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Abstract: Tanystropheus and other possible archosauromorph fossils have been discovered from Middle to Upper
Triassic shallow marine sedimentary sections in Villany (Villany Hills, southern Hungary). Four fragmentary cervical
vertebrae can be assigned to Tanystropheus sp. based on characteristic features including the strongly elongate and
hollow vertebral body with extremely reduced neural spine. Besides the cervicals, various teeth, classified into four
different morphotypes including longitudinally striated, carinated and ziphodont ones, are thought to belong to archo-
sauromorphs, since they markedly differ from the frequently found teeth of fish and sauropterygians. In addition, three
enigmatic cranial bones that might represent some circumorbital elements, have been found as well, and are referred
to here as Sauropsida indet. These fossils, originated from the same tectonic unit as those from the Anisian of Bihor
(Romania), are of great importance for a better understanding of the poorly known semi-aquatic to terrestrial vertebrate

fauna of the Middle to Late Triassic of central Europe.
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Introduction

Triassic vertebrate fossils from Villany have been known since
the early 1900’s (Lérenthey 1907; Loczy 1912; Ralisch-
Felgenhauer 1981, 1985), but their systematic excavation and
documentation only started in 2012, when a rich bone-bearing
sedimentary section was discovered thanks to a new construc-
tion in the city of Villany (see as Construction site below) and
the area was recognized as a potential Triassic vertebrate
locality (Osi et al. 2013). Currently two outcrops are known in
Villany that produced Triassic vertebrates.

One of them, the Construction site (Fig. 1C) is located on
the Somssich Hill where continuous excavations have been
carried out in the last six years resulting in thousands of
macro- and microvertebrate remains of fishes and reptiles in
several beds of the Middle Triassic Templomhegy Dolomite.

The other vertebrate site, the Road-cut site (local name:
Siklobevagas, Fig. 1C) on the northern side of the Templom
Hill, where a relatively thick sequence of Carnian siliciclastic
sediments (Mészhegy Sandstone Formation) are exposed
including diverse microvertebrate assemblages. The paleonto-
logical and sedimentological importance of the Road-cut site
have been recognized for a long time (Ralisch-Felgenhauer
1985; Voros 2009, 2010), but the detailed petrographical
and paleontological descriptions of its bone yielding horizons
have begun only recently (Pozsgai et al. 2017; Botfalvai et
al. 2019).

The fish fauna of these Triassic beds has recently been docu-
mented (Szabo et al. 2019), and the diverse assemblage of
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placodonts and nothosaurs have been published (Segesdi et al.
2017; Osi et al. 2018). Although the vertebrate fauna is com-
posed of dominantly marine elements, some semi-aquatic to
possibly terrestrial forms also occur in the assemblage. Among
these are the remains of the enigmatic Tanystropheus which
has a highly complicated taxonomic history and poorly known
paleobiogeography (Spiekman & Scheyer 2019) thus every
fossil belonging to this form, especially from still un- or poorly
represented paleogeographical areas, is of great importance.
In this paper the archosauromorph fossils discovered from
the Middle Triassic (Ladinian) Templomhegy Dolomite and
the Carnian Mészhegy Sandstone Formation are described and
compared in detail.

Locality, geology and age

Villany city is in the eastern margin of the Villany Hills,
southern Hungary (Fig. 1). This region is situated in the
Southern Pannonian Basin and stratigraphically belongs to
the Villany—Bihor Unit of the Tisza Megaunit which formed
part of the passive southern shelf of the European Plate south-
wards to the Bohemian Massif during the Triassic (Csontos &
Voros 2004; Haas & Pérd 2004; Pozsgai et al. 2017).

Most of the vertebrate fossils, described below, came from
the Ladinian Templomhegy Dolomite Member of the Csukma
Dolomite Formation, the sediments of which were formed in
a protected inner ramp lagoon and connected tidal flat deposi-
tional environment (T6rok 1998, 2000; Botfalvai et al. 2019).
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Fig. 1. Locality map of the Triassic vertebrate sites in Villany.

The bone-bearing layers of the Teplomhegy Dolomite Mem-
ber, exposed in the Construction site (Fig. 2A), represent
an alternation of yellowish grey dolomite and dolomarl beds
with subordinate reddish paleosol intercalations (Fig. 2B).
Detailed sedimentological investigation suggests that the depo-
sitional environment was a nearshore (subtidal to pertidal)
zone of a ramp, where the sedimentation was controlled by
climatic and sea-level changes (see details in Botfalvai et al.
2019). The Ladinian age for the Construction site is mainly
based on its stratigraphical position (the Teplomhegy Dolomite
Member is situated between the Middle-Upper Anisian Zuhanya
Limestone and the Carnian Mészhegy Sandstone Formations),
since index fossils of ammonites and conodonts are absent in
this shallow marine sequence (Botfalvai et al. 2019).

Macrofossils have been discovered from the 14"-23% beds
of the Templomhegy Dolomite of the Construction site by sys-
tematic, layer by layer excavations between 2012-2019,
where the layer 14 and 18 were the most productive for verte-
brate remains (Fig. 2A).

Only one tooth (MTM PAL 2020.16.1.), belonging to mor-
photype 1 (see below), has been found in the Carnian silici-
clastic sediments of the Mészhegy Sandstone Formation of
the Road-cut site (Fig. 2B). This formation consists of cycles
of weakly cemented, sandstone, siltstone and variegated clay
strata, with subordinate amounts of dolomite and dolomarl
(Voros 2010; Pozsgai et al. 2017). Sedimentological and
paleontological investigations of the Carnian deposits of the
Road-cut section indicate a near-shore, shallow marine depo-
sitional environment characterized by high siliciclastic input
from the mainland (Botfalvai et al. 2019). Samples for
microvertebrates were taken and screen-washed from various
beds of the Road-cut site (Szabo et al. 2019), where the above
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mentioned single archosauromorph tooth came from bed L5
(Fig. 2B). The siliciclastic sequence of Mészhegy Sandstone
Formation has been considered Upper Triassic and has been
frequently correlated with the “Carnian Pluvial Event” (Voros
2009; Pozsgai et al. 2017). The Carnian age was supported by
palynological investigation for the lower part of the formation
(Osi et al. 2013).

Material and methods

The fossils described here were unearthed during excava-
tions carried out in 2012-2019, and all of them are housed in
the vertebrate paleontological collection of the Hungarian
Natural History Museum. The exact stratigraphic position of
the specimens is indicated on Fig. 2.

Broken parts of macroscopic specimens collected by careful
hand preparation from beds 14-23" were fixed by cyanoacry-
late (superglue). Besides focusing on specimens visible to the
naked eye, samples from five beds (22", 20", 18", 14" and
10™) of the Templomhegy Dolomite Member at the Construc-
tion site have been also taken for screen-washing. After sor-
ting the collected and screen-washed samples, the 14" bed was
by far the most productive, thus in the Summer of 2018,
approximately 250 kilograms of sediment from this layer have
been screen-washed by using tap water and 5 % of acetic acid.
This process resulted in thousands of fish and sauropterygian
remains and a few archosauromorphs as well. Screen-washing
of the Mészhegy Sandstone Formation was quite similar and
has been described in detail by Szabo et al. (2019).

For scanning electron microscopic photography, we used
a Hitachi S-2600N scanning electron microscope.

Institutional abbreviations: MFSN — Museo Friulano di
Scienze Naturali, Udine, Italy; MOR — Muzeul Térii Crisurilor
Oradea, Romania; MPUM — Museum of the Dipartimento di
Scienze della Terra ‘A. Desio’ of Milano University, Milano,
Italy; MSNM — Museo di Storia Naturale, Milan, Italy;
MTM - Hungarian Natural History Museum, Budapest,
Hungary; PIMUZ — Paldontologisches Institut und Museum
der Universitit Ziirich, Zurich, Switzerland; SMNS — Staat-
liches Museum fiir Naturkunde, Stuttgart, Germany.

Description and comparisons

Archosauromorpha Huene, 1946
Tanystropheidae Gervais, 1859
Tanystropheus Meyer, 1852
Tanystropheus sp.

Material: Four cervical vertebrac (MTM PAL 2020.8.1.—
PAL 2020.11.1.)

Description and comparison: Altogether four vertebrae,
referred here to Tanystropheus sp., are known from Villany.
Though they are poorly preserved and mostly compressed late-
romedially, on the broken surfaces it is possible to observe that
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Fig. 2. Schematic stratigraphic sections of the Triassic vertebrate sites in Villany with the exact position of the fossils described here.
A — Bone-bearing layers of the Construction site (in orange). B— Stratigraphic section of the Road-cut (Siklobevagas) site (L5=paleontological
sample contains MTM PAL 2020.16.1.). For more details, see Botfalvai et al. (2019).

the vertebral body of all specimens is hollow inside. The ven-
tral side of the centrum is flat with distinct, keel-like lateral
edges and it bends very slightly anteroposteriorly that is not
the result of taphonomic deformation (Fig. 3B). A shallow,
centrally positioned, longitudinal keel extends on this ventral
surface on the anterior and posterior thirds of the centrum, like
that seen on some specimens of Tanystropheus longobardicus
from Monte San Giorgio (Wild 1973) and Tanystropheus
conspicuus (considered a nomen dubium by Spickman &
Scheyer 2019, and possibly indistinguishable from 7. longo-
bardicus) from the Muschelkalk of Germany (e.g., SMNS
16364, SMNS 54644). Close to the centre of specimens MTM
PAL 2020.8.1. and MTM PAL 2020.9.1., two foramina, most
probably the foramina venae vertebralis (sensu Wild 1973),
open into the hollow centrum as it can be observed, for exam-
ple, in SMINS 16364 and on the well-preserved cervical (MOR
88) from the Bihor Mountains, Romania (Jurcsak 1975).
Neural spine is only a few millimetres high at the posterior
end in all vertebrae, and in the mid-third of the centrum it is
just a dorsally oriented shallow crest (Fig. 3A,D). The poste-
rior end of the neural spine is only a short, rounded protube-
rance (apparently not broken), while that of the Monte San
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Giorgio (e.g., PIMUZ T 2819) specimens bears a postero-
dorsally pointed process.

Whereas in MTM PAL 2020.8.1. the posterior articular
surface of the centrum is slightly concave with its margin
apparently eroded (Fig. 3C), in another specimen (MTM
PAL 2020.9.1.) the articular surfaces are deeply concave,
a phenomenon that is partly the result of lateromedial com-
pression (Fig. 3F). Both in MTM PAL 2020.8.1. and MTM
PAL 2020.9.1. the posterior end of the vertebral centra is not
as abruptly widened lateromedially as that of the cervical from
Bihor (MOR 88) or that of the cervical (MFSN 31579) from
the Aupa Valley (Dalla Vecchia 2006), both identified as
Tanystropheus sp. Preserved postzygapophyses extend well
(with 1-1.5 cm in MTM PAL 2020.8.1. and MTM PAL
2020.9.1.) beyond the articular surfaces of the centrum with
an angle ranging between 20—-40° relative to the horizontal
plane (Fig. 3A,D).

Although discovered in the same tectonic unit, the vertebra
(MOR 88) from Bihor slightly differs from the Villany speci-
mens in having much more ventrally curved ends of the ver-
tebral body. In the case of MOR 88 this curvature is definitely
not the result of taphonomic deformation since every part of
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the specimen is in a wonderful, unbroken, three-dimensionally
preserved condition. The degree of curvature of the ventral
margin of the centrum is, however, quite variable in some taxa
(Spiekman & Scheyer 2019), preventing the taxonomical use
of this character. Another potential difference is that the con-
cave articulation surfaces of the Bihor vertebra are wider than
high, which is most probably not the case in the Villany speci-
mens. However, in the latter even the best-preserved specimen
is compressed laterally (Fig. 3C). Spiekman & Scheyer
(2019: 22) listed five morphological characters of the cervical

vertebrae of Tanystropheus to assess the variation occurring
in cervical vertebrae assigned to Tanystropheus spp. Unfor-
tunately, however, the poor preservation of the Villany speci-
mens severely hampers the observation and comparison of
these characters.

Compared to the well-preserved cervical series of the Monte
San Giorgio specimens (Wild 1973; Nosotti 2007), all the
Villany cervicals, though they differ in relative size, represent
vertebrae of the mid-section (4" to 11" positions) of the cervi-
cal series.

Fig. 3. Tanystropheus sp. fossils from the Middle Triassic (Ladinian) Templomhegy Dolomite of Villany. A—-C — Cervical vertebra of
Tanystropheus sp. (MTM PAL 2020.8.1.) in lateral (A), ventral (B) and posterior (C) view. D-F — Cervical vertebra of Tanystropheus sp.
(MTM PAL 2020.9.1.) in lateral (D), ventral (E) and posterior (F) view. G, H— Cervical vertebra of Tanystropheus sp. (MTM PAL 2020.10.1.)
in lateral (G) and ?anterior (H) view. I — Cervical vertebra of Tanystropheus sp. (MTM PAL 2020.11.1.) in lateral view. Anatomical abbre-

viation: poz — postzygapophysis.
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Archosauromorpha indet.

Material: Tsolated teeth: morphotype 1 (MTM PAL 2020.
15.1.-MTM PAL 2020.15.29., MTM PAL 2020.16.1.), mor-
photype 2 (MTM PAL 2020.17.1.-MTM PAL 2020.17.14.),
morphotype 3 (MTM PAL 2020.18.1.), morphotype 4 (MTM
PAL 2020.19.1.)

Description and comparison: Of the teeth, four morpho-
types are present. Morphotype 1 (MTM PAL 2020.15.1.—
MTM PAL 2020.15.29., MTM PAL 2020.16.1.) has relatively
short, pointed, labiolingually slightly compressed and lingually
curved crown (Fig. 4A-I). The mesial side of the crowns is
strongly convex basally and, in some specimens, it is slightly
constricted (Fig. 4B,E). Labiolingually and distally they bear
apicobasally oriented, shallow enamel ridges, but these ridges
are not as sharp and regular as those on the teeth of nothosaurs
(Schoch 2015). Mesiodistally the teeth are void of well-deve-
loped carinae, but in the case of larger specimens two well-
developed, non-serrated ridges extend on the mesiolabial and
mesiolingual sides, bordering a smooth, convex mesial surface
(Fig. 4G,H). Weak apical and labiolingual wear is present on
some of the teeth (Fig. 4A).

These teeth are similar to the striated, distally curved pre-
maxillary and anterior dentary teeth of Tanystropheus lon-
gobardicus (Wild 1973). Similar, distally strongly curved,
slightly ornamented anterior teeth are present in specimen
MSNM BES SC 1018 and in MSNM BES SC 265, but their
teeth lack the prominent, mesiolabial and mesiolingual ridges
present on some of the Villany teeth. Anterior teeth of larger
Tanystropheus longobardicus specimens (e.g., MSNM V 3663,
PIMUZ T 2818) are more different in being only slightly
curved distally and bearing more prominent apicobasal ridges
on the enamel (Nosotti 2007). Ridges are basically like those
on the teeth of Tanystropheus sp. from Italy (Dalla Vecchia
2006) and Germany (Schoch 2015). Dalla Vecchia (2006)
noted shallow, secondary ridges present on the teeth of
Tanystropheus sp. from Italy to distinguish them from the
teeth of nothosaurs. Similar secondary ridges on the basal half
of the crown are, however, also present in some other archo-
sauromorph teeth, such as Jaxtasaurus (Schoch & Sues 2013).
However, these less developed, secondary ridges are not pre-
sent in morphotype 1, and these teeth are more curved distally
and relatively shorter than the nothosaur teeth. Furthermore,
nothosaur teeth differ from morphotype 1 in having more
developed and regular longitudinal ridges, and crowns have
a circular cross-section. Compared to pachypleurosaurs, they
usually have much smaller teeth, in some forms rather
mesiodistally wide (Rieppel & Lin 1995), whereas in others
they are semicircular in cross-section and have longitudinal
ridges without carinae (Sander 1989).

The second morphotype (MTM PAL 2020.17.1.-MTM PAL
2020.17.14.) is labiolingually flattened, triangular and, in
some specimens, slightly curved distally (Fig. 4J-S). Cross-
section is oval (Fig. 4L,0). Shallow apicobasal ridges are
present on the enamel, among which those on the lingual side
are slightly more prominent than those of the labial side.
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Mesially and distally the ridges form weak, non-serrated
carinae (Fig. 4K,M). In contrast to morphotype 1, secondary
ridges are present on the basal half of the crowns. Crowns are
only very slightly constricted at their base. Some specimens
show well-developed distal curvature that is recognizable by
the distal orientation of striae (Fig. 4N). This morphotype is
similar to the unserrated teeth of some archosauromorphs,
such as the maxillary and dentary teeth of the larger specimens
of Tanystropheus longobardicus (e.g., MSNM V 3663a, PIMUZ
T 2818, 2819) in having labiolingually flattened, triangular
teeth with longitudinal ridges. Similar Tanystropheus sp.
teeth were also figured by Dalla Vecchia (2006: fig. 5B,C).
The maxillary teeth of Jaxtasaurus from the Ladinian of
Germany are also reminiscent of the teeth from Villany in
having similar general shape, ornamentation and smooth
mesial and distal carinae, though carinae are more prominent
in Jaxtasaurus (Schoch & Sues 2013; Schoch 2015). In addi-
tion, Schoch (2015: fig. 10.13g-h) illustrated an additional
archosauromorph tooth (SMNS 91230) that is very similar to
morphotype 2 from Villany, though SMNS 91230 seems to
have finely serrated carinae.

Morphotype 3 (MTM PAL 2020.18.1.) is represented by
a single apical region of a tooth crown (Fig. 4T,U). It is labio-
lingually compressed, slightly bent distally, and avoids the
developed, parallel, apicobasally oriented enamel ridges pre-
sent in morphotypes 1 and 2. The enamel surface is, however,
not smooth but very shallow, apicobasally oriented, slightly
irregular ridges are present that bend very slightly mesially
or distally, most probably reaching the edge of the carinae
(Fig. 4T). Mesial and distal carinae seem to be non-ziphodont
in contrast with morphotype 4 (see below), though pseudo-
ziphodont carinae cannot be excluded since carinae are mostly
eroded. Only a short section of the mesial carina is complete,
showing the mesially extending enamel ridges. The lingual
side of the crown is slightly concave and shelf-like along the
mesial and distal carinae (Fig. 4U). This feature together with
the mesiodistally extending ridges are quite reminiscent of
those of the teeth of much later neosuchian crocodyliforms
(Martin et al. 2010; Osi et al. 2016, 2019), though it is clear
that this tooth does not belong to that group. Nevertheless, this
tooth clearly differs from all the sauropterygian teeth known
from the locality and is also different from the three other
morphotypes of archosauromorph teeth presented here. It also
does not correspond to any of the archosauromorph teeth from
the Ladinian Lettenkeuper of Germany (Schoch 2015). Similar
shelf-like structures along the carinae can be observed on one
of the archosauromorph teeth (MPUM 9154) from the Norian
of Italy (Renesto et al. 2005: fig. 4B), though this tooth is
distinctly serrated.

Morphotype 4 (MTM PAL 2020.19.1.) is represented by
a basal fragment of a tooth crown (Fig. 4V). The complete
crown should have been labiolingually slightly compressed to
have an oval cross section. It preserves a very short section of
a serrated carina with equidimensional and mesially rounded
denticles, though it has to be noted that two of the denticles are
partly eroded (Fig. 4V). Based on the preserved four denticles
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Fig. 4. Archosauromorpha indet. teeth from the Middle and Late Triassic of Villany. A, B—Morphotype 1, lingually curved fang tooth (MTM
PAL 2020.16.1.) with oblique striae on tooth wear (left) from the Carnian Mészhegy Sandstone Formation in ?mesial (A) and ?distal (B) view.
C, D — Morphotype 1, lingually curved fang tooth (MTM PAL 2020.15.1.) from the Ladinian Templomhegy Dolomite in lingual (C) and
?mesial (D) view. E-1 — Morphotype 1, lingually curved fang tooth (MTM PAL 2020.15.2.) from the Ladinian Templomhegy Dolomite in
?mesial (E), lingual (F), labial (G), oblique (H) and apical (I) view. J-L. — Morphotype 2, lateral tooth (MTM PAL 2020.17.1.) from the
Ladinian Templomhegy Dolomite in lingual (J), ?distal (K) and apical (L) view. M—O — Morphotype 2, distally curved lateral tooth (MTM
PAL 2020.17.2.) from the Ladinian Templomhegy Dolomite in mesial (M), labial (N) and apical (O) view. P-S — Morphotype 2, distally
curved lateral tooth (MTM PAL 2020.17.3.) from the Ladinian Templomhegy Dolomite in lingual (P), labial(Q), mesial (R) and distal (S) view.
Note the deep longitudinal groove distally (S) that might be pathological. T, U — Morphotype 3, labiolingually flattened tooth crown fragment
(MTM PAL 2020.18.1.) from the Ladinian Templomhegy Dolomite in lingual (T), oblique-apical (U) view. V — Morphotype 4, ziphodont
tooth fragment (MTM PAL 2020.19.1.) from the Ladinian Templomhegy Dolomite in ?lingual view.
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the number of denticles per mm is estimated to be 5.5-6. This
character, together with denticle shape and dimensions are
most like that of the archosauromorph teeth from Italy
(Renesto et al. 2005). Compared to the teeth of ’rauisuchians’,
including Teratosuchus (Benton 1986), Batrachotomus
(SMNS 91653; Gower 1999) and some teeth from the Late
Triassic of South Africa (Tolchard et al. 2019), the Villany
specimen is similar in its smooth surface and the presence of
serrated carinae. The outer cutting edge of the individual den-
ticles is, however, slightly different in being more rounded
than, for example, on the teeth from South Africa (Tolchard et
al. 2019: fig. 4). Renesto et al. (2005) compared the Norian
specimens from Italy with the teeth of early theropod dino-
saurs. Based on its Ladinian age, however, the Villany speci-
men is most probably not from this group.

Sauropsida indet.

Material: Three cranial elements (MTM PAL 2020.12.1.,
MTM PAL 2020.13.1., MTM PAL 2020.14.1.),

Description and comparison: Two of the cranial elements
are reminiscent of a circumorbital bone; MTM PAL 2020.12.1.
is slightly smaller (preserved length: 59 mm) than MTM PAL
2020.13.1. (preserved length: 63 mm), but is better preserved.
This element is flattened and slightly bent lateromedially
resulting in a slightly convex lateral and concave medial sur-
face (Fig. 5SA—C). The external surface of the bone is smooth,
without ornamentation (grooves and/or ridges appear to be
absent). The inner side does not show any crest or lamina
either, only a shallow ridge extends longitudinally. On one
side, it shows an asymmetrical forked articulation surface
(Fig. 5A). On the other side of the bone, a bar-like, mediodor-
sally bent process bears a deep groove on its outer surface
accepting the neighbouring bone. Between these processes the
shorter side is a thin edge that might have formed the margin
of one of the cranial openings.

MTM PAL 2020.13.1. is similar in shape and features to
MTM PAL 2020.12.1., but it is slightly compressed and
damaged (Fig. 5D, E). The only feature to be mentioned is that
the forked articulation is relatively longer than in MTM PAL
2020.12.1.

A third cranial element (MTM PAL 2020.14.1.) is a flat-
tened bone (preserved length: 47 mm) showing the original,
slightly bent shape (Fig. SF—H). It is roughly similar to the
aforementioned two other cranial elements, but it differs
from them in some features. Whereas one bar-like process is
preserved showing a slightly eroded articulation surface,
the opposite end of the bone is missing. One edge of the bone
is slightly concave and most probably formed the margin
of one of the cranial openings. On the other side, there is
a rounded process with a shelf-like outer margin that is simi-
larly present in the previous cranial bones (Fig. SF—H).

In spite of the good preservation of these cranial elements,
their anatomical and even taxonomic assignment is still
dubious. In placodonts and nothosaurs, as frequent elements
of the Villany vertebrate assemblage, the bones marginating

GEOLOGICA CARPATHICA, 2020, 71, 3, 264-273

BSI, SZABO and BOTFALVAI

the cranial openings are in many cases not as flattened and
more bar-like, and many of the bones are slightly or markedly
ornamented (Rieppel & Wild 1996; Rieppel 2000, 2001a).
In the three-dimensionally preserved skull of Nothosaurus
mirabilis (PIMUZ A/IIl 0780) bones of the dorsal rostrum
and those of the circumorbital region are thicker, and neither
of them shows the rounded, shelf-like margin as seen in
the Villany elements. More similar, roughly triradiate elements
with a bar-like process appear in the skull of archosauro-
morphs, such as the postorbital or the postfrontal of
Tanystropheus longobardicus. Although Wild (1973) gave
a detailed description of many Tanystropheus longobardicus
specimens, the illustration of the individual cranial elements is
quite simple, perhaps due to the compressed preservation of
many specimens. The specimens described here are remi-
niscent of the circumorbital bones of Tanystropheus longo-
bardicus (Nosotti 2007) but none of them shows unambiguous
similarities. Whereas the forked articulation surface is also
present as in the jugal and the postorbital (Nosotti 2007),
the Villany bones do not have the concave shelf marginating
the bones around the supratemporal fenestra (well seen e.g.,
PIMUZ T 2819). The most characteristic part of these cranial
elements is the convex, shelf-like margin (Fig. SA,F: sma).
This slightly concave shelf-like surface does not correspond to
an articular surface for an overlapping bone, nor to the inner
rim of a temporal fenestra. It rather looks to be a reduced
process, such as the reduction of the lower temporal arcade of
later lepidosauromorphs.

These elements might have bordered some cranial openings
(perhaps the orbit and/or temporal fenestrae) in a sauropsid
skull, but until now we have not been able to identify their
more precise anatomical position, thus we refer to them here
as Sauropsida indet., until more complete specimens shed
light on their affinities.

Discussion and conclusions

The diagnostic four cervicals, presented here, clearly indi-
cate the most probably Ladinian occurrence of Tanystropheus
in the Villany area and extend the spatial range of this bizarre
form. The new remains represent the second and richest occur-
rence of the genus in the Carpathian-Balkan region indicating
that Tanystropheus might have been a frequent faunal element
of the coastal margins of this part of the northern Tethyan shelf
already from the late Anisian (Jurcsék 1975; Patrulius et al.
1979) until most probably the Ladinian. This scenario fits well
into the global paleobiogeography of Tanystropheus, namely
that this animal had a Tethys-wide occurrence (Rieppel 2001b;
Rieppel et al. 2010; Spiekman & Scheyer 2019). The outlined
anatomical differences between the vertebrae from Bihor and
those from Villany, however, might suggest some taxonomical
differences as well, that might also be related to their sug-
gested different ages. Co-occurrence of different species of
Tanystropheus on a single landmass has previously been sug-
gested for the assemblage from Israel (Rieppel 2001b), and
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Fig. 5. Sauropsida indet. fossils from the Middle Triassic (Ladinian) Templomhegy Dolomite of Villany. A—C — Cranial element (MTM PAL
2020.12.1.) in outer (A), inner (B) and ?dorsal (C) view. D, E — cranial element (MTM PAL 2020.13.1.) in outer (D) and inner (E) view.
F-H — cranial element (MTM PAL 2020.14.1.) in outer (F), inner (G) and ?ventral (H) view. Anatomical abbreviations: bpr — bar-like pro-
cess; far — forked articulation; sma — shelf-like margin.

might possibly be the case for Monte San Giorgio, if the small
and large morphotypes represent separate species (Spiekman
& Scheyer 2019).

Of the teeth, morphotypes 1 and 2 might belong to this taxon
as well, though they are not completely identical with those
from the Middle Triassic of the German and Alpine basins.
Morphotype 1 with its strongly distally curved crown pro-
bably represents teeth of a widely spaced anterior tooth series,
as is indicated by the labiolingual wear features (Fig. 4A).
On these slightly worn surfaces, elongated, parallel scratches
are present suggesting the side-to-side occlusion of the upper
and lower fangs, frequently seen in vertebrates with procum-
bent, widely-spaced teeth such as crocodyliforms (Osi 2014)
and pterosaurs as well (AO, pers. observation).

Morphotype 2 perhaps represents the lateral teeth of
Tanystropheus, though they also strongly resemble some other
archosauromorph teeth described from the German Letten-
keuper (Schoch 2015). Interestingly, no tricusped teeth,
characteristic elements of the European Tanystropheus assem-
blages (Wild 1973; Nosotti 2007; Schoch 2015), have been
found in the screen-washed material from Villany, despite
thousands of teeth, including the dozens belonging to the
four described archosauromorph morphotypes, having been
unearthed. Morphotype 1 and 2 share two features: the pointed
apex and the longitudinal striae along the crown. Although
the taxonomic assignment of these teeth is still problematic,
these common features strongly suggest a piscivorous habit of
their owners (Massare 1987).

Morphotype 3 might represent either a pseudoziphodont
or ziphodont tooth crown, but it clearly differs from the teeth
of sauropterygians and Tanystropheus. On the other hand,

morphotype 4 is clearly ziphodont indicating the rare occur-
rence of meat-eater archosauromorphs in the assemblage.
The question, if morphotype 4 represents a rauisuchian, a dino-
sauriform, or another lineage of Middle Triassic archosauro-
morph reptiles, remains to be unsolved until more complete
material is unearthed.

The depositional environment in the Villany area during
the Middle-Late Triassic was a shallow marine lagoon with
fluctual terrestrial influx (Torék 2000; Botfalvai et al. 2019).
Accordingly, fossils of marine animals including fish (Szab6
et al. 2019), nothosaurs, and placodonts are the dominant ele-
ments, whereas archosauromorphs, representing semi-aquatic
to terrestrial forms, are comparatively rare. Hopefully, further
excavations and more material will shed light on the details of
this poorly known non-marine fauna.

Acknowledgements: We thank Emilia Pozsgai, Krisztina
Sebe, Attila Voros, Anette E. Gotz, Istvan Dunkl and Rainer
Schoch for useful discussions. Réka Kalmar, Janos Magyar
and Flora Németh are acknowledged for their technical assis-
tance. We wish to thank Krisztina Buczké for her precious
help in scanning electron microscopic photography. We are
grateful to Stephan Spickman and Andrej Ceriansky for
their critical comments that highly improved the manuscript.
The 2012-2019 field crews are also acknowledged here for
their enthusiastic assistance in the field works. Our work was
supported by the National Research, Development and Inno-
vation Office (NKFIH K 116665, K 131597, PD 131557),
Hungarian Academy of Sciences Lendiilet Program, Hunga-
rian Natural History Museum, the UNKP-19-4 New National
Excellence Program of the Ministry for Innovation and

GEOLOGICA CARPATHICA, 2020, 71, 3, 264-273



272

Technology (No: UNKP-19-4-ELTE-117), the Jénos Bolyai
Research Scholarship of Hungarian Academy of Sciences
(No: BO/00024/19/10), E6tvds Lorand University, University
of Pécs and the Hungarian Dinosaur Foundation.

References

Benton M.J. 1986: The Late Triassic Reptile Teratosaurus — a raui-
suchian, not a dinosaur. Palaeontology 29, Part 2, 293-301.
Botfalvai G., Gy6ri O., Pozsgai E., Farkas .M., Sagi T. & Szab6 M.
2019: Sedimentological characteristics and paleoenvironmental
implication of Triassic vertebrate localities in Villany (Villany
Hills, Southern Hungary). Geol. Carpath. 70, 2, 135-152.

https://doi.org/10.2478/geoca-2019-0008

Csontos L. & Voros A. 2004: Mesozoic plate tectonic reconstruction
of the Carpathian region. Palaeogeogr. Palaeoclimatol. Palaeo-
ecol. 210, 1, 1-56. https://doi.org/10.1016/j.palaec0.2004.02.033

Dalla Vecchia F.M. 2006: Remains of Tanystropheus, Sauroptery-
gians and “Rauisuchians” (Reptilia) in the Middle Triassic of
Aupa Valley (Udine, Friuli Venezia Giulia, NE Italy. Gortania —
Atti del Museo Friulano di Storia Naturale 27, 2548 (in Ita-
lian).

Gower D.J. 1999: The cranial and mandibular osteology of a new
rauisuchian archosaur from the Middle Triassic of southern
Germany. Stuttgarter Beitrdge zur Naturkunde Serie B (Geolo-
gie und Paldontologie) 280, 1-49.

Haas J. & Pér6 C. 2004: Mesozoic evolution of the Tisza Mega-unit.
Int. J. Earth Sci. 93, 2,297-313. https://doi.org/10.1007/s0053 1-
004-0384-9

Jurcsak T. 1975: Tanystropheus biharicus n. sp. (Reptilia, Squamata)
a new species for the Triassic fauna of Romania. Nymphaea 3,
45-52 (in Romanian).

Loczy L. jr. 1912: Geology of Villany and Ban Mountains. Féldtani
Kézlony 42, 672—695 (in Hungarian).

Lorenthey 1. 1907: Are there any Jurassic beds at Budapest? Féldtani
Kézlony 37, 359-368 (in Hungarian).

Martin J.E., Rabi M. & Csiki Z. 2010: Survival of Theriosuchus
(Mesoeucrocodylia: Atoposauridae) in a Late Cretaceous archi-
pelago: a new species from the Maastrichtian of Romania.
Naturwissenschaften 97, 9, 845-854. https://doi.org/10.1007/
s00114-010-0702-y

Massare J.A. 1987: Tooth morphology and prey preference of
Mesozoic marine reptiles. J. Vertebr. Paleontol. 7,2, 121-137.
https://doi.org/10.1080/02724634.1987.10011647

Nosotti S. 2007: Tanystropheus longobardicus (Reptilia, Protorosau-
ria): Re-interpretations of the Anatomy Based on New Speci-
mens from the Middle Triassic of Besano (Lombardy, Northern
Italy). Memorie della Societa Italiana di Scienze Naturali e del
Museo Civico di Storia Naturale di Milano 35, 3, 1-88.

Osi A. 2014: The evolution of jaw mechanism and dental function in
heterodont crocodyliforms. Historical Biology 26, 3, 279-414.
https://doi.org/10.1080/08912963.2013.777533

Osi A., Botfalvai G., Prondvai E., Hajdu Z., Czirjak G., Szentesi Z.,
Pozsgai E., Gotz A.E., Makadi L., Cseng6di D. & Sebe K. 2013:
First report of Triassic vertebrate assemblages from the Villany
Hills (Southern Hungary). Central European Geology 56, 4,
297-335. https://doi.org/10.1556/CEuGeol.56.2013.4.2

Osi A., Bodor E.R., Makédi L. & Rabi M. 2016: Vertebrate remains
from the Upper Cretaceous (Santonian) Ajka Coal formation,
western Hungary. Cretaceous Res. 57, 228-238. https://doi.org/
10.1016/j.cretres.2015.04.014

Osi A., Szabé M., Segesdi M. & Botfalvai G. 2018: A new Triassic
(Ladinian/Carnian) vertebrate locality from Villany, Southern
Hungary. In: XVI EAVP. Abstracts 140.

GEOLOGICA CARPATHICA, 2020, 71, 3, 264-273

BSI, SZABO and BOTFALVAI

Osi A., Szabé M., Kollmann H., Wagreich M., Kalmar R., Makadi L.,
Szentesi Z. & Summesberger H. 2019: Vertebrate remains from
the Turonian (Upper Cretaceous) Gosau Group of Gams, Austria.
Cretaceous Res. 99, 190-208. https://doi.org/10.1016/j.cretres.
2019.03.001

Patrulius D., Bleahu M., Antonescu Em., Baltres S., Bordea S.,
Bordea J., Gheorghian D., Iordan M., Mirauta E., Panin S$t.,
Popa E. & Tomescu C. 1979: The Triassic formations of the
Bihor Autochton and Codru nappe-system (Apuseni Mountains).
3" Triassic Colloquium of the Carpatho-Balkan Geological
Association. Guidebook to field trips. Institute of Geology and
Geophysics, Bucharest, 1-121.

Pozsgai E., Jozsa S., Dunkl 1., Sebe K., Thamo-Bozsé E., Sajo 1.,
Dezs6 J. & von Eynatten H. 2017: Provenance of the Upper
Triassic siliciclastics of the Mecsek Mountains and Villany Hills
(Pannonian Basin, Hungary): constraints to the early Mesozoic
paleogeography of the Tisza Megaunit. /nt. J. Earth Sci. 106, 6,
2005-2024. https://doi.org/10.1007/s00531-016-1406-0

Ralisch-Felgenhauer E. 1981: Templomhegy Dolomite Formation.
Geological Institute of Hungary report about the study of key
sections of the Villany Hills, MAFI, 1-40 (in Hungarian).

Ralisch-Felgenhauer E. 1985: Villany Hills, Villany, Road-cut at the
Templomhegy. The geological maps of Hungary. Magyar Allami
Foldtani Intézet, Budapest, 5 (in Hungarian).

Renesto S., Gozzi E. & Tintori A. 2005: Archosaur (possibly
theropod) teeth from the Norian (Late Triassic) of Lombardy
(Northern Italy). Neues Jahrb. Geol. Paldontol., Monatshdifte 9,
529-546. https://doi.org/10.1127/njgpm/2005/2005/529

Rieppel O. 2000: Sauropterygia 1. Placodontia, Pachypleurosauria,
Nothosauroidea, Pistosauroidea. Handbuch der Paldoherpetolo-
gie, Teil 12A. Friedrich Pfeil, 1-134.

Rieppel O. 2001a: Cranial anatomy of Placochelys placodonta Jaekel,
1902, and a review of the Cyamodontoidea (Reptilia, Placodonta).
Fieldiana, Geol. 45, 1-104.

Rieppel O. 2001b: A new species of Tanystropheus (Reptilia: Protoro-
sauria) from the Middle Triassic of Makhtesh Ramon, Israel.
Neues Jahrb. Geol. Paldontol., Abh. 221, 2,271-287.

Rieppel O. & Lin K. 1995: Pachypleurosaurs (Reptilia: Sauroptery-
gia) from the lower Muschelkalk, and a review of the Pachypleuro-
sauroidea. Fieldiana: Geology n. s. 32, 1-44.

Rieppel O. & Wild R. 1996: A Revision of the Genus Nothosaurus
(Reptilia: Sauropterygia) from the Germanic Triassic, with
Comments on the Status of Conchiosaurus clavatus. Fieldiania
34, Publication 1479.

Rieppel O., Jiang D.-Y., Fraser N.C., Hao W.-C., Motani R., Sun Y.-L.
& Sun Z.-Y. 2010: Tanystropheus cf. T. longobardicus from the
early Late Triassic of Guizhou Province, southwestern China. J.
Vertebr. Paleontol. 30, 4, 1082—-1089. https://doi.org/ 10.1080/
02724634.2010.483548

Sander P.M. 1989: The Pachypleurosauridae (Reptilia Nothosauria)
from the Middle Triassic of Monte San Giorgio (Switzerland)
with the description of a new species. Philosophical Transac-
tions of the Royal Society of London B, 325, 561-666.

Schoch R.R. 2015: Reptilien des Lettenkeupers. In: Hagdorn H.,
Schoch R.R. & Schweigert G. (Eds): Der Lettenkeuper — Ein
Fenster in die Zeit vor den Dinosauriern. Palaeodiversity Son-
derband 2015, 231-264.

Schoch R.R. & Sues H.D. 2013: A new doswelliid archosauriform
from the Middle Triassic of Germany. J. System. Palaeontol. 34,
6, 113—131. https://doi.org/10.1080/14772019.2013. 781066

Segesdi M., Osi A. & Botfalvai G. 2017: New eosauropterygian
remains from the Middle Triassic of Villany, Hungary. In: 8%
SATLW. Abstracts, 47.

Spiekman S.N.F. & Scheyer T.M. 2019: A taxonomic revision of
the genus Tanystropheus (Archosauromorpha, Tanystropheidae).
Palaeontologia Electronica 22.3.80. https://doi.org/10.26879/1038


https://doi.org/10.2478/geoca-2019-0008
https://doi.org/10.1016/j.palaeo.2004.02.033
https://doi.org/10.1007/s00531-004-0384-9
https://doi.org/10.1007/s00531-004-0384-9
https://doi.org/10.1007/s00114-010-0702-y
https://doi.org/10.1007/s00114-010-0702-y
https://doi.org/10.1080/02724634.1987.10011647
https://doi.org/10.1080/08912963.2013.777533
https://doi.org/10.1556/CEuGeol.56.2013.4.2
https://doi.org/10.1016/j.cretres.2015.04.014
https://doi.org/10.1016/j.cretres.2015.04.014
https://doi.org/10.1016/j.cretres.2019.03.001
https://doi.org/10.1016/j.cretres.2019.03.001
https://doi.org/10.1007/s00531-016-1406-0
https://doi.org/10.1127/njgpm/2005/2005/529
https://doi.org/ 10.1080/02724634.2010.483548
https://doi.org/ 10.1080/02724634.2010.483548
https://doi.org/10.1080/14772019.2013. 781066
https://doi.org/10.26879/1038
https://doi.org/10.26879/1038

ARCHOSAUROMORPH REPTILE REMAINS FROM THE VILLANY HILLS, HUNGARY

Szabd M., Botfalvai G. & Osi A. 2019: Taxonomical and palacoeco-
logical investigations of the chondrichthyan and osteichthyan
fish remains from the Middle-Late Triassic deposits of the
Villany Hills (Southern Hungary). Geobios 57, 111-126.
https://doi.org/10.1016/j.geobios.2019.10.006

Tolchard F., Nesbitt S.J., Desojo J.B., Viglietti P., Butler R.J. &
Choiniere J.N. 2019: ‘Rauisuchian’material from the lower Elliot
Formation of South Africa and Lesotho: Implications for Late
Triassic biogeography and biostratigraphy. J. Afiican Earth Sci.
160, 103610. https://doi.org/10.1016/j.jafrearsci.2019.103610

Torok A. 1998: Controls on development of Mid-Triassic ramps:
examples from southern Hungary. Geol. Soc., London, Spec. Publ.
149,1,339-367. https://doi.org/10.1144/GSL.SP.1999.149.01.16

273

Torok A. 2000: Formation of dolomite mottling in Middle Triassic
ramp carbonates (Southern Hungary). Sedimentary Geology
131, 3-4, 131-145. https://doi.org/10.1016/S0037-0738(99)
00137-2

Voros A. 2009: Tectonically-controlled Late Triassic and Jurassic
sedimentary cycles on a peri-Tethyan ridge (Villany, southern
Hungary). Central European Geology 52, 2, 125-151. https://
doi.org/10.1556/CEuGeol.52.2009.2.2

Vords A. 2010: The Mesozoic sedimentary sequences at Villany.
Foldtani Kozlony 140, 1, 3-30 (in Hungarian).

Wild R. 1973: Die Triasfauna der Tessiner Kalkalpen. XXII. Tanystro-
pheus longobardicus (Bassani). Neue Ergebnisse. Mémoires
suisses de paléontologie 95, 1-162.

GEOLOGICA CARPATHICA, 2020, 71, 3, 264-273


https://doi.org/10.1016/j.geobios.2019.10.006
https://doi.org/10.1016/j.jafrearsci.2019.103610
https://doi.org/10.1144/GSL.SP.1999.149.01.16
https://doi.org/10.1016/S0037-0738(99)00137-2
https://doi.org/10.1016/S0037-0738(99)00137-2
https://doi.org/10.1556/CEuGeol.52.2009.2.2
https://doi.org/10.1556/CEuGeol.52.2009.2.2

