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Mesozoic marine reptiles are poorly known in Spain (see Que-
sada et al., 1998 for a bibliography). Up to now, the plesiosaur
record of Spain consisted only of fragmentary remains coming
from the Jurassic of Asturias (Schulz, 1858; Ruiz-Omeñaca et al.,
2006) and the Cretaceous of the Basque Country and Castellón
(Bardet et al., 1999a; Yagüe et al., 2003).

The Asturias record includes (1) an historical nineteenth cen-
tury specimen (now lost)—one of the oldest fossil reptiles from
Spain—briefly mentioned as “part of a skeleton and paddles of a
plesiosaur, which largest vertebrae reach a diameter of 6 cm,
found in Lower Jurassic rocks (most probably Rodiles Forma-
tion, Pliensbachian, J. C. G.-R. pers. obs.), between the localities
of El Puntal and Tazones in Villaviciosa” (Schulz, 1858:108).
Unfortunately, no figure was provided and we have no definitive
certitude about the plesiosaurian affinities of this specimen.
(2) isolated remains from the Lower Jurassic (Hettangian-
Sinemurian; Gijón Formation) and Upper Jurassic (Kimmeridgian;
Tereñes Formation) of the same area (Ruiz-Omeñaca et al.,
2006).

Here we report on the discovery of an immature plesiosaur
from the Pliensbachian of Asturias. It is the most complete ple-
siosaur specimen found in Spain, one of the very few juvenile
plesiosaurs known worldwide, and an additional specimen from
the very poor Pliensbachian fossil record.

Institutional Abbreviations—MUJA, Museo del Jurásico de
Asturias (Colunga, Spain); SMNS, Staatliches Museum für
Naturkunde Stuttgart (Germany).

GEOLOGICAL BACKGROUND

The plesiosaur specimen was found in the Santa Mera cliffs,
near Villaviciosa in Asturias, Northern Spain (Fig. 1A). As with
most of the Mesozoic vertebrate remains and trackways from
Asturias (García-Ramos and Gutiérrez-Claverol, 1995; García-
Ramos et al., 2002, 2004), the plesiosaur specimen was unearthed
at the foot of sea cliffs. The hard and dark matrix with pyrite in
which the fossil is imbedded is part of the Santa Mera Member, Ro-
diles Formation (Valenzuela et al., 1986) of lower Pliensbachian
age (Jamesoni Zone; Suárez Vega, 1974) (Fig. 1B). The Santa
Mera Member of the Rodiles Formation consists of alternating
limestones and dark marls, indicating an outer carbonate ramp

environment (García-Ramos et al., 2004). The region was part of
an epeiric seaway that connected the northern interior Boreal
sea to the southern Tethyan Ocean (Aurell et al., 2003; Robles
et al., 2004). This specimen was probably exposed for a long time
and could correspond to vertebrate remains (referred to as
ichthyosaur) from the same locality and horizon previously men-
tioned by Suárez Vega (1974).

SYSTEMATIC PALEONTOLOGY

SAUROPTERYGIA Owen, 1860
PLESIOSAURIA de Blainville, 1835

PLESIOSAUROIDEA (Gray, 1825) Welles, 1943
Gen. et sp. indet.
(Fig. 2, Table 1)

Referred Material

MUJA 0518, incomplete juvenile skeleton, preserved in five
blocks (MUJA 0518a-e) and isolated elements (MUJA 0518f-m)
(Fig. 2, Table 1) from Santa Mera near Villaviciosa, Asturias,
Northern Spain; Santa Mera Member, Rodiles Formation, lower
Pliensbachian age (Jamesoni Zone).

Description

Preservation—The specimen is preserved in five blocks
(MUJA 0518a-e). Some elements were recovered free of matrix
(MUJA 0518f-m), probably due to sea wave erosive action. Eight
vertebral centra including three cervicals, two pectorals and
three dorsals, seven neural arches, sixteen ribs and eight gastra-
lia, one humerus, one incomplete femur, one pubis, one ilium
and three additional indeterminate bones (possibly the other
ilium and two epipodial bones) have been recovered. Based on
their size and proportions, it can be reasonably assumed that all
these bones come from the same individual.

Ontogenetic Stage of Development—The small size of the
specimen (vertebral centra about 3 cm long), its poor degree of
ossification with neural arches and ribs not fused to centra, al-
most flat vertebral articular surfaces, and propodials with poorly
defined extremities, tuberosity/trochanter and rugosities, suggest
that it was a juvenile (sensu Brown, 1981). Curiously, the As-
turias specimen lacks other typical juvenile characters such as
deep V-shaped neuro-central lateral suture, low dorsal neural
spines and semi-lunate pubis (Brown, 1981; Storrs, 1995, 1997).
The size of the specimen indicates it was a young (estimated
body length about 1.8 m) but not a neonate individual.*Corresponding author.
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Axial Skeleton—All centra are slightly wider than long and
high (W > L > H) (Fig. 2, Table 1). They bear slightly concave
articular surfaces with rugose margins, small central pit, large
foramina subcentralia and slightly concave neuro-central lateral
suture. The cervical centra bear two rib processes, slightly
dumbell-shaped articulation surfaces and slightly concave ven-
tral surface without a keel (Fig. 2A, C, E). The pectoral centra
bear large single-headed rib facets (Fig. 2A, C). The dorsal cen-
tra exhibit round articular surfaces and convex lateral surfaces
(Fig. 2A, D).

The neural arches are strongly built and bear large pre- and
postzygapophyses which are narrower than the centrum (Fig.
2A, C, F). The neural spines are astonishingly high for a ju-
venile specimen, blade-like, with a slightly convex or straight
apex. They probably correspond to neural arches from the dorsal
series.

They are sixteen ribs and eight gastralia (Fig. 2), including
small hatched-shaped double-headed cervical ribs, long and
robust recurved single-headed dorsals ribs, a short and robust
sacral rib, and typically sigmoidal gastralia. The dorsal ribs and

FIGURE 1. A, Geographical (Santa Mera) and B, stratigraphical (asterisk) locations of the specimen in northern Spain.
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gastralia are probably pachyostotic, being swollen in their me-
dian part, which is in agreement with the ontogenetical growth
pattern proposed for plesiosaurs by Wiffen et al. (1995).

Appendicular Skeleton—The ventral side of the right hu-
merus is exposed on block MUJA 0518c (Fig. 2A, G; Table 1). It
is approximately 11.1 cm long. Discrete rugosities are present on
the anterior surface and on the dorsal third of the ventral surface,
as usually so in plesiosaurs (Brown, 1981). The proximal

extremity is rounded in cross-section and regularly convex
from side to side. The tuberosity is poorly differentiated from
the rugose head. The distal extremity is compressed dorso-
ventrally, convex, and does not bear distinct surfaces for radius
and ulna, a juvenile trait. The shaft of the bone is almost straight
anteriorly and convex posteriorly, a primitive character found in
Liassic plesiosaurs (Storrs, 1997; Bardet et al., 1999b; O’Keefe,
2001).

FIGURE 2. MUJA 0518, Santa Mera near Villaviciosa, Asturias, Northern Spain; Rodiles Formation, Santa Mera Member, Lower Jurassic,
Pliensbachian age (Jamesoni Zone). A, MUJA 0518a (left) and 0518c (right); B, MUJA 0518e; C, MUJA 0518d; D, MUJA 0518b; E, detail drawings
of C: cervical C3 in articular, lateral and ventral views; F, detail drawings of C: neural arches in lateral views; G, detail drawing of A: right humerus
in ventral view; H, detail drawing of D: right ilium in ventral view; I, detail drawing of B: pubis. Scale � 10 cm for A–D and 1 cm for E–I.
Abbreviations: A, ammonite; C1–3, cervical vertebrae; cr, cervical rib; D1–2, dorsal vertebrae; g, gastralia; H, humerus; I, ilium; na, neural arch; P,
pubis; P1–2, pectoral vertebrae; r, rib; sr, sacral rib.
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The proximal half of a left femur (MUJA 0518m) has been
found free of matrix. The proximal head is rounded, and the
trochanter is poorly differentiated from the head. The femur is
oval in cross-section at mid-part. Both anterior and posterior
edges are straight. Discrete rugosities are present on the ventral
surface.

A presumed right ilium is exposed in ventral view on block
MUJA 0518b (Fig. 2D, H). It is narrow and half the size of the
humerus, being 5.8 cm long. The proximal end is broad and
flattened and the distal end is rounded in cross-section, both
being convex. The shaft is narrow and not twisted. The anterior
and posterior edges are concave.

It is unknown if the damaged pubis (block MUJA 0518 e) is
the left or right element (Fig. 2B, I). The medial edge is straight
and the lateral one is slightly convex with a small notch located
just anterior to the femoral articulation surface. The anterior
surface is regularly convex with also a small notch located near
the antero-medial corner. The posterior surface has poorly de-
fined articulation surfaces for the femur and ischium. The surface
corresponding to the obturator foramen is concave.

Systematical Attribution

The occurrence of foramina subcentralia on the vertebral cen-
tra, high dorsal neural spines, massive propodials with expanded
distal end and dorsal trochanter/tuberosity as well as large, plate-
like pubis lacking iliac articulation, are plesiosaurian synapomor-
phies (Brown, 1981; O’Keefe, 2001).

Because the Asturian plesiosaur exhibits centra slightly wider
than long and high, cervical centra bearing two rib articular sur-
faces and no ventral keel, and blade-like dorsal neural spines, it
can be referred to the Plesiosauroidea (Brown, 1981; Bardet et
al., 1999b; O’Keefe, 2001).

The Asturian specimen has been compared to a number of
Liassic plesiosauroids from the Hettangian-Sinemurian of En-
gland (Plesiosaurus dolichodeirus Conybeare, 1824, see Storrs,
1997; Eretmosaurus rugosus (Owen, 1840), see Brown, 1981,
N.B. pers. obs.), the Pliensbachian of England (?Plesiosaurus sp.,
see Storrs, 1995) and the Toarcian of France (Occitanosaurus
tournemirensis (Sciau, Crochet, and Mattei, 1990), see Bardet et
al., 1999b), Germany (Seeleyosaurus guilelmiimperatoris
(Dames, 1895), see Fraas, 1910 and Grossman, 2006; Hydrorion
brachypterygius (Huene, 1923), see Grossman, 2006) and En-
gland (Microcleidus homalospondylus (Owen, 1865), P.V. pers.
obs.).

Some of these taxa (Plesiosaurus, Seeleyosaurus, Hydrorion)
include juvenile referred specimens. This new discovery is thus
of notable interest as it adds to our knowledge of the plesiosaur

earliest ontogenetical growth stages and permits interesting com-
parisons between immature plesiosaur specimens, which remain
very scarce worldwide (see Cruickshank, 1994; Storrs, 1995;
Wahl, 2006 for a review).

First of all, MUJA 0518 differs from the only plesiosaur—and
moreover juvenile specimen—identified in the Pliensbachian
stage up to now. This specimen, referred to as ?Plesiosaurus sp.
by Storrs (1995), bears short cervicals (H > L) with mono-
cephalous ribs and a ventral keel. Though Storrs (1995) men-
tioned that the vertebrae of this specimen are identical to that
of Plesiosaurus dolichodeirus, this systematic attribution could
be questioned as at least the suite of characters exhibited by
the cervical vertebrae is typically pliosauroid (see O’Keefe,
2001).

As a whole, MUJA 0518 exhibits cervical vertebrae with bi-
cephalous ribs, a Plesiosauria plesiomorphy present in Plesio-
saurus, Microcleidus, Hydrorion, Seeleyosaurus (including its
junior synonym Plesiopterys, see Grossmann, 2006) and Occi-
tanosaurus. Monocephalous ribs are only known in Eretmo-
saurus.

The cervical centra of MUJA 0518 are moderately elongated
(W > L > H), as in Plesiosaurus, Seeleyosaurus, Hydrorion and
Eretmosaurus. In Microcleidus and Occitanosaurus the centra
are more elongated (L > W > H).

All centra of MUJA 0518 bear curiously slightly concave
neuro-central lateral suture. This suture is typically deeply V-
shaped in Plesiosaurus and Seeleyosaurus (Plesiopterys) juvenile
specimens (Storrs, 1995, 1997; O’Keefe, 2004).

The neural spines of MUJA 0518, considered as probably dor-
sal ones, are high for a juvenile. But they are lower than those
of adult specimens of Plesiosaurus, Seeleyosaurus, Hydrorion,
Microcleidus, Occitanosaurus and of Seeleyosaurus juvenile
specimen (Plesiopterys). On the contrary, they are higher than
those of Hydrorion juvenile specimen SMNS 51141 (P.V., pers.
obs., see Grossman, 2006). This could imply that MUJA 0518
was probably older than Hydrorion juvenile SMNS 51141 (size
about 1.5 m) but younger than Seeleyosaurus one (Plesiopterys)
(size about 2.2 m).

The humerus bears a shaft about twice the distal extremity
width, poorly defined extremities and tuberosities/rugosities, and
an almost straight anterior surface. In all other Liassic plesiosau-
roids, the humerus is proportionnally longer and slender (shaft
more than twice the distal width) with expanded extremities. The
anterior face is very convex in Plesiosaurus giving the bone a
bowed shaft but it is almost straight in all other Liassic plesio-
sauroids. Only the juvenile specimen of Hydrorion (SMNS
51141) shows a stouter and shorter shaft. It should be noted that
these characters are probably related to ontogeny, not to sys-
tematical differences.

The ilion is plesiomorphically not twisted (Storrs, 1995), as in
Plesiosaurus and the juvenile specimen of Seeleyosaurus (Plesio-
pterys, SMNS 16812; see O’Keefe, 2004). In other Liassic plesio-
sauroids the ilion is twisted. In MUJA 0518, as well as in Seeleyo-
saurus juvenile specimen (Plesiopterys), the ilion is more
slender—especially the flat sacral end—than in other Liassic ple-
siosauroids, but this could be related to ontogeny.

The pubis is not semi-lunate as in juveniles but typically
notched anteriorly and laterally, as in Seeleyosaurus (including
Plesiopterys) and Occitanosaurus. It is semilunate, even in adult
specimens, in Plesiosaurus, Hydrorion, Microcleidus and Eretmo-
saurus.

In summary, the Asturias specimen shares with Seeleyo-
saurus cervical centra moderatelly elongated, a not twisted ilion
and a notched pubis. However, due to the incomplete nature
of the specimen, a precise identification is not possible and
the specimen is here referred to an indeterminate Plesiosauroi-
dea.

TABLE 1. Measurements (in mm) of MUJA 0518 main bones.

Vertebrae Length Width Height

Cervical 1 27 31 25
Cervical 2 ? 34 25
Cervical 3 26 31 24
Pectoral 1 25 30 >25
Pectoral 2 25 30 23
Dorsal 1 27 31 26
Dorsal 2 ? 28 29

Appendicular
bones Length

Proximal
width

Median
width

Distal
width

Humerus 111 28 30 57
Ilium 58 16 10 22
Pubis 85 85 30 57

Vertebra numbers do not refer to anatomical position but only to their
location on matrix blocks.
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DISCUSSION

Filling the “Pliensbachian gap”

Plesiosaurian abundance and diversity are particularly high
during the Jurassic, especially in the Lower Early Jurassic of
England (Hettangian-Sinemurian) and Germany (Toarcian), as
well as in the Middle-Upper Mid-Late Jurassic of England and
France (Brown, 1981). On the contrary, plesiosaur remains are
very scarce in the Pliensbachian (Lower Jurassic) and Aalenian
(Middle Jurassic) rocks.

Numerous marine reptile genera are known in the under- and
overlying stages of the “Pliensbachian gap” (i.e., Evans, 2003;
O’Keefe, 2004; Maisch & Reisdorf, 2006): six plesiosaurs and
four ichthyosaurs in the Sinemurian, as well as eight plesio-
saurs, four ichthyosaurs and three thalattosuchian crocodiles in
the Toarcian (Bardet, 1995; Mc Gowan & Motani, 2003;
O’Keefe, 2001, 2004). Conversely, from the Pliensbachian, only
two ichthyosaur genera are known (Mc Gowan & Motani, 2003)
and, concerning plesiosaurs, only the genus Plesiosaurus has
been identified (Storrs, 1995).

Indeed, up to recently, only fragmentary and indeterminate
plesiosaur remains were described or briefly mentioned from the
Pliensbachian worldwide, the age of some of them being more-
over uncertain (Schulz, 1858; Sauvage, 1897–1898; Persson, 1963;
Thulborn & Warren, 1980; Rees & Bonde, 1999) (Table 2).

Recent more complete discoveries made in England (Storrs,
1995; Evans, 2003), France (Vincent, 2004) and the here de-
scribed specimen from Spain, permit to significantly improve our
knowledge of Pliensbachian plesiosaurs (Table 2). Moreover, the
Asturian specimen represents one of the oldest Pliensbachian
occurrences (basal Pliensbachian, Jamesoni Zone). These rec-
ords suggest that the paucity of Pliensbachian plesiosaurs may be
more due to incomplete sampling than to their actual absence.
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