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Abstract

Sauropterygian vertebrate remains from the Ladinian (Middle Triassic) of the proximity of Calasparra (Murcia, Spain) are
described here. They represent the first documented Triassic vertebrate remains found in the Province of Murcia, and the
first in the Subbetic domain of the Betic Cordillera (Southeastern Spain). These new remains consist of incomplete verte-
brae, some fragmented neural spine apophyses, fragments of transverse processes, a partial thoracic vertebrae mould and
one isolated thoracic vertebral centrum, seemingly of a single specimen. Their features permit to refer them to the suborder
Eusauropterygia. These fossils have been found in the middle part of the upper member of the Cehegin Formation. The
biostratigraphical framework of the Cehegin Formation consists of a relatively abundant fossil content that allowed its attri-
bution to the uppermost Fassanian (Lower Ladinian). The sedimentary features and the palacontological content of the site

are typical of an epicontinental platform.
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Introduction

Sauropterygia was a diverse group of diapsid marine reptiles
that ranged from the late Early Triassic to the end of the Cre-
taceous. Their Triassic radiation was restricted to near-shore
habitats of the Tethys Ocean, connecting epicontinental seas
that primarily concerned shallow marine forms such as Pla-
codontia, Pachypleurosauria, Nothosauria, and the open
marine Pistosauria. The global fossil record of Triassic sau-
ropterygians is relatively well known in Europe, China North
America, the North of Africa and the Middle East (Rieppel
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2000). In Spain, most of the marine vertebrate remains,
documented to date from the Triassic, consist of isolated
elements, attributed to indeterminate nothosaurs, pachy-
pleurosaurs and placodonts (e.g., Kuhn-Schnyder 1966; Lap-
parent 1966; Westphal 1976; Via Boada et al. 1977; Sanz
1980, 1983; Alafont 1992, 1999; Sanz and Moratalla 1993;
Alafont and Sanz 1996; Rieppel and Hagdorn 1998; Rubio
et al. 2003; Quesada and Aguera Gonzalez 2005; Quesada
et al. 2009; Fortuny et al. 2011; Miguel Chaves et al. 2014a,
b, 2015, 2016, 2017; Berrocal-Casero and Castaninha 2015;
Berrocal-Casero et al. 2018). These specimens were col-
lected in several Triassic sites in central and Northern Spain,
but scarce references about Triassic vertebrate remains are
known from the South of Spain (Alafont 1992; Niemeyer
2002; Reolid et al. 2013), all of them from the Province of
Jaén. Alafont (1992) and Reolid et al. (2013) described some
isolated vertebrate remains of nothosaurs and placodonts in
the Tabular Cover. Niemeyer (2002) studied the Ladinian
Muschelkalk facies from the Hornos-Siles Formation in the
Prebetic domain (External Zones of the Betic Cordillera)
and identified disarticulated fossil remains of marine reptiles
corresponding to prolacertiform and the Superorder Saurop-
terygia (Pachypleurosauridae, Nothosauridae and Cyamo-
dontidae). The aim of the present paper is to report the first
Triassic Sauropterygia remains from the Province of Murcia
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that also supposes the first record of vertebrate remains doc-
umented from the Triassic of the Subbetic domain of the
External Zones of the Betic Cordillera. These remains were
recovered and positioned with biostratigraphical control by
the Pérez-Valera brothers in the 90 s during different field-
works, carried out before the completion of their PhD theses.

Regional geology and stratigraphy

The Betic Cordillera constitutes the northern branch of the
Betic-Rif orogen, the westernmost orogen of the Alpine,
peri-Mediterranean folds belts, geographically situated in
the southern part of the Iberian Peninsula (Fig. 1). Clas-
sically, the Betic Cordillera is divided in two domains:

the Internal and the External Zones (e.g., Martin Algarra
and Vera 2004). The Internal Zones are composed of three
tectonic complexes, from base to top: Nevado-Filabride,
Alpujarride and Malaguide, limited by tectonic contacts
and with a wide variety of metamorphic features that show
the complex, polyphasic history of their emplacement
(Garcia-Dueiias et al. 1992) during the westward migration
of the Mesomediterranean (Alboran) terrain (Balanya and
Garcia-Dueiias 1987; Platt et al. 1995). The External Zones
are composed of Triassic to Miocene, non-metamorphic
rocks resulting of folding and thrusting of the South-Iberian
Palaecomargin sediments as the result of the collision with
the Albordn domain, in Miocene times (Sanz de Galdeano
1990). The External Zones, in turn, can be subdivided in
two important sectors (Garcia-Herndndez et al. 1980): the
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more proximal Prebetic sector, which, next to the Hercinian
antepais foreland shows a predominance of coastal shallow
marine facies; and the more distal Subbetic sector, more
abundant in hemipelagic facies.

The Triassic stratigraphy of the External Zones shows
the typical features of the trilogy of Germanic facies, with
detritical (siliciclastic) and evaporitic units (Buntsandstein
and Keuper facies), below and above a shallow marine inter-
calation of Muschelkalk facies. The term South-Iberian Tri-
assic is used to refer the Triassic units in the External Zones
(e.g. Pérez-Lopez and Pérez-Valera 2007) and shows diverse
formal lithostratigraphic units: (1) the Arroyo Molinos For-
mation (Pérez-Valera 2005a, b) (Buntsandstein facies), (2)
the Siles and Cehegin Formations (Pérez-Valera and Pérez-
Lépez 2008), that refer to the proximal (Prebetic) and distal
(Subbetic) regions of the South-Iberian Paleomargin, respec-
tively (Muschelkalk facies), and 3) the Jaén Keuper Group
(Pérez-Lopez 1998) (Keuper facies). The here-presented
fossil bone remains are located in the Cehegin Formation
(Muschelkalk facies), near the town of Calasparra, in the
Province of Murcia (Southeastern Spain) (Fig. 1).

The Cehegin Formation is formed by a succession of
dark limestones with clay, marly intervals and presence
of bioclastic beds (tempestites) in the upper part (Pérez-
Lopez and Pérez-Valera 2007, 2012). Two members can be
distinguished in this unit, representing a complete, third-
order, transgressive-regressive cycle. The lower member
is deposited above the siliciclastic, fluvial deposits of the
Arroyo Molinos Formation. In it, three laminated, dark-gray
limestone beds can be recognized. This member has been
interpreted as a carbonate ramp developed under a transgres-
sive stage (Pérez-Lopez et al. 2005). The upper member is
deposited over a hard-ground developed on the maximum
flooding surface and is constituted by a succession of marly
limestone, thin bedded limestone, bioclastic beds and green,
ochre clays, with dolomites and gypsum layers in the upper
transition to the Keuper facies, showing the progradation
of coastal and shallow-water deposit over the ramp of the
lower member (Pérez-Lopez and Pérez-Valera 2012). All the
sedimentary features are typical of an epicontinental plat-
form (Pérez-Valera 2005a, b; Pérez-Valera and Pérez-Lopez
2008). The vertebrate remains of the nothosaurids occur in
the middle of the upper member of the Cehegin Formation
together with ammonoids, nautiloids, bivalves and brachio-
pods, in the Calasparra section (Fig. 2). The bones appear
in a centimetric thick alternation of marls and thin-bedded
marly limestone situated over a 20-cm-thick, bioclastic key
level that marks the end of a regressive parasequence. There-
fore, the fossiliferous interval can represent the beginning of
the next parasequence, as interpreted by Pérez-Valera and
Pérez-Lopez (2008) and Baeza-Calatarra et al. (2018).

The relatively abundant fossil content of the Cehegin
Formation has allowed a consistent biostratigraphical

framework in which three ammonite biochronozones have
been distinguished (Fig. 2), all belonging to the Ladin-
ian stage (Pérez-Valera 2005a, b, 2015; Pérez-Valera et al.
2011). This age agrees with the previous data provided by
bivalves, conodonts, and nautiloids, being these fossils also
characteristic of the Ladinian (Marquez-Aliaga et al. 2001;
Plasencia et al. 2007; Pérez-Valera et al. 2017). Specifically,
the levels containing the vertebrate remains are situated in
the Gevanites epigonus Zone (Fig. 2), and they can be attrib-
uted to the uppermost Fassanian (Lower Ladinian).

Material

The vertebrate remains (Sauropterygia: Eosauropterygia:
Eusauropterygia) studied here consist in some fragments
of spine apophyses (UCM-CLV25-26), some fragments of
transverse processes (UCM-CLV27-28), two incomplete
dorsal vertebrae with their incomplete neural arches (UCM-
CLV29-32), the mould of one of them (UCM-CLV33),
and one isolated vertebral centrum (UCM-CLV34). Some
incomplete vertebrae preserve the centrum and the neu-
ral arch, but they are not articulated. The spine apophysis
(UCM-CL2V25) seems to belong to the fragmented verte-
bra UCM-CLV29-30, because the fragments were recovered
together, although the material is very incomplete. At the
same time, the neural spine UCM-CL2V?26 seem to belong
to the remain UCM-CLV31-32. These fragmented vertebrae
with their corresponding neural arches and broken neural
spines have been recovered, in pieces, but together (Figs. 3,
4). The vertebrae described here correspond to thoracic ver-
tebrae because of the absence of the articular facets for the
ribs in the vertebral centra.

The neural spine UCM-CL2V?25 is subrectangular in out-
line, very high, narrow and its apex is ornamented by longi-
tudinal grooves (Fig. 3al—a2). It is 8.20 cm in high, 1.8 cm
in length (high/length ratio: 4.55) and its maximum width
is 1.05 cm (in the apical zone) being slightly mediolaterally
inflated in its apical region (Fig. 3al—a3). The edge is sharp
in cranial view (Fig. 3a) and shows a depression in caudal
view (Fig. 3a3). The spine apophysis CL2V26 is long and
flattened (Fig. 3b), but differs from UCM-CL2V25 because
it is shorter and it is not inflated or wider in the apical zone.
Itis 6 cm in high, 1.8 cm in length (high/length ratio: 3.33)
and its width corresponds to 1.25 cm. This spine shows
sharp edges. A fragment of a broken prespinal lamina of
1 mm width is observed in the cranial area of the neuropoph-
ysis (Fig. 3b). Other fragments correspond to the transverse
processes (UCM-CL2V27-28) (Fig. 3c, d).

The vertebrae UCM-CL2V29-30 preserve the verte-
bral centrum (UCM-CL2V29) and part of the neural arch
(UCM-CL2V30) (Fig. 3e). The vertebral centrum is plati-
coelus. The centra of the vertebra present a characteristic
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Fig.2 Stratigraphical section of the Middle Triassic (Ladinian) of the Cehegin Formation (Calasparra section), with the location of the verte-
brate remains (red star). Biostratigraphy based on ammonite zones and subzones after Pérez-Valera et al. (2011) and Pérez-Valera (2015)

cruciform-suture facet (“kreuzform”) in dorsal view (sensu
Rieppel 1994) (Fig. 3e4, e5). This centrum is ventrally con-
stricted in lateral view. It is 2.3 cm in high, 1.73 cm in with
and 1.34 cm in length. The centrum of dorsal vertebrae
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displays a distinct, shallow arcuate groove crossing the
right lateral site diagonally from the posterior dorsal core
to the ventral margin (Fig. 3e3). The neural arch is broken
and incomplete, and only a part around the neural canal is
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preserved, with part of prezygapophysis (Fig. 3el). Dorsally,
the neural canal is very big, ovoid, taller than wider and nar-
rower at the upper part, with the convex part up.

Another incomplete dorsal vertebra UCM-CL2V31-32
shows similar features than previously mentioned (Fig. 3f).
The vertebral centrum UCM-CL2V32 (2.37 cm in length
and 2.4 cm width), is platicoelus to slightly amphicoelous
and laterally constricted (Fig. 3f4, f5). The shallow arcuate
groove crossing the right lateral site diagonally from the
posterior dorsal core to the ventral margin (Fig. 3f3) and the
cruciform-suture facet also can be observed in this centrum
(Fig. 3f4). The height of the incomplete neural arch is around
2.6 cm. One transverse process is preserved (Fig. 3f1, f2). It
is moderately elongated and projecting. The zygantrium area
is not preserved. The pre- and postzygapophyses are broad.
The articulate facets on the pre- and postzygapophyses are
almost horizontally oriented and show considerable erosion
(Fig. 3f1, £2). Dorsally, the neural canal is big, ovoid, taller
than wider and narrower at the upper part. The mould of this
vertebra (UCM-CLV33) shows the position of the vertebral
centrum and the neural arch and part of the neural spine
(Fig. 4a).

Other isolated vertebral centrum was recovered with the
remains previously mentioned (Fig. 4b). The vertebral cen-
trum UCM-CLV34 is badly preserved, it is 2.32 cm in length
2.62 cm in width and, it is constricted laterally. The kreuz-
form suture facet can be observed in dorsal view (Fig. 4b2).
In this centrum, on the groove crossing the right lateral site
diagonally from the posterior dorsal core to the ventral mar-
gin, two very small foramina can be observed (Fig. 4b4).

Discussion

The dorsal neural arches still associated with their respective
unfused centra and the close association of the fragments
of transverse processes suggest that the vertebrae were not
totally disarticulated. Basal sauropterygians present a pae-
domorphic postcranial skeleton, including the lack of fusion
of the neurocentral suture (Rieppel 1994, 2000), being the
centrum and the neural arch usually separated. This dissocia-
tion reveals a broadened facet formed by the dorsal surface
of the centrum to receive the pedicles of the neural arch with
a cruciform or butterfly-shaped platform. This structure is
apomorphic for Eosauropterygia (Rieppel 1994). Thus, the
features of the here studied remains allow to assign them to
Eosauropterygia.

Rieppel (1994; Rieppel and Hagdorn 1998) included
Pachypleurosauroidea and Eusauropterygia (Nothosau-
roidea + Pistosauroidea) in the order Eosauropterygia. The
genus Corosaurus was firstly remitted to Eosauropterygia
(Rieppel 1994), and subsequently reconsidered in Pistosau-
ridea (Rieppel and Hagdorn 1998). Pachypleurosauroidea

vertebrae use to present dimensions of around 4-15 mm
according to Alafont (1992, 1999), being not compatible
with the remains here studied from Calasparra (Fig. 3). The
vertebrae of Corosaurus alcovensis Case, 1936 are amph-
icoelous (Storrs 1991; Rieppel and Hagdorn 1998), being
not consistent with the platicoelus vertebral centra from
Calasparra. In some Eusauropterygia as in Simosaurus, the
dorsal surface of the centra is copiously widened providing
a characteristic butterfly-shaped platform for the articulation
with the neural arch (Rieppel 1994). Posterolaterally, the
articular platform carries triangular areas on both sides with
a conspicuous pattern of pitting, and similar pitted areas,
but much smaller and less well defined, are located in the
anterolateral corner of its articular surface (Rieppel 1994).
This butterfly platform is different to the kreuzform-shaped
platform of the vertebrae here studied (Figs. 3e4, f4; 4b2),
so Simosaurus can be also discarded. Moreover, in Simosau-
rus, the neural arches of the dorsal region are characteristic
by the development of infrapre- and infrapostzygapophyses
(von Huene 1952: 167) as accessory articulations in addi-
tion to the zygosphene—zygantrum articulation. These struc-
tures cannot be identified in the arches from the proximity of
Calasparra due to their preservation (Fig. 3f1, f2).

It is characteristic the height of the neural spines of the
vertebrae here studied (Fig. 3a, b). The presence of high
neural spines is indicated by Schmidt (1986) as a parallel-
ism between the Plesiosaurs, Pistosaurus, the Nothosaurus
species of the Upper Muschelkalk and Ceresiosaurus; while
in other nothosaurids such as Nothosaurus giganteus and
Lariosaurus, these processes are short. In Nothosaurus, high
dorsal neural spines were considered a synapomorphy of a
clade composed of Nothosaurus mirabilis Miinster, 1834,
N. haasi Rieppel and Mazin, 1997 and N. tchernovi Haas,
1980 (Rieppel 2000). The neural arches of the nothosaurs
present well-developed bipartite zygosphene, whereas its
development is smaller in other eusauropterygians (Riep-
pel and Wild 1996; Rieppel 1997). This structure cannot
be recognized in the neural arches from Calasparra, but the
remains are too broken to confirm their absence. The dorsal
neural spines of the pistosaur Bobosaurus forojuliensis Dalla
Vecchia, 2006 from the Alpine Basin of Italy are higher than
those of N. mirabilis figured by Rieppel (2000: 12). The
remains here studied show some affinities with the Pistosaur
B. forojuliensis from the Carnian of the Alpine Basin (Dalla
Vecchia 2006, 2017): (1) the neural spine is high and shows
a thin prespinal lamina (feature also characteristic in some
plesiosaurs). This broken prespinal lamina can be observed
in UCM-CLV26 (Fig. 3bl). (2) In Bobosaurus, the apex
shows grooves and ridges at the top of the lateral face, giv-
ing striated aspect, as can be observed also in UCM-CLV25
(Fig. 3a2). (3) The centrum is spool shaped with constricted
lateral sides, as the centra here studied (Figs. 3e5, f5; 4b).
(4) The centra of dorsal vertebrae display a distinct, shallow
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«Fig.3 Incomplete vertebraec remains from the Middle Triassic of
Calasparra (Murcia, Southeastern Spain). a Neural apophyses UCM-
CLV25 in: Cranial (al), lateral (a2) and caudal (a3) view. b Neural
apophyses UCM-CLV26 in: Cranial (b1) and lateral (b2) views. ¢, d
Fragments of transverse processes UCM-CLV27 (c¢), UCM-CLV28
(d). e Part of the neural arch (UCM-CLV29) with its corresponding
vertebral centrum (UCM-CLV30) in: anterior (el), posterior (e2), lat-
eral (e3) view. Vertebral centrum (UCM-CLV30) in: dorsal (e4), and
ventral (e5) view. f Part of the neural arch (UCM-CLV31) with its
corresponding vertebral centrum (UCM-CLV32) in: cranial (f1), cau-
dal (f2) and lateral (f3) view. Vertebral centrum (UCM-CLV32) in:
dorsal (f4), and ventral (f5) view. gr groove, pl prespinal lamina

arcuate groove crossing the right lateral site diagonally
from the posterior dorsal core to the mid ventral margin
(Figs. 3e3, f3; 4b4). (5) The foramina subcentralia are very
small, being present only in some dorsal vertebral centra
(Fig. 4b4).

In pistosaurs, the ventral facets of the centra bear a low
median ridge separating a pair of oval nutritive foramina
(foramina subcentralia) at about midcentrum (Sues 1987).
According to some authors, the subcentral foramina is also
present in some nothosaurs (Sanz 1983), but the presence
of subcentral foramina, is a diagnostic feature of the Pisto-
sauria (Pistosauridae and Plesiosauria) for Rieppel (2000),
and is absent in those of Nothosaurus according to Diedrich
(2013).

Comparing to other Spanish Sauropterygia remains,
Alafont (1992: 62-63) mentioned the presence of diagonal
grooves with small foramina in some vertebral centra from
Bienservida-Villarodrigo (Jaén, South of Spain) and clas-
sified these remains as Nothosauria indet. Some spine apo-
physes studied by the same author are very high, but no evi-
dences of prespinal lamina were mentioned by this author.
In the same region, Niemeyer (2002) described smaller ver-
tebrae assigned to Pachypleosauria and Nothosauridae, but
without constriction or grooves in the centra. The vertebral
centra here studied differs from the material form the Ladin-
ian of the Riba de Santiuste (Guadalajara, Central Spain)
(Berrocal-Casero et al. 2018) because these vertebral centra
do not show spool shape, lateral constriction, any groove
crossing the centra or any subcentral foramina on the verte-
brae centra. Comparing to other Spanish nothosaur remains
identified in Central Spain, Nothosaurus cf. giganteus has a

lower neural spine that is a characteristic feature of this spe-
cies (Rieppel and Wild 1996; de Miguel Chaves et al. 2016).
The neural arches from Canales de Molina (Guadalajara)
classified as Eosauropterygia indet. are characterized by the
presence of a very low spine and they do not show prespi-
nal lamina. de Miguel Chaves et al. (2016) do not mention
grooves or foramina in the vertebral centra.

The fragmentary material here studied is not enough to
allow, for the moment, a more precise systematic identifica-
tion, but these remains are compatible with Eusauropterygia,
a suborder including the Nothosauroidae and Pistosauroi-
dae (Rieppel 2000), and they seem to show more affinity
with the latter family. Thought the results presented here are
still preliminary, a detailed taxonomic study of these new
remains, and a deeper exploration of the sites can provide
new information about these unknown Triassic vertebrates
from the Betic Cordillera.

Conclusion

The Lower Ladinian (Middle Triassic) site of Calasparra
(Murcia, Spain), located in Muschelkalk Facies belonging
to the Cehegin Formation, has provided the first record of
Triassic sauropterygian of the Murcia region. These are also
the first vertebrate remains in the Subbetic domain of the
External Zones of the Betic Cordillera (Southeastern Spain),
adding new data to the palaeontological record from the Tri-
assic of this area. The presently studied vertebral remains
from Calasparra here studied are very different comparing
to the Middle Triassic vertebrae remains known from the
Iberian record, being characterized by the presence of very
high neural apophyses with prespinal lamina, the presence
of an arcuate groove crossing the right lateral site diagonally
in the vertebral centra, and the presence of small subcen-
tral foramina in some of these centra. These remains are
compatible with Eusauropterygia: a suborder including the
Nothosauroidae and Pistosauroidae (Rieppel 2000), show-
ing more affinity to Pistosauridae. This discovery adds new
information about the diversity and geographical distribu-
tion of Sauropterygia in the Middle Triassic, indicating that
it was greater than previously believed until the moment.
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Fig.4 Vertebrae remains

from the Middle Triassic of
Calasparra (Murcia, South-
eastern Spain). a Mould
UCM-CLV33 of the vertebral
centrum and part of the neural
arch corresponding to the bone
remains UCM-CLV31-CLV32.
b Isolated vertebral centrum
UCM-CLV34 in: cranial (b1),
dorsal (b2), ventral (b3), right
lateral (b4) and left lateral (b5)
views. gr groove, fo foramina
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