depressions. The lateral series include asymmetri-
cal teeth with polygonal contour (four to six sides) in occlusal
view. The backward directed root is not very high; it has
oblique labial and lingual faces.

The genus Aetomylaeus is known from the middle
Miocene, but its appearance in the fossil record could have
been much earlier, since their teeth have been often confused
with those of Myliobatis spp. (Cappetta 2012).

Genus Myliobatis Cuvier, 1816
Myliobatis sp.
Fig. 9g–m

Referredmaterial:Nine teeth (MTMVER 2016.2638., VER
2016.2639., VER 2016.2641., VER 2016.2655., VER
2016.2656., VER 2016.2665., VER 2016.2680., VER
2016.2681., VER 2016.2683.)

Many tooth plates of Myliobatis have been discovered in
the Máriahalom site. The medial teeth are straight and
mediolaterally widened, with angled lateral edges. The lateral
teeth are longer than broad, with an occlusally hexagonal con-
tour. Most externals are pentagonal to triangular in occlusal
view. The central teeth are only weakly convex in labial view
(Cappetta 2012). The root consists of numerous, mediolaterally
flattened, parallel lobes. These teeth were distinguished from
those of Rhinoptera (see below) by having a relatively lower
crown, different root lobe proportions and tooth connection
structure.

Remains of the genusMyliobatis are rather common fossils
of Cenozoic marine deposits worldwide (Cappetta 2012).
Myliobatis has been reported from several Oligocene localities
in Europe (see Baut 1993; Baut and Génault 1999; Hovestadt
et al. 2010; Reinecke et al. 2001, 2005, 2014).

Familia Rhinopteridae Jordan and Evermann, 1896
Genus Rhinoptera Cuvier, 1829
Rhinoptera cf. schultzi Hiden, 1995
Fig. 9n–q

Synonymy

1995 Rhinoptera schultzi n. sp.—Hiden; p. 76–77., Pl. 9,
figs. 1 and 2

2015 Rhinoptera schultzi Hiden, 1995—Reinecke and
Radwański; p. 16, Pl. 8, figs. C–G

Referred material: nine teeth (MTM VER 2016.2632., VER
2016.2635., VER 2016.2648., VER 2016.2666., VER
2016.2668., VER 2016.2673., VER 2016.2679., VER
2016.2685., VER 2016.2698.)

Among other characters, teeth of Rhinoptera differ from
those of Myliobatis in the absence of a distinct shelf at the

�Fig. 9 Myliobatiform tooth plates from the Egerian of Máriahalom
(Hungary). a Aetomylaeus sp. lower medial tooth (VER 2016.2620.) in
occlusal view, b in lingual view and c in basal view. d Aetomylaeus sp.
upper medial tooth (VER 2016.2735.) in occlusal view, e in labial view
and f in basal view. g Myliobatis sp. medial tooth (VER 2016.2656.) in
occlusal view, h in lingual view and i in basal view. j Myliobatis sp.
medial tooth (VER 2016.2655.) in occlusal view, k in basal view, l in
lingual view and m in cross-sectional view. n Rhinoptera schultzi lateral
tooth (VER 2016.2648.) in occlusal view, o in basal view, p in lateral
view and q in lingual view. r Rhinoptera studeri medial tooth (VER
2016.2695.) in occlusal view, s in lingual view, t in labial view and u in
lateral view. Scale bars 10 mm
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crown base and in having more regular hexagonal outline in
occlusal view (Reinecke and Radwański 2015).

The Máriahalom teeth assigned to R. cf. schultzi are hex-
agonal in occlusal view; the occlusal surface is labiolingually
flat and shows a weakly granulated ornamentation. The lateral
ends are weakly concave. The root is somewhat lower
apicobasally than the crown. Due to the preservation, the num-
ber of the root lobes cannot be counted (the holotype bears 25
lobes; Hiden 1995). More specimens are necessary to confirm
the specific assignment of the material.

R. schultzi differs from Rhinoptera studeri (the other
Rhinoptera species unearthed at the Máriahalom site, see be-
low) in having a much thinner crown, smaller width/length
ratio and in the absence of ornamentation of the labial and
lingual face (Hiden 1995). According to the data of Hiden
(1995), R. schultzi has teeth smaller than those of R. studeri
(this can be seen in the Máriahalom material as well). The
differences between the proportions of the teeth of the two
taxa can be easily observed in lateral view (see Fig. 9p, u—
and Hiden 1995, text—Fig. 11).

Rhinoptera cf. studeri (Agassiz, 1843)
Fig. 9r–u

Synonymy

1843 Zygobates studeri n. sp.—Agassiz; p. 329, Tab. R,
figs. 3–5

1927 Rhinoptera studeri—Leriche; p.42, Taf.6, fig. I-6
1995 Rhinoptera studeri (Agassiz, 1843)—Hiden; p. 77–78.,

Taf. 3, fig. 9
1970 Rhinoptera cf. studeri—Cappetta; Pl. 24, figs. 3–5

Referred material: Three teeth (MTM VER 2016.2676.,
VER 2016.2695., VER 2016.2696.)

The labial and lingual sides of the teeth are ornamented
with wrinkles. Their crown is high in labiolingual and lateral
views, and the lateral edges are angled in occlusal view. The
massive and rounded lingual basal ridge is similar to that of
R. schultzi. In the lateral teeth, the greatest height of the crown
changes from themiddle part of the tooth to its lateral margins.

R. studeri has been described from the lower Miocene de-
posits of Switzerland, France and Austria (Hiden 1995). A
further possible occurrence has been mentioned from the up-
per Oligocene Chandler Bridge Formation from South
Carolina, USA (Cicimurri and Knight 2009); however, these
teeth have much lower tooth crowns compared to R. studeri.
The genus is known since the Paleocene, and it is still living
today in tropical seas (Cappetta 2012). The species R. schultzi
was described by Hiden (1995) from the Austrian Styrian
Basin, where it occurred sympatrically with R. studeri.

Class Osteichthyes sensu Nelson, 2006
Division Percomorphacea Wiley and Johnson, 2010
Order Perciformes Bleeker, 1859
Family Moronidae Jordan and Evermann, 1896
aff. Morone sp.
Fig. 10a

Referred material: One saccular otolith (MTM VER
2016.2750).

The otolith is moderately elongate, with a well-developed
rostrum and no antirostrum. The ventral margin is regularly
curved. The dorsal margin is characterised by a wide predorsal
angle and a rounded postdorsal angle. The posterior tip is
blunt. The sulcus is supramedian, with the ostium being two
times as wide as the cauda. The tip of the cauda is moderately
downturned. The dorsal depression is poorly developed.

The overall morphology of the otolith is in many ways
reminiscent to that of certain species of the genus Morone
(see Schwarzhans 2010; Nolf 2013).

Family Sparidae Bonaparte, 1832
Gen. et sp. indeterminate 1
Fig. 10b, c

Referred material: 25 premaxillae (MTM VER 2016.2728.,
VER 2016.2734.), 19 dentaries (MTM VER 2729., VER
2016.2730., VER 2016.2764.).

The best preserved specimens consist of a partially com-
plete left premaxilla lacking the distal portion of the ascending
process (MTM VER 2016.2728.; Fig. 10b) and a partially
complete left dentary (MTM VER 2016.2729., Fig. 10c).
Specimen MTM VER 2016.2728. is characterised by a rela-
tively short, laterally expanded and obliquely oriented alveo-
lar process that terminates distally in a pointed tip. The as-
cending (plus coalesced articular) process is robust and bears
a shallow medial crest. Rounded molariform teeth of various
sizes are primarily represented by their sockets. A single and
very large kidney-shaped tooth is located at the posteromedial
corner of the dentigerous portion of the alveolar process.

Like the premaxilla, the dentary (best preserved specimen:
MTMVER2016.2729.; Fig. 10c) is relatively short with a com-
pact dentigerous portion. The dentigerous horizontal arm

�Fig. 10 Teleost remains from the Egerian of Máriahalom (Hungary). a
aff.Morone sp. saccular otolith (VER 2016.2750.), inner face. b Sparidae
gen. et sp. indet. 1, left premaxilla (VER 2016.2728.) in medial view and
c left dentary (VER 2016.2729.) in medial view. d Sparidae gen. et sp.
indet. 2, right premaxillary (VER 2016.2732.) inmedial view. e, f Sciaena
sp. saccular otoliths, inner faces (e VER 2016.2747., f VER 2016.2746.).
g Sphyraena sp. anterior tooth (VER 2016.2726.). h–k Aglyptorhynchus
sp. rostral fragments: hVER 2016.2707. in lateral view, i in occlusal view
and j in anterior view; k VER 2016.2745. in posterior view; l
Aglyptorhynchus sp. preural vertebra (VER 2016.2739.) in lateral view
and m in anterior view. n Trichiuridae gen. et sp. indet. tooth (VER
2016.2722.). Scale bars: a 3 mm; b–d, h, i, l,m 10mm; e–g, j, k, n 5mm
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exhibits a distally curved posterior tip. The dentary teeth are
consistent with those of the premaxillary, including the single
large kidney-shaped tooth; the latter occupies the posteromedial
corner of the dentigerous area.

The overall morphology of the jaw bones as well as the
dentition pattern are in many ways reminiscent of those of cer-
tain extant and extinct species of the genus Sparus (see, e.g.
Jonet 1975; Schultz et al. 2010). However, the incompleteness
of the specimens, including the absence of most of the teeth,
does not allow a precise taxonomic determination. In any case,
as demonstrated by Santini et al. (2014), durophagy appeared
multiple times as a result of convergent radiations since the
Oligocene, thereby suggesting that the morphology of jaws
and teeth cannot be considered as diagnostic without additional
osteological information (see also Marsili et al. 2007).

Gen. et sp. indeterminate 2
Fig. 10d

Referredmaterial:One premaxilla (MTMVER 2016.2732.).
The available specimen (MTMVER 2016.2732.; Fig. 10d)

consists of a single alveolar process of a right premaxilla bear-
ing a number of sockets of molariform teeth of variable size
approximately arranged into three parallel rows. The
dentigerous area is well developed. The alveolar process ter-
minates posteriorly in a blunt tip.

As discussed above, the incompleteness of the fossil, in-
cluding the absence of the teeth, does not allow a precise
taxonomic assignment. The specimen is therefore referred to
an indeterminate species of the family Sparidae.

Family Sciaenidae Cuvier, 1829
Genus Sciaena Linnaeus, 1758
Sciaena sp.
Fig. 10e, f

Referred material: 22 saccular otoliths (MTM VER
2016.2710., VER 2016.2746., VER 2016.2747., VER
2016.2748.).

The otoliths are compressed with a remarkably blunt an-
terior margin. The ostium is considerably large, and the
cauda is steeply curved. The Oligocene otoliths described
herein differ from those of other extant and fossil species of
the genus Sciaena in having the tip of the cauda extending
ventrally at the same level as the ventralmost margin of the
ostium. Moreover, the maximum depth of the otoliths is
located at the level of the ostial-caudal interspace or of the
downturned portion of the cauda (see Schwarzhans 1993;
Nolf 2013).

A single otolith belonging to an indeterminate species of
the genus Sciaena has been reported by Nolf and Brzobohaty
(1994) from the upper Oligocene Eger Formation.

Family Sphyraenidae Rafinesque, 1815
Genus Sphyraena Röse, 1793
Sphyraena sp.
Fig. 10g

Referred material: 25 isolated teeth (MTM VER
2016.2725., VER 2016.2726., VER 2015.2727.).

The teeth are nearly triangular, laterally compressed and
with a distal cutting edge. The crown exhibits discontinuous
vertical striae and delicate crenulations. The anterior premax-
illary teeth (Fig. 10g) bear a poorly developed postapical barb
(see Nishimoto and Ohe 1982).

A large part of the extant barracuda lineages diversified
during the Oligocene (Santini et al. 2015). The morphology
of the teeth seems to be strongly conservative within the genus
Sphyraena. As a consequence, it is not possible to define the
affinity of the fossils documented herein at the species level.

Family Palaeorhynchidae Günther, 1880
Genus Aglyptorhynchus Casier, 1966
Aglyptorhynchus sp.
Fig. 10h–m

Referred material: three incomplete rostra, lacking both the
proximal and distal portions (MTM VER 2016.2707., VER
2016.2708., VER 2016.2745.) 1 preural vertebra (VER
2016.2739.).

Billfishes of the genus Aglyptorhynchus comprise about
ten species with a mobile rostrum that occupied a variety of
environmental contexts from the early Eocene to the middle
Miocene (e.g. Fierstine 2006). At least six Aglyptorhynchus
species are known from the Oligocene of North America and
Europe (Fierstine and Weems 2009).

The rostra (fused premaxillae; Fig. 10h–k) contain two
pairs of large nutrient canals; the size of the nutrient canals
is reduced anteriorly where they are almost fused into a single
canal with an irregular profile. In cross section, the rostra are
horseshoe shaped both proximally and distally, with a depth/
width ratio close to 1. The dorsal and lateral surface of the
premaxillae is characterised by a number of longitudinal
ridges, separated from each other by narrow sulci. The ventral
surface of each premaxilla bears a band of villiform denticles,
in many cases solely represented by their sockets; each band
comprises four to seven denticles (or their sockets) through its
width. A relatively broad and medially convex edentulous
area separates the two contralateral dentigerous bands.

The single available caudal vertebra (Fig. 10l, m) is very
similar to the fourth preural vertebra described by Fierstine
and Weems (2009) from the late Oligocene Chandler Bridge
Formation, South Carolina, which was assigned to an indeter-
minate species of Aglyptorhynchus. The centrum is
anteroposteriorly shortened and dorsoventrally compressed.
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The dorsal and ventral prezygapophyses are massive; the dor-
sal one considerably is larger. Postzygapophyses are absent.
The neural spine is incomplete, but certainly shorter than the
haemal spine. The distal tip of the haemal spine is blunt. The
outer surface of the vertebrae is finely ornamented by delicate
ridges and furrows. Two small circular fossae can be observed
along the lateral surface of the vertebral centrum.

The taxonomic status of these Aglyptorhynchus remains is
difficult to define. The overall physiognomy of the rostra
(particularly the size and morphology of the bands of villi-
form denticles along the ventral surface of each premaxilla) is
very similar to that of the Oligocene species Aglyptorhynchus
denticulatus from Belgium (see Leriche 1909; Fierstine
2005; Fierstine and Weems 2009), from which they differ
in having four large rather than two small nutrient canals.
However, additional comparative information would be nec-
essary to conclusively demonstrate the separate taxonomic
status of the specimens documented herein. For this reason,
we prefer to postpone the definition of a new taxon until
better preserved, and more complete specimens will be avail-
able.

Family Trichiuridae Rafinesque, 1815
Gen. et sp. indeterminate
Fig. 10n

Referred material: Three isolated teeth (MTM VER
2016.2721., VER 2016.2722.).

The available material consists of almost straight, elongate,
slender and laterally slightly compressed premaxillary fangs
with sagittate tips; the postapical barb of these fangs is always
well developed.

Elongate fangs with barbs are present in several cutlassfish
species of the genera Anenchelum, Eupleurogrammus,
Lepidopus, Lepturacanthus and Trichiurus (see, e.g. Nakamura
and Parin 1993; Bannikov and Parin 1995; Gago 1997).

Discussion

Based on the available sedimentological (e.g. shallow water,
high-energy conditions, possible tidal influence), palaeonto-
logical and taphonomical data (e.g. brackish, normal marine
and terrestrial animals are found together in the same horizon),
theMáriahalomsiteprobably representsachannel fill (Fig.11). It
mighthavebeen formedona tidal flat or adeltaplainembayment
where the tidal influence was an important factor. This tidally
influenced lagoonmight have been partially enclosed by barrier
islands on its seaward side (Báldi and Cságoly 1975) but might
have been connected to a delta on its landward side (based on the
statigraphical position and sedimentological data). Interpreting
thebroaderpalaeoenvironment is challengingat themoment and
requires detailed sedimentological studies.

TheMáriahalom localityyielded amoderatelydiverse, normal
marine littoral fish fauna, including eight shark, four batoid and at
least seven bony fish species. The shark genera Araloselachus,
Carcharhinus, Carcharias, Carcharoides and Otodus
(Carcharocles)aremedium-sizedtolarge-sizedsharksof thenear-
shore neritic zone (Reinecke et al. 2014). Themost common spe-
ciesmayhave been the odontaspididA. cuspidatus. Smaller sized
predators includedC. elongatuswhichmayhave been the second
most common taxon based on specimen numbers. Somemodern
representatives of the Carcharhinidae (Carcharhinus leucas,
Glyphis spp.) can live in freshwater for extended periods

Fig. 11 Palaeoenvironmental reconstruction of the Máriahalom vertebrate site
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(Compagno 1984; Martin 2005). Based on its body size,
O. (Carcharocles) angustidenswasmost probably the top preda-
torof theMáriahalomecosystem.Epibenthic feeders, suchas rays
and angel sharks (Squatina), were diverse and common.

The Máriahalom selachians are typical and common faunal
elements in Oligocene marine deposits worldwide (see, e.g.
Müller 1983; Woydack 1997; Gottfried and Fordyce 2001;
Reinecke et al. 2001, 2005, 2014; Parmley et al. 2003;
Fitzgerald 2004).On the other hand, the rayR. schultzihasbeen
so far only known from the Alpine and Carpathian foredeeps
(Badenian andEggenburgianofAustria andPoland respective-
ly), and now from the Central Paratethys (Schultz 2013;
Pollerspöck and Straube 2016). The other Rhinoptera species,
R. studeri, exhibits a broad distribution during most of the
Neogene (Cappetta 2012), but Máriahalom may be the first
documented record from the European late Oligocene.

The absence of some typical Oligocene elasmobranch taxa
may be related to the depositional environment. For example,
the absence of deep-water hexanchids and squalids andof epipe-
lagic and mesopelagic Alopias and Isurus (Cappetta 2012;
Reinecke et al. 2014) at Máriahalom is not surprising. On the
other hand, the absence of tiger sharks (Physogaleus and
Galeocerdo) is possibly related to sampling bias considering
the wide distribution and habitat range of these taxa
(Compagno 1984). Moreover, screen washing may potentially
lead to the discovery of small-sized taxa in the future (e.g.
Scyliorhinidae, Dasyatis). It is important to remark that among
the recovered fishes, nine taxa (C. gustrowensis, C. catticus,
Cosmopolitodus sp.,O. (C.)angustidens,Rhinoptera cf. studeri,
Sparidaegenetsp. indet.2, aff.Moronesp.,Aglyptorhynchus sp.,
Trichiuridae gen. et sp. indet.) are represented by less than five
specimens each,which suggests that continued excavationsmay
recover additional specimens and/or taxa.

The moderately diverse teleost assemblage is strongly
dominated by marine euryhaline taxa of the families
Sciaenidae (Sciaena sp.) and Sparidae (Gen. et spp. indeter-
minate), representing more than three fourths of the bony fish
remains. Remains of barracudas, trichiurids, moronids and
billfishes of the extinct family Palaeorhynchidae are less com-
mon, possibly reflecting an actual minor abundance in the
original palaeobiotope.

Sparids are marine euryhaline littoral and inshore fishes that
commonly visit brackish biotopes in tropical to temperate con-
texts worldwide (Nelson 2006). The durophagous members of
this clade (similar to the taxa present at Máriahalom) are vora-
cious predators of hard-shelled benthic invertebrates, including
crustaceans, molluscs and sea urchins (e.g. Bauchot and Hureau
1986). Modern representatives of the genus Sciaena inhabit ma-
rine coastal and brackish biotopes with sandy bottoms, where
they feed on small fishes and crustaceans (e.g. Chao 1986).
Among barracudas, extant species of the genus Sphyraena are
coastal epipelagic piscivorous fishes, primarily living in the wa-
ter column (e.g. Ben-Tuvia 1986). Trichiurids are marine

carnivorous benthopelagic fishes living on the shelf and conti-
nental slope where they catch prey by waiting in ambush
(Nakamura and Parin 1993). Moronids are restricted to coastal
and brackish waters in temperate and cold regions where they
feed on a variety of fishes and invertebrates (e.g. Tortonese
1986). As far as the extinct palaeorhynchid genus
Aglyptorhinchus is concerned, circumstantial evidences seem
to suggest that it was able to tolerate broad salinity variation.
Aglyptorhinchus remains have been found in deposits
documenting a variety of palaeobiotopes and palaeo-
temperatures (Fierstine 2006). Late Oligocene Aglyptorhinchus
remains from South Carolina have been collected from the
Chandler Bridge Formation (see Fierstine and Weems 2009)
which originated in a marine coastal environment (Weems and
Lewis 2002) affected by periodic salinity variations (see Sanders
et al. 1982).

Conclusion

The present contribution is the first study on sharks and rays
and the second on bony fishes from the Egerian of the Central
Paratethys. The fauna represents a subtropical, nearshore ma-
rine community with a great diversity of piscivorous predators
and epibenthic feeders. Euryhaline taxa (sparid and sciaenid
bony fishes and possibly requiem sharks) were particularly
common, and these likely visited the brackish environment
indicated by previous studies of molluscs. The small sample
size of some taxa indicates that taxonomic diversity of the
Máriahalom will likely increase with further fieldwork. The
taxonomic composition is typical for other late Oligocene
faunas outside the Paratethys and is therefore consistent with
an open Paratethys towards the Mediterranean area during the
Egerian. The high number of normalmarine taxa and individuals
contrasts with the predominantly brackish invertebrate fauna of
Máriahalom and sheds new light on the palaeoenvironmental
reconstruction. Stratigraphical, sedimentological and palaeonto-
logical data indicate a tide-influenced and fluvial-influenced
nearshore palaeoenvironment consisting of a tidal flat or delta
plain with associated brackish lagoons and normal marine littoral
habitats. The depositional environment might have been a tidal
channel, or a tide-influenced delta channel where fossils of ma-
rine, brackish and terrestrial vertebrates and invertebrates were
accumulated and preserved together.
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