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Abstract

Purpose Abundant isolated remains of vertebrate fossils
were recovered in 1980 in Middle Triassic strata
(Muschelkalk Facies) of Canales de Molina (Guadalajara,
Spain). However, none of them was figured or described in
detail. The careful study of these fossils is performed here.
Methods The eosauropterygian remains from Canales de
Molina are described and figured in detail, and compared
with the Iberian record of Eosauropterygia.

Results The study of these elements allows us to identify
abundant eosauropterygian remains, including vertebrae,
teeth, femora, and a partial humerus. This humerus
presents a combination of characters traditionally con-
sidered as exclusive affinity of the genus Nothosaurus.
Other relatively large elements from this site are also
compatible with the bones of this genus. Isolated teeth
and a neural arch are identified as belonging to inde-
terminate nothosaurs. The other elements studied here
are poorly informative, and can be only assigned to
indeterminate members of Eosauropterygia of small to
medium size.

Conclusions The presence of Nothosaurus or a related
form is confirmed in Canales de Molina. Other fossils from
the site do not allow to assess if more taxa are present.
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Resumen

Objetivo Abundantes restos aislados de vertebrados fueron
recuperados en 1980 en los niveles del Triasico Medio
(Muschelkalk Facies) de Canales de Molina (Guadalajara,
Espaiia). Sin embargo, ninguno de ellos se ha figurado o
descrito detalladamente hasta ahora. El estudio detallado
de estos fosiles es llevado a cabo aqui.

Meétodos Los restos de eosauropterigios de Canales de
Molina son descritos y figurados en detalle, y comparados
con el registro ibérico de Eosauropterygia.

Resultados El estudio de estos elementos nos permite
identificar abundantes restos de eosauropterigios, inclu-
yendo vértebras, dientes, fragmentos de fémures y parte
de un himero. Este humero presenta una combinacion de
caracteres tradicionalmente considerada exclusiva del
género Nothosaurus. Otros elementos relativamente
grandes de este yacimiento son también compatibles con
este género. Dientes aislados y un arco neural se iden-
tifican como pertenecientes a notosaurios indetermina-
dos. Los otros elementos estudiados aqui son poco
informativos, y sélo pueden ser asignados a miembros
indeterminados de Eosauropterygia de pequefio a med-
iano tamaifio.

Conclusiones La presencia de Nothosaurus o de una forma
cercanamente emparentada es confirmada en Canales de
Molina. Otros fésiles del yacimiento no permiten asegurar
si hay otros taxones presentes.

Palabras clave Sauropterygia - Nothosaurus -
Muschelkalk - Cordillera Ibérica - Castilla-La Mancha
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1 Introduction

Sauropterygia was a successful clade of diapsid aquatic
reptiles, known from the Early Triassic (Olenekian) to the
end of the Cretaceous (Storrs 1991; Bakker 1993; Jiang
et al. 2014). This clade experienced a rapid diversification
from the Middle to the early Late Triassic (mainly during
the Anisian and Carnian), reaching a high disparity, present
until the end of the Triassic (Stubbs and Benton 2016). The
global fossil record of Triassic sauropterygians is relatively
well-known. Abundant and complete specimens have been
recovered mostly in Europe and China, but also in North
America, the north of Africa and the Middle East (Rieppel
2000; Bardet et al. 2014).

Remains of several sauropterygian clades have been
recovered in the Triassic strata of the Iberian Peninsula,
including cyamodontoid and non-cyamodontoid pla-
codonts, pachypleurosaurs, nothosauroids and pis-
tosauroids (e.g., Fortuny et al. 2011; Reolid et al. 2013;
Miguel Chaves et al. 2015). Most of these remains consist
of isolated and fragmentary elements, which usually pre-
vent a precise taxonomic attribution. These Triassic
sauropterygian fossils have been found in Muschelkalk and
Keuper Facies, in the provinces of Barcelona (Almela and
Llopis Lladoé 1947; Sanz 1983), Lleida (Fortuny et al.
2011), and Tarragona (Via Boada et al. 1977; Sanz 1983;
Martinez-Delclos 1995; Alafont and Sanz 1996; Rieppel
and Hagdorn 1998; Quesada and Aguera Gonzalez 2005),
in Catalonia; Huesca (Ferrando 1912; Sanz 1976), and
Teruel (Kuhn-Schnyder 1966; Lapparent 1966; Rubio et al.
2003; Miguel Chaves et al. 2015), in Aragén; Albacete
(Lapparent 1966; Westphal 1975; Sanz 1991; Alafont,
1992), Ciudad Real (Pinna 1990), Cuenca (Lapparent 1966;
Sanz 1983; Lopez-Gomez 1985; Pinna 1990; Alafont
1999), and Guadalajara (Alafont 1999; Quesada et al.
2009), in Castilla-La Mancha; Soria (Miguel Chaves et al.
2016), in Castilla y Ledn; Jaén (Sanz 1991; Alafont 1992;
Niemeyer 2002; Reolid et al. 2013), in Andalusia; and
Balearic Islands (Bauza Rullan 1955).

Vertebrate remains identified as fishes and reptiles were
discovered in the summer of 1980 in the vicinity of the
village of Canales de Molina (Guadalajara, Castilla-La
Mancha; Castilian branch of the Iberian Ranges, Fig. 1), in
Middle Triassic strata exposed in the margins of the road
N-211. This finding was notified by Alférez et al. (1983),
but none of these remains were described or figured so far.
The fossiliferous levels from which these fossils come
correspond to dolomitic limestones of the upper Muschel-
kalk Facies, belonging to the Royuela Dolostones, Marls
and Limestones Formation (Alférez et al. 1983). These
levels were deposited during the Ladinian (Middle Trias-
sic), in a coastal environment (Marquez-Aliaga and Garcia-
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Fig. 1 Geographical situation of the Ladinian (Middle Triassic,
upper Muschelkalk Facies) fossil site of Canales de Molina
(Guadalajara Province, Spain)

Gil 1991; Vargas et al. 2009; Miguel Chaves et al. 2016;
Sanchez-Moya et al. 2016).

The available information about the eosauropterygians
remains from Canales de Molina was so far extremely
limited. All the remains belonging to this clade have been
analysed, the most relevant of them being presented and
discussed here. Despite of the isolated nature of these
elements, the collection of eosauropterygians presented
here represent one of the largest known so far in Central
Spain. Thus, teeth, appendicular elements and vertebral
remains are studied and discussed. The presence of
Nothosaurus or a related-form is recognized here.

Institutional abbreviations: MGM, Museo Geominero,
Instituto Geoldgico y Minero de Espafia, Madrid, Spain.

2 Systematic palaeontology

Sauropsida Huxley 1864
Sauropterygia Owen 1860
Eosauropterygia Rieppel 1994
Eosauropterygia indet.
(Figure 2a—s3)

Material: More than 130 isolated specimens, correspond-
ing to abundant vertebral remains (most of them being
centra, but isolated neural arches and some vertebrae pre-
serving the fused centrum and arch being also recognized)
(Fig. 2a—s), and some appendicular elements (Fig. 3).

Locality and horizon: Canales de Molina (Guadalajara,
Castilla-La Mancha, Spain). Royuela Dolostones, Marls
and Limestones Formation, Ladinian (Middle Triassic,
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Fig. 2 Some of the eosauropterygian vertebral remains from the
Muschelkalk of Canales de Molina (Guadalajara Province, Spain).
Eosauropterygian centra in dorsal (a-dl, el, f1, g, hl, i-11, ml),
ventral (d2, e2, m4), anterior (f2, h2, 12, m2) and lateral (m3) views
(from a to m: MGM-468T, MGM-469T, MGM-470T, MGM-471T,
MGM-472T, MGM-473T, MGM-371T, MGM-474T, MGM-475T,
MGM-376T, MGM-374T, MGM-362T and MGM-293T). Partial

upper Muschelkalk Facies) (Marquez-Aliaga and Garcia-
Gil 1991; Vargas et al. 2009; Miguel Chaves et al. 2016;
Sanchez-Moya et al. 2016).

Description: More than a hundred isolated vertebral centra
have been recovered, ranging from 0.3 to 2.5 c¢m in length
(Fig. 2a-—m). In dorsal view, all the centra present a but-
terfly-shaped articular surface (sensu Rieppel 1994) for the
neural arch (Fig. 2a—dl, fl1, g, hl, i-11, m1). They are non-
notochordal. Some of the centra are platicoelous (e.g.
Fig. 2m, o), whereas others are slightly amphicoelous (e.g.
Fig. 2n). In addition, some of them are strongly constrained
dorsoventrally, resulting in relatively flattened elements
(Fig. 2f-h). Lateral and ventral constriction are also pre-
sent in some centra (e.g., Fig. 2k). Most of the centra
belong to the dorsal region (e.g., Fig. 21-0), being char-
acterized by the absence of intercentra and articular heads
for the ribs. However, some of them are cervical centra,

el e2

e ¢ T

k

eosauropterygian vertebrae, MGM-287T (n) and MGM-476T (o).
Eosauropterygian neural arches in anterior (@ MGM-290T; r MGM-
477T) and posterior views (p MGM-289T; s MGM-478T). t MGM-
324T, nothosaur neural arch in anterior (t1), posterior (t2) and lateral
(t3 and t4) views. Anatomical abbreviations: ns neural spine, poz
postzygapophysis, prz prezygapophysis, fp transverse process, zph
zygosphene, zyg zygantrum. Scale bar equals 20 mm

being ventrally keeled and presenting an articulation for the
ribs (Fig. 2e2). Finally, others belong to caudal vertebrae,
showing a ventral keel posteriorly bifurcated, conforming
the articular facets for the chevrons (Fig. 2d2).

Most of the complete isolated neural arches have a
relatively small size, the maximum height corresponding to
2.4 cm, and the maximum width to 3.2 cm (Fig. 2n-s).
Although most of them are wider than high (Fig. 2q, r),
some incomplete arches are interpreted as being higher
than wide (e.g., Fig. 2p). The preserved neural spines of the
arches attributed here to Eosauropterygia indet. are pointed
and very low (Fig. 2q, r). The preserved transverse pro-
cesses are tall and slightly prominent. The prezygapophy-
ses and postzygapophyses are recognized as being poorly
conspicuous. A zygosphene-zygantrum articulation can be
observed in the arches that preserve this area (Fig. 2p, s).

Several appendicular elements have also been recov-
ered. Most of them are broken and poorly preserved
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Fig. 3 Femoral
eosauropterygian remains from
the Muschelkalk of Canales de
Molina (Guadalajara Province,
Spain). a MGM-325T, a partial
femur including the diaphysis
and the distal region. b MGM-
326T, diaphysis of a femur.

¢ MGM-327T, a complete right
femur in ventral (c1), dorsal
(¢3) and lateral (c2 and c4)
views. d MGM-331T, proximal
portion of femur in ventral (d1),
dorsal (d3) and lateral (d2 and
d4) views. Anatomical
abbreviation: it internal
trochanter. Scale bar equals

20 mm

fragments, so the systematic information provided by them
is limited. Four elements (i.e. MGM-325T, MGM-326T,
MGM-327T and MGM-331T) correspond to relatively
well-preserved femoral remains (Fig. 3). MGM-325T pre-
serves a part of its diaphysis and also the distal area,
whereas MGM-326T is a diaphyseal fragment (Fig. 3a, b).
The length of the preserved region of the first one is
5.5 cm, and that of the other is 8.1 cm. They are slender
and slightly sigmoidal elements, showing a diaphyseal
constriction. The articular facets for the tibia and fibula,
observed in the distal head of MGM-325T, are not
prominent. MGM-327T is a complete right femur (Fig. 3c).
It is 6.5 cm in length. It shares with MGM-325T and
MGM-326T the very slender and curved morphology, and
the presence of a constrained diaphysis. The proximal
region is more expanded and massive than the distal one.
The proximal region presents an internal trochanter not
separated from the femur because the intertrochanteric
fossa is poorly developed. Thus, the femoral head shows a
triangular section in transversal view. The distal area of the
femur is less developed than the proximal. One of the
articular facets is broken. MGM-331T is a proximal portion
corresponding to a bigger femur than those previously
described (Fig. 3d). The maximum length of the preserved
region of this bone is 4 cm, the maximum diameter being
2.6 cm. The external surface of this bone is poorly pre-
served, being dorsally eroded. The internal trochanter is
poorly developed. The intertrochanteric fossa is very
shallow.

@ Springer

Sauropsida Huxley 1864
Sauropterygia Owen 1860
Eosauropterygia Rieppel 1994
Nothosauroidea Baur 1889
Nothosauria Baur 1889
Nothosauria indet.

(Figure 4)

Material: Five isolated teeth belonging to indeterminate
members of the clade Nothosauria (Fig. 4).

Locality and horizon: Canales de Molina (Guadalajara,
Castilla-La Mancha, Spain). Royuela Dolostones, Marls
and Limestones Formation, Ladinian (Middle Triassic,
upper Muschelkalk Facies) (Marquez-Aliaga and Garcia-
Gil 1991; Vargas et al. 2009; Miguel Chaves et al. 2016;
Sanchez-Moya et al. 2016).

Description: Some teeth belonging to indeterminate
nothosaurs have also been recovered in Canales de Molina
(Fig. 4). The maximum length of the preserved region of
these teeth ranges from 0.6 to 1.7 cm. These teeth are
conical, pointed and slender (Fig. 4c), ranging from almost
straight elements (Fig. 4c, d) to others with a distinct
curvature in the basal half of the crown (Fig. 4a, b, ). They
are circular in section. Some of the teeth preserve the
partial root, lacking a constriction between the crown and
this area (Fig. 4a, ¢, d). The teeth present ornamented
enamel along the entire crown, composed of numerous
longitudinal ridges that are equidistantly located from each
other. The depressions between the ridges are very narrow
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Fig. 4 Nothosaur isolated teeth
from the Muschelkalk of
Canales de Molina (Guadalajara
Province, Spain). From left to
right: MGM-425T (a), MGM-
424T (b), MGM-394T (c),
MGM-395T (d) and MGM-
396T (e). Scale bar equals

20 mm

a b

when compared to the width of the ridges. Although most
of the ridges are simple, some of them are bifurcated close
to the root of the tooth.

Sauropsida Huxley 1864

Sauropterygia Owen 1860

Eosauropterygia Rieppel 1994

Nothosauroidea Baur 1889

Nothosauria Baur 1889

Nothosauridae Baur 1889

Nothosauridae indet.

(Figure 2t)

Material: MGM-324T, an almost complete isolated neural
arch, lacking the transverse processes (Fig. 2t).

Locality and horizon: Canales de Molina (Guadalajara,
Castilla-La Mancha, Spain). Royuela Dolostones, Marls
and Limestones Formation, Ladinian (Middle Triassic,
upper Muschelkalk Facies) (Marquez-Aliaga and Garcia-
Gil 1991; Vargas et al. 2009; Miguel Chaves et al. 2016;
Sanchez-Moya et al. 2016).

Description: This neural arch is 3.4 cm in height, 2.8 in
width, and 1.2 in length. The neural canal is slightly ovoid,
taller than wide. The neural spine is straight. It is taller than
the rest of the arch, its height being 1.9 cm. Its apical
region is slightly ornamented by small pits (Fig. 2t5). This
spine is lateromedially expanded toward the tip, being
apically inflated. MGM-324T presents a well-developed
bipartite zygosphene in the anterior surface (Fig. 2t5, t6),
and a zygantrum consisting of two depressions separated
by a thin lamina of bone in the posterior surface of the
neural arch (Fig. 2t2). The prezygapophyses and postzy-
gapophyses are also preserved, being recognized as poorly
developed.

Sauropsida Huxley 1864
Sauropterygia Owen 1860
Eosauropterygia Rieppel 1994
Nothosauroidea Baur 1889

Nothosauria Baur 1889
Nothosauridae Baur 1889

cf. Nothosaurus Miinster 1834
cf. Nothosaurus

(Figure 5)

Material: MGM-285T, the proximal (MGM-285Ta) and
distal (MGM-285Tb) portions of a right humerus (Fig. 5).

Locality and horizon: Canales de Molina (Guadalajara,
Castilla-La Mancha, Spain). Royuela Dolostones, Marls
and Limestones Formation, Ladinian (Middle Triassic,
upper Muschelkalk Facies) (Marquez-Aliaga and Garcia-
Gil 1991; Vargas et al. 2009; Miguel Chaves et al. 2016;
Sanchez-Moya et al. 2016).

Description: MGM-285T is a partial and eroded right
humerus that only preserves the proximal and distal regions
(MGM-285Ta and MGM-285Tb, respectively), lacking the
diaphysis (Fig. 5). Both fragments corresponds to
dorsoventrally compressed elements (Fig. 5a3, b3). The
preserved region of the proximal region has 6.8 cm in
height and 4.6 cm in width. Its ventral surface is flat
(Fig. 5al). The dorsal surface presents a concavity in the
postaxial half, and also an elevated area that corresponds to
a well-developed region for the latissimus dorsi insertion
(sensu Bickelmann and Sander 2008) (Fig. 5a2). This
humerus also presents a well-developed and relatively flat
deltopectoral crest (sensu Bickelmann and Sander 2008).
The deltopectoral crest and the area for the latissimus dorsi
insertion give the proximal portion an angulated aspect.
The distal portion of the humerus is relatively flat element,
with a fan-like morphology (Fig. 5b). It is 8.4 cm in height
and 4.5 cm in width. Its external surface is eroded, being
partially lost, especially in the ventral surface. The epi-
condyles are weakly developed. The ectepicondylar groove
is located in the preaxial margin. The entepicondylar
foramen cannot be recognized, due to the poor preservation
of the bone.
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al a2

Fig. 5 MGM-285T, a partial humerus of cf. Nothosaurus from the
Muschelkalk of Canales de Molina (Guadalajara Province, Spain).
a MGM-285Ta, proximal head in ventral (al) and dorsal (a2) views.
b MGM-285Tb, distal head in ventral (bl) and dorsal (b2) views.
¢ Schematic reconstruction of the humerus with the grey areas

3 Discussion

Although the reptile remains from the Middle Triassic
levels of Canales de Molina studied here are isolated and,
in some cases, fragmentary elements, they provide enough
information to identify them as Eosauropterygia.

The vertebral centra of the members of Eosauropterygia
have a butterfly-shaped articular surface with the neural
arch, recognized as a synapomorphy for this clade (Rieppel
1994). This morphology is present in all the centra from
Canales de Molina studied here, allowing us its attribution
to Eosauropterygia. Some of the studied centra are ven-
trally keeled and present an articulation for the ribs
(Fig. 2e2), characters that allow us to recognize them as

@ Springer
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a3 c

dpc

b3

representing the recovered fragments. Anatomical abbreviation: dpc
deltopectoral crest, ect. gr. ectepicondylar groove, Idi latissimus dorsi
insertion (sensu Bickelmann and Sander 2008). Scale bar equals
20 mm

cervical centra; others show a ventral keel posteriorly
bifurcated, conforming the articular facets for the chevrons
(Fig. 2d2), indicating a caudal position (Rieppel
1994, 2000). Most of the centra, however, lack these
structures, being identified as belonging to the dorsal
region. The centra identified as dorsal show several mor-
phologies and sizes. Some centra are wider than larger
(Fig. 2f), the opposite condition being recognized in others
(e.g., Fig. 2b, e). Some of them are strongly constrained
dorsoventrally, resulting in flattened elements (Fig. 2f-h),
but this condition is not present in others (e.g., Fig. 2i-k,
m). This flattening is not caused by taphonomical causes.
Finally, whereas some of vertebral centra are slightly
amphicoelus (e.g., Fig. 2n), others are completely
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platycoelous (e.g., Fig. 2m). The basal sauropterygians
(i.e., those members of the clade Sauropterygia that do not
include the plesiosaurs) present a paedomorphic postcra-
nial skeleton, including the lack of fusion of the neuro-
central suture (Rieppel 1993, 2000). Therefore, the finding
of isolated centra and neural arches of eosauropterygians
cannot been explained by ontogenetic causes. This, toge-
ther with the poorly informative nature of the centra of this
group, only allow the attribution of these elements from
Canales de Molina to indeterminate members of
Eosauropterygia.

The neural arches from the Muschelkalk of Canales de
Molina can be also attributed to the clade Eosauropterygia.
They present an additional articulation in the neural arch,
the zygosphene-zygantrum articulation (Fig. 2p, s, tl, t2),
which is an exclusive character for the clade (Rieppel
1994). Some of the best preserved arches are of small size,
lacking prominent transverse processes and characterized
by the presence of a very low spine (Fig. 2q, r). This
morphology is present in some clades of Eosauropterygia
of small size, like pachypleurosaurs and most of the lar-
josaurs, but also in the cervical vertebrac of
eosauropterygians with high neural spines, like some spe-
cies of Nothosaurus (considered here as a monophyletic
genus following Lin et al. 2015, although some studies, like
Liu et al. 2014 and Klein et al. 2016, indicate that it could
be paraphyletic) (see Figs. 5 and 7 in Diedrich 2013a).
Thus, most of the neural arches from Canales de Molina
are identified as belonging to indeterminate members of
Eosauropterygia. However, the availability of more char-
acters which provide systematic information in other ver-
tebral elements from this site allows a more precise
taxonomic attribution, being assigned to Nothosauridae.
This is the case of MGM-324T (Fig. 2t), a well preserved
neural arch that shows a well-developed bipartite zygo-
sphene (Fig. 2tl, t5, t6). The neural arches of the notho-
saurs present this structure, whereas its development is
smaller in other eosauropterygians (Rieppel and Wild
1996; Rieppel et al. 1997).

The femoral remains studied here can also be identified
as belonging to Eosauropterygia (Fig. 3). The femur in
this group is usually a slender and sigmoidally curved
element, with the proximal region bigger than the distal
one, and presenting confluent articular facets for the tibia
and fibula not projected from the distal end of the femur
(Sanz 1984; Rieppel 2000; Klein 2010). MGM-325T,
MGM-326T, MGM-327T and MGM-331T share these
characters (Fig. 3). In addition, the intertrochanteric fossa
is very shallow in this clade, the internal trochanter being
weakly developed, resulting in a triangular section of the
proximal area (Rieppel 1994, 2000). The characteristic
eosauropterygian proximal head, with reduced internal
trochanter and intertrochanteric fossa, can be observed in

MGM-327T and MGM-331T (Fig. 3c, d). Although the
appendicular skeleton in basal sauropterygians is paedo-
morphic for several characters, including the presence of
reduced epicondyles, these structures are already ossified
at early stages of development (Rieppel 1993, 2000; Lin
and Rieppel 1998). Thus, other aspects, as the humerus/
femur ratio of the same specimen (not known here) are
used as indicators of maturity (Lin and Rieppel 1998). In
addition, the femur in Eoauropterygia is a conservative
element, so it is commonly not possible to distinguish
those of different members (Sanz 1984; Rieppel 2000;
Klein 2010). Considering all these ideas, and also the fact
that the femoral remains from Canales de Molina are
broken and isolated bones, there is no possibility to assess
whether the differences in size and morphology described
in this paper correspond to interspecific or intraspecific
variability.

Some of the isolated teeth recovered from Canales de
Molina present a root, which indicates a thecodont
implantation (Fig. 4a, ¢, d). The members of Sauroptery-
gia, like many other groups of reptiles, present thecodont
implantation (Rieppel 2001a). The teeth of Canales de
Molina show an ornamented crown consisting of long and
longitudinal ridges (Fig. 4). This is consequence of the
folding of the enamel, a character shared by most of the
Triassic eosauropterygians (Sanz 1980; Alafont 1992).
Although the ornamentation of the enamel has taxonomic
utility in plesiosaurs, this is not the case in basal
eosauropterygians due to their huge intraspecific and, even,
intraindividual degree of variability (Sanz 1980, 1984;
Alafont 1992). The teeth from Canales de Molina are
slender, conical, pointed and recurved. Within basal
eosauropterygians, this dental morphology has been tradi-
tionally associated with nothosaurs (Sanz 1980; Alafont
1992), but some non-nothosaurid eosauropterygians pre-
sent similar dentition to that of the nothosaurs (e.g., Cor-
osaurus alcovensis from the United States, or Chinchenia
sungi and Dawazisaurus brevis, from China. See Storrs
1991; Rieppel 1999; Cheng et al. 2016). However, the only
known eosauropterygians with this morphology from the
Triassic record of Europe are the nothosaurs, which are
relatively common in the Spanish Middle Triassic record
(e.g., Kuhn-Schnyder 1966; Sanz 1976, 1983, 1991; Ala-
font 1992, 1999; Niemeyer 2002; Reolid et al. 2013). Thus,
the pachypleurosaurs present a straight crown, only curved
in the apex; Simosaurus has blunt and conical teeth, con-
strained in the base; and the pistosaurs lack ornamentation
(Sanz 1980; Rieppel 1994; Diedrich 2013b). The different
degree of curvature in the teeth from this site can be
explained by the strong heterodonty present in the notho-
saurs (Sanz 1980). Therefore, we attributed the teeth from
Canales de Molina to indeterminate members of
Nothosauria.
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MGM-285T is a partial humerus which only preserves
the proximal and distal regions (Fig. 5). Although the distal
portion is poorly preserved, the epicondyles, weakly
developed, can be identified (Fig. 5b). The basal members
of Sauropterygia present poorly developed epicondyles in
the long bones, which is a consequence of the paedomor-
phosis that characterizes the postcranial skeleton of the
group (Rieppel 1993, 2000; Bickelmann and Sander 2008).
The proximal head is angulated. It presents a distinct del-
topectoral crest and a well-developed latissimus dorsi
insertion (Fig. 5a). This character combination has been
identified as being exclusive of the eosauropterygian
Nothosaurus (Bickelmann and Sander 2008). However, the
humerus from Canales de Molina is rather flat, whereas the
humerus in Nothosaurus, as in other eosauropterygians,
usually presents a massive proximal region (Rieppel 2000;
Bickelmann and Sander 2008; Klein 2010). The flattening
of the proximal portion of the humerus from Canales de
Molina does not seem to be caused by taphonomical cau-
ses, so we classify this element as cf. Nothosaurus.

Remains attributed to the sauropterygian genus Notho-
saurus are relatively common in Europe, having been
found in Middle and lower Upper Triassic levels of several
countries (e.g., France, Germany, the Netherlands, Spain),
but also in the north of Africa (Tunisia), Middle East (Is-
rael) and Asia (China) (Rieppel and Wild 1996; Rieppel
et al. 1997, 1999; Rieppel 2000, 2001b; Albers and Rieppel
2003; Li and Rieppel 2004; Albers 2005; Jiang et al. 2006;
Shang 2006; Bickelmann and Sander 2008; Klein and
Albers 2009; Ji et al. 2014; Liu et al. 2014; Klein et al.
2015). This taxon have been recognized in several sites of
the Iberian Peninsula: in the Spanish provinces of Teruel
(Aragdn), Lleida (Catalonia), Jaén (Andalusia) and Soria
(Castilla y Ledn) (Kuhn-Schnyder 1966; Sanz 1983; Nie-
meyer 2002; Reolid et al. 2013; Miguel Chaves et al.
2016). The first of the confirmed references to Nothosaurus
in the Iberian Peninsula comes from the Muschelkalk of the
locality of Royuela (Teruel), where a sacral vertebrae, and
several teeth and ribs were assigned to this genus (Kuhn-
Schnyder 1966). A new species of Nothosaurus, N. cy-
matosauroides, was described based on the cast of a skull,
vertebrae, ribs and gastral elements an individual from the
Muschelkalk of Alcover (Lleida) (Sanz 1983). However,
the validity of this species was subsequently discussed by
Rieppel (2000), due to the poorly informative nature of the
specimen. Some isolated bones (including vertebrae, teeth,
ribs, a possible fragment of jaw, a clavicle, a scapula, a
coracoid, two humeri, a femur, a tibia and an ilion) were
recovered from the Muschelkalk of Siles (Jaén), and
attributed to Nothosaurus (Niemeyer 2002). Several ver-
tebral remains from the Muschelkalk of Puente Génave-
Villarodrigo, also in Jaén, were identified as belonging to
Nothosaurus (Reolid et al. 2013). The last identified
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reference to this genus in the Iberian Peninsula corresponds
to four partial vertebrae of a single specimen from the
Muschelkalk of Fuencaliente de Medinaceli (Soria),
attributed to Nothosaurus cf. giganteus (Miguel Chaves
et al. 2016).

4 Conclusions

The Ladinian (Middle Triassic) site of Canales de Molina
(Guadalajara, Spain), located in upper Muschelkalk Facies
belonging to the Royuela Dolostones, Marls and Lime-
stones Formation, has provided an abundant sample of
isolated eosauropterygian fossil remains. These bones
include vertebrae, teeth and appendicular elements. Most
of them only allow the identification of small to medium
sized indeterminate members of Eosauropterygia. Other
elements allow more precise taxonomical attributions.
Thus, the isolated teeth and the neural arch MGM-324T
allow us to recognize the presence of nothosaurs in Canales
de Molina. The relatively large fragmentary humerus
MGM-285T shows a combination of characters tradition-
ally considered exclusive of the eosauropterygian Notho-
saurus. In addition, other indeterminate and relatively large
eosauropterygian elements are also compatible with this
taxon, also corresponding to relatively large individuals.
This is the case of some of the vertebral elements (the
centrum MGM-293T or the neural arch MGM-324T), the
teeth or the proximal head of the femur MGM-331T.
However, considering the limited availability of characters,
they are attributed here to indeterminate nothosaurs (the
teeth and the neural arch MGM-324T) and to indeterminate
members of Eosauropterygia (the vertebral centrum MGM-
293T and the partial femur MGM-331T). Considering the
relatively limited availability of characters, and the pae-
domorphic nature of the postcranial skeleton of this group,
the attribution of the small elements to other small forms
identified in the Iberian Triassic record (i.e. lariosaurs or
pachypleurosaurs) or to juvenile individuals of Notho-
saurus or to a taxon closely related to it, cannot be per-
formed. Thus, at least a relatively large member of
Eosauropterygia, closely related to Nothosaurus, is identi-
fied in this site.
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