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Bullet-Points Abstract
• Tuscany hosts a conspicuous fossil record of elasmobranchs.
• New stratigraphically informed studies are need to be performed.
• A newly discovered elasmobranch assemblage is described from the lower
Pliocene Campagnatico locality.
• This diverse assemblage allows for a reconstruction of an early Pliocene
marginal-marine palaeoenvironment of Tuscany.

Introduction
For almost two centuries, the Pliocene marine
successions of Tuscany have been the location of
important finds of fossil remains of elasmobranchs,
mostly shark teeth and batoid dental plates and dermal
spines. These fossils were collected to form important
collections, in the past the subject of studies by
illustrious palaeontologists (Lawley, 1876). Following
the emergence of modern palaeontological research
standards, however, these historical collections
have lost some of their scientific importance due to
widespread uncertainties regarding the geographical
and stratigraphic contextualization of the material
of which they are comprised. The collection of
new material with a more rigorous methodological
approach is thus crucial for allowing to better
highlight the scientific value of this important part of
the palaeontological heritage of the Tuscan territory.
With the present study, a stratigraphically informed
analysis of the elasmobranch assemblage found in the
Zanclean sands exposed near Arcille (Campagnatico,
GR) was carried out in order to reconstruct the
palaeobiological and palaeoenvironmental context
that characterized the Tuscan coasts during the lower
Pliocene. The sediments exposed at Arcille were
deposited around 5.1–4.5 Ma within the BaccinelloCinigiano Basin (Benvenuti et al., 2001) and reflect
deposition in submerged delta and shelf settings. Among
the Pliocene marine vertebrate-bearing localities of

Tuscany, Arcille is of particular importance, as it is the
site of the discovery of 1) numerous skeletons of the
dugongid sirenian †Metaxytherium subapenninum, 2)
the holotype and only known specimen of the archaic
monodontid cetacean †Casatia thermophila, and 3) two
partial skeletons of marlin (Makaira sp.) (Bianucci et
al., 2019).

Materials and Method
The elasmobranch assemblage from Arcille,
reconstructed on the basis of more than 300 teeth
and dermal spines, includes 24 species of sharks
and rays in 13 families (Hexanchidae, Squatinidae,
Carcharhinidae,
Scyliorhinidae,
Triakidae,
Cetorhinidae, Alopiidae, Lamnidae, Odontaspididae,
Dasyatidae, Myliobatidae, Rajidae and Rhinobatidae)
in 7 orders and 4 superorders. An excerpt of the
elasmobranch remains from Arcille is depicted in Fig.
1.

Discussion and Concluding Remarks
Of particular interest is the identification of taxa
such as †Pachyscyllium dachiardii, and †Megascyliorhinus
miocaenicus: indeed, the post-Miocene fossil record of
these species in the Mediterranean Basin is extremely
fragmentary, and as such, their occurrence at Arcille
represents an important datum that supports the
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Fig. 1. Shark and ray teeth from the Zanclean of Arcille (Campagnatico, Grosseto Province). A) From left to right: Carcharhinus
brachyurus, Carcharhinus leucas, Carcharhinus falciformis and Prionace glauca. B) Cosmopolitodus plicatilis. C) From left to right:
Hexanchus griseus, Carcharias taurus and Galeocerdo cuvier. D) From left to right: Megascyliorhinus miocaenicus, Pachyscyllium
dachiardii, Squatina sp., Himantura sp., Dasyatis sp. and Rostroraja sp. E) Rhinobatos sp. teeth of Himantura sp., Dasyatis sp. and
Rhinobatos sp. are depicted in occlusal view, all other teeth are depicted in lingual view. Scale bars equal 5 mm, except for panels
B (10 mm) and E (1 mm).

regional permanence of Miocene- and Tethyan-derived
faunal elements in the aftermath of the so-called
Messinian Salinity Crisis. An interesting element is
represented by the finding, among the myliobatiforms,
of specimens whose dental morphology is consistent
with that of the Indo-Pacific members of the genus
Himantura. The species of this genus are currently
distributed in the coastal waters of the Indo-Pacific and
western Atlantic oceans. Nowadays, only one species
of Himantura (i.e., Himantura uarnak see Ali et al., 2013)
lives in the Mediterranean Sea. Whereas the current
presence of Himantura in the present-day Mediterranean
waters is linked to the opening of the Suez Canal
(i.e., it is a “lessepsian migrant”), its discovery in the
Mediterranean Pliocene is less easily explainable, as it
could suggest either ephemeral connections between
the Indo-Pacific and the Mediterranean waters in
Pliocene times or the persistence of a Tethyan-derived
Mediterranean Himantura as a “ghost lineage” following
the closure of the Eastern Tethys Seaway. Besides this
elasmobranch assemblage, the first steps of this work
have led to the discovery of a large number of teeth
of bony fishes (sparids, sphirenids and labrids) and of
a diverse mollusk assemblage that includes †Callista
italica and †Pelecyora gigas, two extinct venerids that
characterise the lower Pliocene shelfal oryctocoenoses

of the Mediterranean region.
On the basis of the studied assemblage, it is possible
to propose a palaeoecological framework of the Arcille
sea area during the Zanclean. The presence of the bull
shark (Carcharhinus leucas) and the bull ray (Aetomylaeus
bovinus) suggests a shallow-marine palaeoenvironment,
close to a river mouth (Compagno, 1984; Villafaña
et al., 2019), whereas the bluntnose sixgil shark
(Hexanchus griseus), the bigeye thresher shark (Alopias
superciliosus) and marlin indicate strong connections
with open-sea and deep-water habitats (Castro et al,
1999; Nakano et al., 2003). Furthermore, the presence
of the bull ark and tiger shark (Galeocerdo cuvier), which
currently inhabit the coasts of West Africa, indicates
truly tropical palaeoclimatic conditions (Pawellek et al.,
2012). Supporting this interpretation, the elasmobranch
assemblage described herein takes its place besides
remains of marine invertebrates and vertebrates of
shallow and warm waters, such as †Metaxytherium
subapenninum, a tropical and coastal-estuarine form
that shared the environmental preferences of current
sirenians.
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