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A shark turns into an undetermined crocodylian:
the case of Acanthias bicarinatus Sismonda, 1849
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ABSTRACT - The holotype and only specimen referred to the Early Miocene shark Acanthias bicarinatus Sismonda, 1849 is housed
in the collections of the Museo di Geologia e Paleontologia dell Universita degli Studi di Torino and was collected from the serpentinite
sandstone of the middle-late Burdigalian Termofoura Formation of the Torino Hill. The specimen, formerly interpreted as a fragment of a
squalid dorsal-fin spine, is reinterpreted herein as an isolated crocodylian tooth. The validity of the species Acanthias bicarinatus is therefore
reconsidered and referred to as a nomen dubium. The tooth, replaced while the crocodylian was alive, was deposited in a near-shore marine
environment at a time when modern crocodylian lineages were already widespread along the northern sector of the Mediterranean area.

INTRODUCTION

Since the beginning of the XIX century, several
fossil reptiles were described as fishes due to the limited
knowledge and understanding of the vertebrate osteology
at that time. Some well-known examples include the
early descriptions of extinct marine reptiles, such as
ichthyosaurs and plesiosaurs, which were sometimes
initially misinterpreted as fishes because of their
depositional environment and superficial similarities
to those organisms due to their aquatic lifestyle (e.g.,
Home, 1814; Evans, 2010). As the field of Palacontology
evolved, gaining a better understanding of osteology and
comparative anatomy, scientists were able to correctly
identify and classify these marine reptiles.

In the present contribution, we focus on the revision of
the holotype of the putative shark Acanthias bicarinatus
Sismonda, 1849 from the Miocene serpentinite sandstone
(“arenaria serpentinosa’) of the Torino Hill (Piedmont,
NW Italy). Sismonda (1849) provided the first description
of the specimen, an isolated tooth now housed in the
collections of the Museo di Geologia e Paleontologia
dell’Universita degli Studi di Torino (MGPT) and
described it as a dorsal-fin spine of a new dogfish species.
He assigned the specimen to a new species of the genus
Acanthias Risso, 1827, with the new name A. bicarinatus.
A common practice followed by many other 19" century
authors was to refer many fossil and recent shark species
to the waste basket genus Acanthias. The species was later
mentioned by Sismonda himself in a table summarising
the fossil fish and crustaceans of Piedmont (1861) and
subsequently by De Alessandri (1897), who commented
that the spine identified by Sismonda as Acanthias
bicarinata (sic), because of its truncated conical shape and
the compactness of its tissue, could represent a “saurian”
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tooth rather than a fish spine. However, the Database of
Fossil Elasmobranch Teeth (Pollerspock & Straube, 2023)
includes Acanthias bicarinatus Sismonda, 1849 with the
synonym of Squalus bicarinatus (Sismonda, 1849). The
aim of this contribution is to update the knowledge of this
taxon and clarify its validity.

SYSTEMATIC PALAEONTOLOGY

Order CROCODYLOMORPHA Hay, 1930
Sub-order CRocopyLIA Gmelin, 1789
CROCODYLIA incertae sedis

1849 Acanthias bicarinatus SISMONDA, p. 28-29, Tav. 2, figs 42-
43,

1861 Acanthias bicarinatus Sismonda 1849 - SISMONDA, p. 22.

1897 Acanthias bicarinata Sismonda 1849 - DE ALESSANDRI, p.
29.

Material - MGPT-PU 11096: an isolated tooth (Fig. 1).

Locality and Age - Termofoura Formation, Torino Hill
(Piedmont, NW Italy); middle-late Burdigalian, Miocene
(see Festa et al., 2009; Zunino & Pavia, 2009). Sismonda
(1849, p. 29) indicated that the fossil has a Miocene age
and was collected in the serpentinite sandstone (“arenaria
serpentinosa”) of the Torino Hill. This description fits
very well with the serpentinite sandstone layers and
conglomerates intercalated in the silty marls and siltstones
of the Termofoura Formation, which dates back to the
middle-late Burdigalian (Festa et al., 2009; Zunino &
Pavia, 2009). These re-sedimented terrigenous levels are
well known since the early XIX century for their very
abundant palaeontological content, mostly represented
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Fig. 1 - (color online) Collection labels and illustration of Acanthias
bicarinatus Sismonda, 1849 (MGPT-PU 11096). a) Original label by
Sismonda. b) Illustration of MGPT-PU 11096 by Sismonda (1849,
tav. 2, figs 42-43). ¢) Current label of MGPT-PU 11096.

by marine molluscs, which have been extensively
investigated for more than a century (see Zunino & Pavia,
2009 and references therein).

Description - The tooth MGPT-PU 11096 (Fig. 2)
has the shape of an elongated, slightly curved cone with
a blunt apex and a concave base. It is 22.0 mm high and
nearly circular at the base, showing a diameter varying
from 7.7 to 7.9 mm. The apex is clearly worn because
it is devoid of the external enamel layer (Fig. 2a3). The
base is deeply concave, and its rim is irregular due to
inadequate preservation. It is not clear if the asymmetry
in the thickness of the wall of the base is only due to the
preservation. The tooth is characterized by two moderately
developed, not serrated mesiodistal carinae (Fig. 2a5). The
carinae show, on both sides, regularly spaced depressions
that do not give rise to serrations (Fig. 2a6-a7). They
reach the base of the tooth that as a consequence does not

preserve the neck and the root but only the crown. The
lingual surface is slightly less broad than the labial one
(Fig. 2a4). In distal and medial view, the outline of the
lingual surface shows a shallow angle at around two thirds
of its dorsal height, making the apex point mediodorsally
(Fig. 2al-a2). Both these surfaces are rather smooth and
devoid of evident ridges but host very fine wrinkles.

DISCUSSION

Comparative remarks and status of the name Acanthias
bicarinatus Sismonda, 1849

Shark dorsal-fin spines are specialized dermal denticles
that lie on the anterior edge of the dorsal fins of the extant
families Heterodontidae, Squalidae and Echinorhinidae,
and the extint ctenacanth and hybodont sharks (e.g.,
Maisey, 1979; Cappetta, 2012). Sismonda (1849)
erroneously referred MGPT-PU 11096 to an anterior
dorsal-fin spine of the squalid genus Acanthias Risso,
1827 (currently considered as junior synonym of Squalus
Linnaeus, 1758), on the basis of very few uninformative
characters, including the presence of longitudinal furrows
along the entire crown, which appears to be massive with
a little pronounced curvature, although also admitting its
tooth-like appearance. The presence of the two mesiodistal
carinae was used as the main feature to diagnose a new
dogfish shark species, A. bicarinatus.

The gross morphology and the external features of the
dorsal-fin spines of dogfish sharks of the family Squalidae
(Fig. 3) have been described in detail by Maisey (1979).
The morphological analysis of MGPT-PU 11096 has
revealed the presence of a number of characters that
strongly argues against its attribution to a squalid dorsal-
fin spine, including: 1) a sharp and stubby trunk not very
elongated (shark fin spines are instead sharp, elongated
in the vertical axis and have a graceful curvature; Maisey,
1979), 2) a nearly circular transverse cross section (fin
spine are subtriangular or pear-shaped in cross section,
with a posterior concave depression producing a sulcus

Fig. 2 - (color online) Alternative illustrations of MGPT-PU 11096 in mesial (al), distal (a2), apical (a3), ventral (a4) and linguo-distal (a5)
views. a6-7) Close-ups of the distal carina. Scale bars equal to 5 mm for al-5, 2 mm for a6, and 1 mm for a7.
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Fig. 3 - (color online) Isolated dorsal-fin spine of Squalus sp. (NRM-
PZ P16000) from the Priabonian of La Meseta Formation, Seymour
Island, Antarctica (see Kriwet et al., 2016) in left lateral (al), right
lateral (a2), anterior (a3) and basal (a4) views. Scale bars equal to
5 mm. Photos courtesy of Jiirgen Kriwet (University of Vienna).

which in life is occupied by a glandular epithelium; Fig.
3a4;e.g., Maisey, 1979; Cappetta, 2012), and 3) an enamel
cap with very fine wrinkles covering the whole surface
(the enameloid cap of shark fin spines may be smooth
anteriorly, or may possess a restricted development of
enamelled ribs anteriorly and posterolaterally; Maisey,
1979; Cappetta, 2012). In this context, there are no
reasons to recognize MGPT-PU 11096 as a dogfish shark
dorsal-fin spine.

Regarding the attribution to a crocodylian genus, no
unquestionable diagnostic characters are known from
crocodylian teeth only, making the identification of MGPT-
PU 11096 at the genus level unreliable. Exceptions exist
but represent at best attributions to familial taxonomic
level (e.g., planocraniids; see Brochu, 2013) or single taxa
(as Eosuchus lerichei Dollo, 1907; Delfino et al., 2005),
based on distinct peculiar morphologies very different
from those exhibited by the specimen described herein.
MGPT-PU 11096 instead closely resembles isolated
crocodylian teeth reported from the Sardinian localities of
Laerru (Sassari Province) (fig. 2C in Zoboli et al., 2019)
or Bingia Fargeri (Cagliari Province) (Del Vecchio, 1921;
fig. 2K-L in Zoboli et al., 2019). Considering the age
of the specimen and coeval crocodylian taxa diversity,
MGPT-PU 11096 can only be reasonably referred to
an undetermined crocodylian. The name Acanthias
bicarinatus should therefore be considered as a nomen
dubium because there is no available evidence to permit
the recognition of a species, and the option of considering
itanomen vanum, on the basis of the absence of diagnostic
characters, is discarded because this name is not included
in the International Code of Zoological Nomenclature
(Mones, 1989; Sanchiz, 1998; ICZN, 1999).

A lost tooth

Contra Sismonda (1849), the holotype MGPT-PU
11096 of Acanthias bicarinatus is here interpreted
as a replaced crocodylian tooth. In crocodylians, the
replacement tooth absorbs the root of the preceding
element during growth, until the isolated crown is shed due
to the lack of structural attachment in the alveolus (Poole,
1961). This process may explain the thinner lingual wall:
as the replacement tooth grows in a dorsolateral direction,
the lingual surface of the replaced tooth would be absorbed

first. Typically, the teeth lack a root, with a strict cross
section at the base of the crown (Frey & Monninger, 2010).
The simultaneous occurrence of latter features in MGPT-
PU 11096 supports our interpretation of a crocodylian
tooth, replaced while the animal was still living.

Italian fossil reptile misidentifications

The case of reptile remains misidentified and designed
as type of a taxon referred to another vertebrate group, as
the one documented herein of a crocodylian tooth formerly
referred to as the type of a shark species, is much rarer in
the history of Italian palacontology than the opposite case,
a fish or a mammal remain misidentified and designed as
the type of reptile taxon. Worth of being briefly mentioned
here are the following three cases that have been pending
for several decades or even for much more than a century.
The real identity of the snake Paleopython sardus Portis,
1901 from the Middle Miocene of Monte Albu (Sardinia)
has been disentangled thanks to the retrieval of the type
specimen MDLCA 14402 in the collections of the Museo
Sardo di Geologia e Paleontologia “Domenico Lovisato”
(Cagliari) and its identification as an undetermined
acanthomorph fish premaxilla (Delfino et al., 2014). The
type material of the new crocodylian genus and species
Rhytisodon tuberculatus Costa, 1854 from the Miocene
of the Lecce area is currently lost, but, thanks to the
description and the figures published by the author, it
has been later referred to an undetermined squalodontid
cetacean mammal (Fordyce & De Muizon, 2001; Delfino,
2002). The cervical vertebra that has been originally
referred to the new crocodylian genus and species
Eridanosaurus brambillae Balsamo-Crivelli (1864)
from the Quaternary gravels of the Po River (between
Portalbera and Arena Po) is also currently lost, but a cast
has been detected at the beginning of this century in the
Collezioni di Geologia of the Museo Giovanni Capellini
in Bologna (MGGC 8862; formerly misidentified as
Lariosaurus balsami Curioni, 1847; Delfino, 2002). As
already proposed by Boni (1943) it is a rhinoceros cervical
vertebra and not a crocodylian.

Faunal context of Miocene crocodylians in Italy
European crocodylian faunas included several genera
in the Miocene, such as crocodylids, tomistomines and
the basal alligatoroid Diplocynodon (Rio & Mannion,
2021). The Italian Peninsula did not differ from the rest
of the continent, as the crocodylian record from Miocene
localities is represented by an extensive number of
disarticulated material and isolated teeth referred to either
crocodylids or tomistomines (Del Vecchio, 1921; Kotsakis
et al., 2004; Zoboli et al., 2019). While the presence of
tomistomines in the Mediterranean arch of Europe is
known since the Paleogene (Piras et al., 2007; Nicholl
et al., 2020), the biogeographic radiation of crocodylids
(namely Crocodylus spp.) is restricted to the Late Miocene
and subsequent periods: the earliest fossil occurrences in
Europe date back to the Messinian (Delfino et al., 2007;
Delfino & Rook, 2008; Brochu & Storrs, 2012). The
endemic European Diplocynodon, conversely, became
extinct in the Middle Miocene, as attested by the fossils
recovered from the Early to Middle Miocene of European
mainland and Iberian Peninsula (Martin & Gross, 2011;
Araezetal., 2017; Lujan et al., 2019; Chroust et al., 2021;
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see Massonne & Bohme, 2022, for the correct age of the
putative Late Pliocene Diplocynodon from Bulgaria).
In that context, the reattribution of MGPT-PU 11096 to
a crocodylian adds further evidence to the widespread
presence of the group in the Miocene of Italy. Isolated
crocodylian teeth were already known in the Italian
Miocene outcrops thanks to the descriptive works of Del
Vecchio (1921), Colombero et al. (2017) (both reporting
material from Piedmont), Delfino & Ragazzini (2010)
and Villa et al. (2021). The tooth originally described by
Sismonda (1849) is however the first and only known
evidence of a crocodylian remain in the marine sediments
of the Termofoura Formation of the Torino Hill, which is
otherwise largely dominated by marine molluscs (Zunino
& Pavia, 2009; and references therein).
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