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Abstract

Purpose and methods Since the second half of the 19th
century, the Arcillas de Morella Formation (late Bar-
remian) has yielded abundant vertebrate fossil material
from several outcrops of the Morella region (Maestrat
Basin, Castellon, eastern Spain). Several historical speci-
mens of fossil reptiles, so far unpublished or not studied in
detail, are housed in the Museo Nacional de Ciencias
Naturales in Madrid (Spain). In fact, many of the first
dinosaur specimens discovered in Spain, from Morella, are
part of the vertebrate palaeontology collection of that
institution. Herein, this sauropod material is described and
discussed in order to study the diversity of the sauropod
fauna during the late Barremian on the Maestrat Basin.
Results The specimens include both axial and appendicu-
lar elements. The systematic study of this material suggests
the presence of indeterminate titanosauriforms, some of
which have somphospondylan and ‘laurasiform’ affinities.
Comparative analysis of two isolated humeri from Morella
(MNCN 59703 and MNCN 68484) and a humerus
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subsequently found in this area, indicates the presence of
three titanosauriform taxa in the upper Barremian of the
Maestrat Basin, two of which have somphospondylan
affinities.

Conclusions The sauropod diversity of the Arcillas de
Morella Formation recognized herein, in particularly con-
sidering the titanosauriforms, is greater than that previously
considered, at least three taxa.

Keywords Sauropoda - Titanosauriformes - Maestrat
Basin - Barremian - Systematics

Resumen

Objetivos y métodos Numerosos especimenes de verte-
brados fosiles han sido identificados, desde la segunda
mitad del siglo XIX, en varios yacimientos de la For-
macion Arcillas de Morella (Barremiense superior) situa-
dos en la localidad de Morella (Cuenca del Maestrazgo,
Castellon, este de Espafa). Varios ejemplares clasicos,
correspondientes a fosiles de reptiles procedentes de
Morella, pero que permanecian hasta ahora inéditos y que
no habian sido detalladamente analizados, estan deposita-
dos en el Museo Nacional de Ciencias Naturales (Madrid).
De hecho, varios de los primeros especimenes de dino-
saurios descubiertos en Espafa, procedentes de Morella,
forman parte de la coleccion de paleontologia de verte-
brados de dicha institucion. El material de saurépodos es
descrito y discutido en este trabajo, con el objetivo de
analizar la diversidad de este grupo de dinosaurios regis-
trada en el Barremiense superior de la Cuenca del
Maestrazgo.

Resultados Los ejemplares analizados incluyen tanto ele-
mentos axiales como apendiculares. El estudio sistematico
de este material permite reconocer la presencia de titano-
sauriformes indeterminados, identificindose formas afines
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a Somphospondyli y ‘Laurasiformes’. El analisis compa-
rativo de dos himeros clasicos aislados de Morella (MNCN
59703 y MNCN 68484), y de un tercer humero hallado con
posterioridad en esta region, permite reconocer la presencia
de tres miembros de Titanosauriformes en el Barremiense
superior de la Cuenca del Maestrazgo, dos de ellos com-
patibles con Somphospondyli.

Conclusiones La diversidad de saur6podos de la For-
macion Arcillas de Morella reconocida aqui, compuesta
por miembros de Titanosauriformes, es mayor que aquella
hasta ahora notificada, estando integrada por, al menos, tres
taxones.

Palabras clave Sauropoda - Titanosauriformes - Cuenca
del Maestrazgo - Barremiense - Sistematica

1 Introduction

The Barremian-Aptian (Lower Cretaceous) sedimentary
rocks of the Iberian Peninsula are rich in dinosaur fossil
remains. Several discoveries have been made in Portugal
(e.g., Lapparent and Zbyszewski 1957; Antunes and
Mateus 2003; Mateus et al. 2011a; Figueiredo et al. 2015)
and, especially, in Spain (e.g., Lapparent 1966; Sanz et al.
1982, 1988, 1996; Sanz and Buscalioni 1992; Pérez-Mor-
eno et al. 1994; Pereda Suberbiola et al. 2003, 2012; Ruiz
Omefiaca and Canudo 2003; Ortega et al. 2006, 2010;
Canudo et al. 2008,; Gasulla et al.
2011a, b, 2012, 2014, 2015; Ruiz-Omeiiaca 2011;
McDonald et al. 2012; Royo-Torres et al. 2012; Kirkland
et al. 2013; Verdd et al. 2015). Although sauropods are a
relatively common group of dinosaurs, the first partial
skeletons from the Iberian Peninsula were not found until
the end of the twentieth century (e.g., Sanz et al. 1982;
Pereda Suberbiola et al. 2003; Fuentes Vidarte et al. 2005;
Canudo et al. 2008; Gasulla et al. 2008, 2010; Royo-Torres
et al. 2012; Fernandez-Baldor et al. 2013).

Only two Early Cretaceous sauropods from the Iberian
Peninsula have been described to date: Tastavinsaurus
sanzi Canudo et al. 2008 and Demandasaurus darwini
Torcida Fernandez-Baldor et al. 2011. Tastavinsaurus
sanzi is a somphospondylan titanosauriform first found in
Pefiarroya de Tastavins (Teruel; Xert Formation, upper-
most Barremian) and described by Canudo et al. (2008).
These authors considered it as the sister taxon of Ve-
nenosaurus dicrocei Tidwell et al. 2001, a titanosauriform
from the Lower Cretaceous of Utah (USA). Different
phylogenetic positions were proposed for Tastavinsaurus
on the basis of this specimen (e.g., Royo-Torres 2009;
Carballido et al. 2011b; D’Emic 2012). Royo-Torres et al.
(2012) described a new specimen referred to 7. sanzi from
El Castellar (Teruel; Forcall Fm., lower Aptian), this taxon
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being considered as a basal somphospondylan (following
the definition of Wilson and Sereno 1998), belonging to a
new clade defined as Laurasiformes (Royo-Torres 2009;
Royo-Torres et al. 2012). Similar results were obtained by
Royo-Torres et al. (2014). Carballido and Sander (2014)
recovered Tastavinsaurus as a non-titanosauriform
macronarian. Mannion et al. (2013) and Poropat et al.
(2015, 2016) resolved Tastavinsaurus as a non-ti-
tanosaurian, non-euhelopodid somphospondylan. Upchurch
et al. (2015) resolved it as either a non-titanosauriform
macronarian or a non-euhelopodid, non-titanosaurian
somphospondylan. Pereda Suberbiola et al. (2003) pub-
lished a partial skeleton found near Salas de los Infantes
(Castrillo de la Reina Fm., upper Barremian-lower Aptian).
This specimen was later attributed to a new taxon, the
rebbachisaurid Demandasaurus darwini (Tor-
cida Fernandez-Baldor et al. 2011), and considered as a
member of Nigersaurinae (Whitlock 2011; Carballido et al.
2012). Wilson and Allain (2015) renamed this clade as
Rebbachisaurinae. Furthermore, an undescribed
titanosauriform specimen from El Oterillo II (Castrillo de
la Reina Fm. in Salas de los Infantes, Burgos) has been
mentioned (Torcida Fernandez-Baldor et al. 2013), as has
another, which is based on several skeletons from Sant
Antoni de la Vespa (Arcillas de Morella Fm., Morella)
(Mocho et al. 2016a).

The Arcillas de Morella Formation (upper Barremian) is
rich in vertebrate fossil sites, many of which are notable for
their dinosaur fauna (e.g. Sanz et al. 1982; Ortega et al.
2006; Santos-Cubedo et al. 2009; Gasulla et al.
2011b, 2012, 2015). Several sauropod specimens have
been identified from this Formation, including some found
prior to 1980s (e.g., Sanz et al. 1982, Sanz 1984, 1996;
Pereda Suberbiola and Ruiz Omefaca 1999; Ruiz Omenaca
et al. Ruiz-Omeifiaca et al. 2003) and several specimens that
have been found since then, some of which comprise par-
tial skeletons (Sanz et al. 1982; Yagué et al. 2001; Ortega
et al. 2006; Gasulla et al. 2008, 2011a, 2012; Santos-
Cubedo et al. 2010; Mocho et al. 2016a). All authors agree
that Titanosauriformes are present there, with some spec-
imens said to have affinities with Brachiosauridae (Sanz
et al. 1982; Yagué et al. 2001; Ortega et al. 2006; Gasulla
et al. 2008) and others with Titanosauria (Santos-Cubedo
et al. 2010). More recently, Mocho et al. (2016a) proposed
a preliminary phylogenetic approach for the sauropod
taxon found in Sant Antoni de la Vespa (Morella). Remains
of at least three sauropod individuals were collected from
this locality, which yields the most complete sauropod
specimens known from this Formation. The Sant Antoni de
la Vespa taxon was recovered as a member of the
Titanosauriformes clade, closely related to Tastavinsaurus
sanzi (late Barremian-early Aptian) (Mocho et al. 2016a).
Sanz et al. (1982) identified the remains of a sauropod in El
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Fig. 1 Geographical and stratigraphic locations of the Morella
dinosaur sites (Castellon, Spain) which have yielded the sauropod
remains mentioned in this paper. a Geographic location of Morella.
b Chronostratigraphic chart of the Barremian-Early Aptian of the
Maestrat Basin, showing the position of the Arcillas de Morella
Formation, from which the remains of sauropods studied in this paper
are derived. Modified from Fig. 3 of Bover-Arnal et al. (2016).

Canteret (Morella); a systematic re-evaluation of this
specimen might alter our views on the diversity of this
clade in the Early Cretaceous of Spain.

The present study is focused on the detailed description
and discussion of several sauropod specimens housed in the
Museo Nacional de Ciencias Naturales (Madrid, Spain),
among which are some of the first dinosaur specimens
found in Spain (see Pérez-Garcia et al. 2009 and references
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¢ Geographical situation of the outcrops or fossiliferous areas of
Morella and Cinctorres that produced the sauropod remains cited in
this paper: I El Beltran, Morella; 2 outcrop next to the bridge on the
Bergantes River, on the road that connects Morella with Cinctorres,
Morella; 3 El Canteret, Morella; 4 Sant Antoni de la Vespa, Morella;
5 Ana, Cinctorres

therein). All studied specimens were found in the Arcillas
de Morella Formation cropping out in Morella (Maestrat
Basin) (Fig. 1). This upper Barremian unit was deposited in
muddy and fluvial plains with some marine and tidal
influence, especially towards the top of the Formation
(Gamez et al. 2003; Bover-Arnal et al. 2016). The sys-
tematic study of these specimens is necessary if we try to
understand the composition of the sauropod faunas during
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the Early Cretaceous of the Maestrat Basin, and their
relationship with several subsequent discoveries such as
those made at El Canteret and Sant Antoni de la Vespa
(e.g., Ortega et al. 2006). In this paper, the presence of
three different sauropod taxa in the Arcillas de Morella Fm.
is determined for the first time.

Anatomical abbreviations prdl, prezygodiapophyseal
lamina; spof, spinopostzygapophyseal lamina; sprl, spino-
prezygapophyseal lamina.

Institutional abbreviations MNCN, Museo Nacional de
Ciencias Naturales, Madrid, Spain.

2 Historical context

Systematic studies of Spanish dinosaurs developed much
more slowly than in other European countries. In fact, the
modern development of this discipline in Spain began in
the early 1980s, specifically from the paper of Sanz et al.
(1982) in which the dinosaur fauna of the upper Barremian
Arcillas de Morella Formation was analysed. In addition,
the record from this formation is relevant from a historical
point of view, including both: some of the earliest Spanish
dinosaur discoveries, presented by Juan Vilanova y Piera in
the second half of the nineteenth century (Vilanova y Piera
1872, 1873); the initiation of systematic prospecting and
study of these reptiles was performed by José Royo y
Gomez and his collaborators in the first decades of the
twentieth century (e.g. Royo y Gémez 1926a, b, 1927a, b,
see also Pérez-Garcia et al. 2009). The Spanish Civil War
(1936-1939) ended the Royo y Gémez research on these
faunas. Most of the specimens collected by him were not
figured and remain currently undescribed or have not been
studied in detail, and have not been reviewed in light of the
information now available on both taxa from Morella and
other European sauropods.

In 1872, Vilanova y Piera reported the presence of
several remains of large reptiles in the area of El Beltran
(Morella) (Vilanova y Piera 1872; Gasulla et al. 2009). The
specimen MNCN 59506, studied here, corresponds to one
of these fossils. These specimens were discovered in 1868
by Nicolas Ferrer Julve (Segura Barreda 1868; Gasulla
Asensio 2005; Pereda Suberbiola and Ruiz-Omenaca 2005;
Pérez-Garcia et al. 2009). In 1873, Vilanova y Piera
attributed these remains to Iguanodon, without justifying
this identification (Ruiz-Omeiiaca et al. 2003; Pérez-Garcia
et al., 2009). Ruiz-Omeiiaca et al. (2003), Pereda Suber-
biola and Ruiz-Omenaca (2005) and Pereda Suberbiola
et al. (2006) indicated that none of the specimens of
Morella from the Vilanova y Piera collection can be
attributed to Iguanodon. MNCN 59506 was recognized as a
neural spine of a diplodocoid sauropod by Pereda Suber-
biola and Ruiz-Omenaca (2005).
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In 1914, José Royo y Gomez made his first dinosaur
discovery, in the historical locality of El Beltran (Royo y
Gomez 1926a, b). He and his collaborators collected
remains of dinosaurs and other Mesozoic reptiles from
several outcrops of the Arcillas de Morella Formation for
more than two decades.

In the summer of 1922, a bridge over the Bergantes
River (in Morella) was built using material extracted from
a nearby outcrop. This material included abundant fossil
remains, among them appendicular bones and vertebrae of
large dinosaurs (Royo y Gomez 1926a, b). The Piarists
members of a Catholic religious institute who were based
in Morella collected some of these remains and reported
their discoveries to Royo y Gomez, who also collected
other bones and prospected the area. Thus, in March 1923,
he discovered and extracted several specimens, among
them MNCN 59697, MNCN 59691 and MNCN 9363
(Pérez-Garcia et al. 2009). Other specimens are also known
to have been found in El Beltran at that time. It is probable,
for example, that MNCN 68484 is one of the bones found
by the Piarists in that outcrop, having being donated to the
MNCN in 1924 (Pérez-Garcia et al. 2009). MNCN 31050,
MNCN 50414 and MNCN 68484 come from that outcrop
or from El Beltran (Pérez-Garcia et al. 2009). Accurate
information on the date of collection and on the outcrop
from where MNCN 59703 derives is not known, but it was
also probably found in one of these locations and in that
period (see descriptions and discussions of all these spec-
imens in the following sections).

Between November 1924 and February 1925, Royo y
Gomez carried out comparative studies between the
Spanish material and specimens deposited in several
paleontological collections in France, Switzerland, Ger-
many and Belgium (Royo y Goémez 1925; Pérez-Garcia
et al. 2009). As a result, he concluded that a sauropod that
could belong to the genus Cetiosaurus was represented in
the Mesozoic of eastern Spain (both in the Villar del
Arzobispo Formation, in Benagéber, and the Arcillas de
Morella Fm., in Morella) (Royo y Gémez 1925). However,
as in his other works on these reptiles, no sauropod spec-
imen was figured or described, nor the characters of the
specimen discussed or the attribution to Sauropoda
justified.

Royo y Gomez visited the British Museum (Natural
History) (London) in May 1927 in order to conduct addi-
tional comparative studies. This allowed him to recognize
that the taxon from Benagéber (Valencia) and that from
Morella represented two different forms, both of which he
identified as cetiosaurids. Royo y Gémez recognized that
several of the bones from Morella were attributable to
Sauropoda, including a femur (MNCN 9363) and the
aforementioned vertebrac (MNCN 59691, 59697), as well
as other vertebrae (MNCN 59509, 59510, 59694 and
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59695), which were also collected in the previous years.
However, several vertebrae now recognized as pertaining
to ornithopod dinosaurs were erroneously attributed to
Sauropoda by him (MNCN 59693, 59696, 59698 and
59699). In addition, he thought that MNCN 68484, here
interpreted as a sauropod humerus, was a stegosaurid femur
(see Pérez-Garcia et al. 2009). Other bones attributed to
Stegosauria by Royo y Gémez are now known belong to
other taxa, as is the case of MNCN 68485, which is an
ornithopod vertebra (see Pérez-Garcia et al. 2009). The
interpretation by Royo y Gomez that only a single taxon,
represented by multiple specimens (which we now realize
pertain to multiple taxa) was present in Morella led him to
suggest that they represented a new species of Cetiosaurus
(Royo y Gémez 1927a, b).

Sanz et al. (1982) and Sanz (1984, 1996) noted that the
identification of Cetiosaurus in Morella was unlikely and
suggested instead that some of the material pertained to a
brachiosaur sauropod. Ruiz-Omefiaca and Pereda-Suber-
biola (1999) assigned some sauropod caudal vertebrae from
Morella (and more specifically the Royo y Gomez collec-
tion) to primitive titanosauriforms. They suggested that the
bone MNCN 68484, previously assigned by Royo y Gomez
to the femur of a stegosaurid, was a very graceful humerus

b

N\
sprl? spol?
f — g h

Fig. 2 Historical sauropod specimens from the late Barremian of the
Arcillas de Morella Formation (Morella, Castellén, Spain). a-e,
Sauropoda indet., right ungual I (MNCN 50414) in medial (a),
proximal (b), lateral (c), ventral (d) and dorsal views. f-
h Eusauropoda indet., middle or posterior dorsal neural spine (MNCN
59506) in anterior (f), left (g) and posterior (h) view. Scale bars
50 mm. gr groove, spdl spinodiapophyseal lamina, spol spinopostzy-
gapophyseal lamina, sprl spinoprezygapophyseal lamina, tap trian-
gular aliform process

of a brachiosaur sauropod. Furthermore, Ruiz-Omefiaca
et al. (2003) noted the presence of Sauropoda indet. and
Titanosauriformes indet. Nevertheless, none of these his-
torical specimens have been analysed in detail. Rectifying
and studying these sauropod specimens are the motivations
for this paper.

3 Systematic paleontology

All the specimens herein described were found in Morella,
in levels of the Arcillas de Morella Formation (late Bar-
remian sensu Bover-Arnal et al. 2016), Maestrat Basin.
More precise locality details for each specimen are given in
their respective historical context sections).

Dinosauria Owen, 1842
Saurischia Seeley, 1887
Sauropodomorpha Huene, 1932
Sauropoda Marsh, 1878
Sauropoda indet.

(Figure 2a—e)

3.1 MNCN 59706

Material Left anterior-middle dorsal rib (MNCN 59706).

Description MNCN 59706 corresponds to a partial anterior
or middle left dorsal rib lacking the proximal and distal
ends. This rib has an L-shaped cross-section and becomes
transversely compressed distally. This element does not
preserve evidences of pneumaticity.

Discussion: This rib is referred to Sauropoda indet. because
it is L-shaped in cross-section as occur in the middle sec-
tion of sauropod dorsal ribs (e.g., Janensch 1950).

3.2 MNCN 50414

Material Right pedal ungual I (MNCN 50414) (Fig. 2a—e).

Description MNCN 50414 is interpreted as an ungual I of a
right pes (Fig. 2a—e). This bone bears a dorsoventrally
convex medial surface and a dorsoventrally flat lateral one;
the latter is marked by a longitudinal groove. The distal tip
is ventrolaterally deflected. The proximal surface extends
to the ventral surface of the ungual. The proximal surface is
sub-oval in proximal view and bears ventral and dorsal
protuberances. The dorsal protuberance is situated near the
dorsal margin and is smaller than the ventral one. These
protuberances are separated by a mediolateral groove.

Discussion The sickle-shaped form of MNCN 50414, and
the fact that it is much deeper dorsoventrally than broad
transversely, gives it a similar appearance to the first pedal
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Fig. 3 Historical sauropod specimens from the late Barremian of the
Arcillas de Morella Formation (Morella, Castellon, Spain). Eusaur-
opoda indet., a—f, middle-posterior caudal vertebra (MNCN 59695) in
posterior (a), anterior (b), right (c), left (d), dorsal (e) and ventral
(f) views; g, 1 middle-posterior caudal vertebra (MNCN 59509) in

unguals of many sauropods. This feature was considered as
a synapomorphy of Sauropoda by Wilson (2002).

Eusauropoda Upchurch, 1995
Eusauropoda indet.
(Figures 2f-h, 3)

3.3 MNCN 59506

Material Middle to posterior dorsal (?) neural spine
(Fig. 2f-h).

Description This robust neural spine is poorly preserved, with
only its left side intact (Fig. 2f-h). Pereda Suberbiola and Ruiz-
Omeifiaca (2005) also described this element. However, the area
recognized here as the lateral surface of the neural spine was
interpreted by those authors as anterior. The preserved sector of
the spine has a slightly triangular aliform process, laterally
projected and well visible in lateral view. A lamina herein
interpreted as a spinodiapophyseal lamina (spdl) extends from
this process. The other two preserved laminae are identified as
the spinoprezygapophyseal (sprl) and spinopostzygapophyseal
(spol) laminae. This interpretation suggests that the triangular
process is slightly anteriorly displaced from the posterior face
of the spine. The spol does not contact the spdl.

@ Springer
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right (g) and dorsal (1) view; h-k middle-posterior caudal vertebra
(MNCN 59694) in anterior (h), right (i), left (j) and dorsal (k) views;
m-—q, posterior caudal vertebra (MNCN 59510) in posterior (m),

anterior (m), left (o), dorsal (p) and ventral (q) views. Scale bars
50 mm

Discussion: Our interpretation of this element differs from
that proposed by Pereda Suberbiola and Ruiz-Omefaca
(2005). The presence of triangular aliform processes on the
middle-posterior dorsal neural spines was considered as
synapomorphy of Eusauropoda by Wilson (2002) and of
Macronaria by Wilson and Sereno (1998), Upchurch et al.
(2004) and Carballido et al. (2011b). However, Carballido
and Sander (2014) scored several basal eusauropods (in-
cluding Shunosaurus, Mamenchisaurus and Patagosaurus)
as having aliform processes on their middle-posterior
dorsal neural spines, suggesting that this feature is a
synapomorphy of Eusauropoda. Furthermore, members of
the non-neosauropod group Turiasauria also possess these
processes (Casanovas et al. 2001; Royo-Torres et al.
2006). Pereda Suberbiola and Ruiz-Omefiaca (2005)
suggested that this neural spine was paddle-shaped. Our
reinterpretation of this specimen invalidates this inter-
pretation. Consequently, the assignation of MNCN 59506
to Diplodocoidea is not confirmed. No synapomorphies of
Diplodocoidea or more exclusive groups (e.g., Wilson
2002; Upchurch et al. 2004; Whitlock 2011; Mannion
et al. 2012; Tschopp et al. 2015) can be identified in
MNCN 59506.
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3.4 MNCN 59695

Material Middle-posterior caudal vertebra (MNCN 59695)
(Fig. 3a—f).

Description MNCN 59695 corresponds to a posterior
caudal vertebra lacking the neural arch (Fig. 3a—f). The
neural arch is centred anteriorly to the mid-point of the
centrum. The posterior and anterior articulation faces are
both concave and transversely compressed. The lateral
surface is dorsoventrally convex and lacks pneumatic fos-
sae or foramina. A longitudinal crest is present near the
dorsal margin of the lateral face. A rounded boss is present
on the lateral face of the caudal vertebra, near the base of
the neural arch. The ventral surface of this bone is trans-
versely convex. The margins of the articular faces are
poorly preserved, and no chevrons facets are present.

Discussion: MNCN 59695 centrum is transversely com-
pressed, distinguishing it from the caudal vertebrae of
several basal titanosauriforms (Upchurch et al. 2004) such
as Giraffatitan (Janensch 1950), Cedarosaurus (Tidwell
et al. 1999), Venenosaurus (Tidwell et al. 2001), Tas-
tavinsaurus (Canudo et al. 2008; Royo-Torres, 2009), Lu-
sotitan atalaiensis (Mannion et al. 2013; Mocho et al.
2016b) and Galveosaurus (Barco 2009). However, some
titanosauriforms have transversely compressed middle and
posterior centra (Csiki et al. 2010; Mannion and Calvo
2011). The neural arch is markedly displaced anteriorly as
in Titanosauriformes (Salgado et al. 1997; D’Emic 2012;
Mannion et al. 2013) and the non-neosauropod eusauropod
Cetiosaurus oxoniensis (Upchurch and Martin 2003).
Despite the absence of non-neosauropod material from the
Iberian Early Cretaceous, the presence of non-neosauropod
eusauropods in the Early Cretaceous of Europe, North
America and Africa has recently been suggested (Sereno
et al. 1999; Mocho et al. 2016c; Royo-Torres et al. 2016).
Accordingly, this middle-posterior caudal vertebra is
interpreted herein as pertaining to an indeterminate
eusauropod.

3.5 MINCN 59694

Material Middle-posterior caudal vertebra (MNCN 59694)
(Fig. 3h—k).

Description MNCN 59694 is a middle-posterior caudal
vertebra lacking the neural arch (Fig. 3h-k). The centrum
has concave anterior and posterior articulation faces. Both
faces bear small pits in their center. The neural arch is
marked displaced anteriorly. A small bulge is present on
the lateral face of the vertebra, at the transition between the
neural arch and the centrum. A longitudinal crest is present
ventral to this bulge on the lateral face, above the

midheight of the centrum. The margins of the articular
surfaces are poorly preserved and the chevron articulations
could not be described. The ventral face is transversely
convex.

Discussion The presence of an anteriorly-displaced neural
arch suggests that this vertebra should be referred to an
indeterminate eusauropod (see the discussion for MNCN
59695).

3.6 MNCN 59510

Material Posterior caudal
(Fig. 3m—q).

vertebra (MNCN 59510)

Description MNCN 59510 corresponds to a posterior
caudal vertebra (more posterior than MNCN 59695 and
59694) lacking the neural arch (Fig. 3m—q). As in MNCN
59695 and 59694, the neural arch is anteriorly located. The
centrum is dorsoventrally compressed. The posterior and
anterior articular faces are concave. The lateral surface is
dorsoventrally convex and lacks pneumatic fossae and
foramina. A longitudinal crest, interrupted at midpoint, is
present near the ventral margin of the lateral face. A
rounded boss is present in the lateral surface of the cen-
trum, near the base of the neural arch. The ventral surface
is slightly transversely concave. The articulations for the
chevrons are poorly developed.

Discussion MNCN 59510 centrum is dorsoventrally com-
pressed, as is the case in the posterior caudal vertebrae of
several titanosauriforms (e.g., Janensch 1950; Tidwell et al.
1999, 2001; Upchurch et al. 2004; Canudo et al. 2008;
Barco 2009; Royo-Torres 2009; Mannion et al. 2013;
Mocho et al. 2016b), and in some non-neosauropod
eusauropods such as Cetiosaurus oxoniensis Phillips 1871
(Upchurch and Martin 2003). As in MNCN 59695 and
MNCN 59694, this centrum is characterized by an anterior
displacement of the neural arch, shared with Titanosauri-
formes (Salgado et al. 1997; D’Emic 2012; Mannion et al.
2013) and the non-neosauropod eusauropod Cetiosaurus
oxoniensis (Upchurch and Martin 2003). The presence of
anterior displacement of the neural arch and the
dorsoventrally compressed centrum suggest that this ver-
tebra belongs to an indeterminate eusauropod.

3.7 MNCN 59509

Material Middle-posterior caudal vertebra (MNCN 59509)
(Fig. 3g, D).

Description MNCN 595009 is interpreted as the centrum of
a middle-posterior caudal vertebra lacking the neural arch

(Fig. 3g, 1). This centrum is markedly dorsoventrally
compressed, but this condition might simply be a
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Fig. 4 Historical sauropod specimens from the late Barremian of the
Arcillas de Morella Formation (Morella, Castellon, Spain). a-
e Titanosauriformes indet., metacarpal II or IV (MNCN 31050) in
dorsal (a), lateral/medial? (b), posterior (c), lateral/medial? (d) and
distal (e) views. Macronaria indet., left femur (MNCN 9363) in
anterior view (f). Scale bars 50 mm. icg intercondylar groove, lb
lateral bulge

consequence of taphonomic deformation. The centrum is
relatively long and amphicoelous. The neural arch is
clearly anteriorly displaced. The ventral surface is trans-
versely wide and flat. The lateral face of the right side is
dorsoventrally concave. The margins of the posterior and
anterior articular surfaces are poorly preserved.

Discussion: The centrum of MNCN 59509 is dorsoven-
trally compressed and has a pronounced anteriorly dis-
placed neural arch. As occur in MNCN 59510, these
features are common in several titanosauriforms (e.g.,
Janensch 1950; Tidwell et al. 1999, 2001; Upchurch et al.
2004; Canudo et al. 2008; Barco 2009; Royo-Torres 2009;
Mannion et al. 2013; Mocho et al. 2016b), and in the non-
neosauropod Cetiosaurus oxoniensis (Upchurch and Martin
2003). This combination of features is only present within
Eusauropoda. Therefore, MNCN 59509 is here referred to
Eusauropoda indet.

Neosauropoda Bonaparte, 1986
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Fig. 5 Historical sauropod specimens from the late Barremian of the
Arcillas de Morella Formation (Morella, Castellon, Spain). a-
d Titanosauriformes indet., left humerus (MNCN 59703) in anterior
(a), lateral (b), posterior (¢) and medial (d) views. e-i Som-
phospondyli indet., right humerus (MNCN 68484) in anterior (e),
lateral (f), posterior (g), medial (h) and distal (i) views. Scale bars
100 mm. ac accessory condyle, af anconeal fossa, dpc deltopectoral
crest, rc radial condyle, ulnar condyle

Neosauropoda indet.
(Figure 4f)

3.8 MNCN 9363

Material Proximal end of a left femur (MNCN 9363)
(Fig. 4f).

Description Few details of the partial femur MNCN 9363
can be described as a consequence of its poor state of
preservation. A lateral bulge is present as in Titanosauri-
formes (e.g. Salgado et al. 1997). Unfortunately, it is not
possible to determine the level of development of the tro-
chanteric shelf. The femoral head is elliptical in proximal
view, being anteroposteriorly compressed.
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Fig. 6 Historical sauropod specimens from the late Barremian of the
Arcillas de Morella Formation (Morella, Castellén, Spain).
Titanosauriformes indet., a—f, anterior caudal vertebra (MNCN
59691) in posterior (a), anterior (b), right (c), left (d), ventral

Discussion The lateral bulge identified on this femur is a
characteristic widely considered as a synapomorphy of
Titanosauriformes (e.g., Salgado et al. 1997; Wilson 2002;
Upchurch et al. 2004; D’Emic 2012) or of a more inclusive
group within Macronaria (Carballido et al. 201 1b; Carballido
and Sander 2014). The femora of some derived diplodocids
also developed a lateral bulge (e.g., Hatcher 1901; McIntosh
2005); however, diplodocids have not yet been recognized in
the European Cretaceous record (e.g., Royo-Torres 2009;
Torcida Fernandez-Baldor et al. 2011; Mannion et al. 2012;
Royo-Torres etal. 2012; Tschopp etal. 2015). The presence of
a lateral bulge suggests that MNCN 9363 pertains to a neo-
sauropod form, and possibly to an indeterminate macronarian.

Macronaria Wilson and Sereno, 1998
Titanosauriformes Salgado et al. 1997
Titanosauriformes indet.

(Figures 4a—e, Sa—d, 6a-1)

3.9 MNCN 31050

Material Distal end of a metacarpal II or IV (MNCN
31050) (Fig. 4a—e).

Description MNCN 31050 appears to be the distal end of a
metacarpal II or IV (Fig. 4a—e). The dorsal surface is flat and
the ventral one is transversely concave. The ventral surface is
composed of two slightly individualized condyles (dorsoven-
trally oriented) separated by an intercondylar groove. The distal
face is distally restricted.

j Kk 1

(e) and dorsal (f) views; g-1 anterior caudal vertebra (MNCN 59697)
in posterior (g), anterior (h), right (i), left (j), ventral (k) and dorsal
(1) views. Scale bar 100 mm. aca anterior chevron articulation, cr
caudal rib, pca posterior chevron articulation

Discussion MNCN 31050 shares with Titanosauriformes
the presence of a reduced metacarpal distal articular facet,
which was considered a synapomorphy of Titanosauri-
formes by D’Emic (2012).

3.10 MNCN 59703

Material Left humerus lacking the distal and proximal end
(MNCN 59703) (Fig. 5Sa—d).

Description: The distal tip of the deltopectoral crest of the
partial humerus MNCN 59703 is directed anteriorly and
shows neither medial displacement nor distal expansion.
The proximal tip of the deltopectoral crest is not preserved.
Transversely, the anterior face of the distal end is slightly
concave. This concavity is bordered by two proximodistal
crests, which probably connected to the radial and ulnar
condyles. The humeral diaphysis is markedly anteropos-
teriorly compressed, with an elliptical cross-section. No
posterior bulge is present behind the deltopectoral crest.

Discussion The presence of a reduced humeral deltopec-
toral crest, present in MNCN 59703, was considered a
synapomorphy of Sauropoda by Wilson and Sereno (1998)
and Wilson (2002). The humeral shaft eccentricity (medi-
olateral to anteroposterior width ratio at midshaft) of
MNCN 59703 is 2.2. Such high values were recorded for
some titanosauriforms, such as Galveosaurus and Ango-
latitan (Mateus et al., 2011b). Thus, MNCN 59703 is
referred as Titanosauriformes indet.
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3.11 MNCN 59691

Material Anterior caudal

(Fig. 6a—f).

Description MNCN 59691 is an anterior caudal vertebra
with a concave anterior face and flat-to-slightly concave
posterior one (Fig. 6a—f). It is very similar in size and
morphology to MNCN 59697. The centrum is dorsoven-
trally compressed (albeit not as markedly as in MNCN
59697) and the neural arch is anteriorly displaced. The
caudal ribs are reduced (more developed than in MNCN
59697), posterolaterally oriented and extend to the lateral
face of the neural arch. No prezygodiapophyseal lamina
(prdl) is present. The ventral face is transversely con-
stricted and bears smooth longitudinal crests projecting
from the posterior chevron articulations. Between these
smooth crests, the ventral face is slightly concave. As in
MNCN 59697, the ventral border of the anterior articula-
tion is poorly preserved. The posterior articulations for the
chevrons are well-developed and semicircular. The base of
the neural spine is present, and shows a slight anterodorsal
orientation. The posterior face of the neural spine is poorly
preserved. Consequently, the presence of a hyposphenic
crest cannot be excluded.

vertebra (MNCN 59691)

Discussion The presence of dorsoventrally compressed
anterior caudal centra is a common feature among non-
titanosaur titanosauriforms, such as Giraffatitan (Janensch
1950), Lusotitan (Mocho et al. 2016b), Astrophocaudia
(D’Emic 2013), Tastavinsaurus (Royo-Torres 2009), Gal-
veosaurus (Barco 2009), Chubutisaurus (Carballido et al.
2011a), Sauroposeidon (Rose 2007; D’Emic and Foreman
2012) and in a few titanosaurs (e.g., Powell 1992; Kellner
and Azevedo 1999). However, this feature is also present in
the non-neosauropod eusauropod Cetiosaurus oxoniensis
(Upchurch and Martin 2003). The posterior orientation of
the caudal ribs in the last anterior caudal vertebrae are
common in Titanosauriformes (Mannion et al. 2013) and
considered a synapomorphy of the group by D’Emic
(2012). In some titanosauriforms, these ribs reach or sur-
pass the posterior articulation, including Lusotitan (Man-
nion et al. 2013; Mocho et al. 2016b), Sonorasaurus
(Ratkevich 1998) and Tastavinsaurus (Royo-Torres 2009).
For the presence of this feature to be accurately deter-
mined, is necessary to access to well-preserved anterior
caudal series. Thus, the fact that this caudal vertebra is
isolated means that it is impossible to confirm the absence
of this feature in the caudal series of the sauropod to which
MNCN 59691 belonged. Some non-titanosauriforms also
possess posteriorly projecting caudal ribs in the anterior
caudal vertebrae, such as Spinophorosaurus (pers. obs.,
PM), Omeisaurus (Mannion et al. 2013) and Jobaria
(D’Emic 2012). The presence of flat posterior articulations
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in the anterior caudal vertebrae is a common feature in
Macronaria (Mocho et al. 2014). In some sauropods, a flat
posterior surface marks the transition between procoelous
and amphicoelous condition; this generally occurs in the
anterior-middle section of the series (e.g., Casanovas et al.
2001; Mclntosh 2005).

One of the most important features of this caudal ver-
tebra is the orientation of the neural spine. Anteriorly
directed neural spines in anterior and middle caudal ver-
tebrae are relatively uncommon in sauropods, with a few
titanosauriforms having developed this feature, such as
Cedarosaurus (Tidwell et al. 1999), Venenosaurus (Tid-
well et al. 2001), Tastavinsaurus (Royo-Torres 2009),
Malarguesaurus (Gonzalez Riga et al. 2009), Gondwa-
natitan (Kellner and Azevedo 1999), Aeolosaurus rione-
grinus Powell 1987 and Aeolosaurus maximus Santucci
and Arruda-Campos, 2011. This feature is also interpreted
for MNCN 59697. The slight anterodorsal projection of the
neural spine was considered as a putative synapomorphy of
the ‘Laurasiformes’, which includes Venenosaurus, Tas-
tavinsaurus and Cedarosaurus (Royo-Torres et al. 2012).
MNCN 59691 is easily distinguished from the titanosaurs
Gondwanatitan, Aeolosaurus rionegrinus and Aeolosaurus
maximus, since it does not share with them several other
features such as the presence of anterodorsally-projecting
anterior corporeal articular surfaces, postzygapophyses
located on the anterior end of the centrum, dorsally and
ventrally expanded prezygapophyses and markedly convex
posterior corporeal articular surfaces. Malarguesaurus,
from the Upper Cretaceous of Mendoza (Argentina), was
originally considered a non-titanosaur titanosauriform
(Gonzalez Riga et al. 2009), but recent studies have sug-
gested other phylogenetic positions within Titanosauri-
formes (Mannion et al. 2013; Carballido and Sander 2014,
Poropat et al. 2015; Gorscak and O’Connor 2016). The
uncertain phylogenetic position is probably related to the
fact that Malarguesaurus was established on a rather
incomplete specimen (Gonzdlez Riga et al. 2009). The
presence of anterior caudal centra with flat posterior
articulations, posteriorly-projecting caudal ribs, dorsoven-
trally-compressed anterior centra and anterodorsally-pro-
jecting neural spines is a combination present in only some
Titanosauriformes. The anterodorsally-projected neural
spines and the overall morphology of this vertebra allies it
with the putative members of ‘Laurasiformes’ clade,
Cedarosaurus and Venenosaurus, also proposed as mem-
bers of Brachiosauridae (Mannion et al. 2013; Carballido
and Sander 2014). ‘Laurasiformes’ have been recovered by
some authors (Royo-Torres 2009; Royo-Torres et al. 2012;
Mocho et al. 2014; Royo-Torres et al. 2014); however,
recent phylogenetic analyses do not support the monophyly
of this clade (D’Emic 2012; Mannion et al. 2013; Car-
ballido and Sander 2014; Poropat et al. 2015). In
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conclusion, MNCN 59691 is considered as Titanosauri-
formes indet.

3.12 MNCN 59697
Material Anterior caudal
(Fig. 6g-1).

Description MNCN 59697 is an amphicoelous anterior
caudal vertebra (Fig. 6g-1), situated farther posteriorly in
the tail than MNCN 59691. The centrum is dorsoventrally
compressed and the neural arch is anteriorly displaced. The
caudal ribs are reduced but extend to the lateral surface of
the neural arch. No prdl is present. The ventral surface is
flat, transversally constricted and bears smooth longitudinal
crests projecting from the posterior articulations for the
chevrons. The ventral border of the anterior articular facet
is poorly preserved, making it difficult to determine the
presence/absence of the anterior chevron articulations.
Only the base of the neural spine is preserved, and a slight
anterodorsal orientation of the neural spine is interpreted.

vertebra (MNCN 59697)

Discussion Flat posterior articular surface, posteriorly-
projecting caudal ribs, dorsoventrally-compressed centrum
and anterodorsally-projecting neural spines are a combi-
nation present in only some Titanosauriformes. The
anterodorsally-projected neural spines and the overall
morphology are shared with the putative members of
‘Laurasiformes’ (see discussion of MNCN 59691).

Somphospondyli Wilson and Sereno (1998)
Somphospondyli indet.
(Figure 5e-i)

3.13 MINCN 68484

Material Right humerus, lacking the proximal end (MNCN
68484) (Fig. Se—i).

Description MNCN 68484 is a very slender humerus, only
slightly expanded in the distal end (Fig. 5e—i). The diaph-
ysis has a subcircular cross-section. The deltopectoral crest
is relatively pronounced. It has a roughened surface and
projects anteromedially. The base of the deltopectoral crest
is also medially displaced. This crest dissipates ventrally,
giving rise to a proximodistal crest on the anterior face of
the diaphysis. A bulge on the posterior face, near the lateral
margin of the humerus, is present behind the deltopectoral
crest. In anterior view, the lateral margin of the humerus is
straight, resulting in an asymmetrical transverse expansion
of the proximal end. The distal end is roughened and
transversely flat, as occur in eusauropods (excluding Sal-
tasauridae; Wilson 2002) and the ulnar and radial condyles
are medially bevelled. The anteroventral margin of the
distal end preserves two accessory condyles near the

medial margin. The anterior surface of the distal end is flat,
whereas the posterior one is transversely and deeply con-
cave (the anconeal fossa). The distal condyles slightly
extend to the anterior and posterior surface of the distal
end. An accessory condyle is present in the center of the
anterodistal edge of the humerus.

Discussion This humerus has several important features.
Despite the absence of the proximal end, it is clear that this
element was overall extremely slender (length/midshaft
width higher than 7.5), probably more slender than the
humeri of brachiosaurids (Janensch 1961; Tidwell et al.
1999) and other derived titanosauriforms such as Liga-
buesaurus (Bonaparte et al. 2006). The presence of a gra-
cile humerus was considered a synapomorphy of
Giraffatitan + (Brachiosaurus + (Abydosaurus, Cedar-
osaurus, Venenosaurus)) by D’Emic (2012). Deltopectoral
crests that extend medially across the anterior face of the
humerus are common in Titanosauriformes, such as
Cedarosaurus (Tidwell et al. 1999), Angolatitan (Mateus
et al. 2011b), Dreadnoughtus (Lacovara et al. 2014) and
Opisthocoelicaudia (Borsuk-Bialynicka 1977). This feature
was recovered as a synapomorphy of Titanosauria (based
on LSDM matrix) or Lithostrotia (based on LCDM matrix)
by Mannion et al. (2013). MNCN 68484 also has a strong
bulge (attachment site for M. latissimus dorsi) close to the
lateral margin of the posterior surface, behind the del-
topectoral crest. This bulge is present in some saltasaurids
such as Saltasaurus (Powell 1992), Neuquensaurus (Otero
2010) and Opisthocoelicaudia (Borsuk-Bialynicka 1977)
but also in Cedarosaurus (Tidwell et al. 1999), Angolatitan
(Mateus et al. 2011b), Epachthosaurus (Martinez et al.
2004), Lirainosaurus (Diez Diaz et al. 2013), Jainosaurus
(Wilson et al. 2011) and Zby (Mateus et al. 2014).

The diaphysis is subcircular in cross-section, differing
from the condition present in Cedarosaurus (Tidwell et al.
1999), Brachiosaurus (Riggs 1903), Lusotitan (Mannion
et al. 2013) and Giraffatitan (Janensch 1961), all of which
possess anteroposteriorly-compressed humeral diaphyses.
Humerus shaft eccentricity (mediolateral to anteroposterior
width ratio at midshaft) is 1 for MNCN 68484, being less
eccentric than that of other sauropods as Giraffatitan,
Lapparentosaurus, Ligabuesaurus, Diplodocus, Niger-
saurus or Europasaurus (see Mannion et al. 2013). The
presence of a circular cross-section of the humeral diaph-
ysis was considered diagnostic of Rebbachisauridae (Wil-
son 2002). However, rebbachisaurid humeri are much more
robust (e.g., Wilson and Allain 2015) than MNCN 68484,
and do not have anteromedially projected deltopectoral
crests or deep anconeal fossae.

The presence of a deep anconeal fossa has been iden-
tified by several authors as an important feature in derived
titanosauriforms (e.g., Borsuk-Bialynicka 1977; Mateus
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et al. 2011b; Poropat et al. 2015), and considered as a
synapomorphy of titanosaurs by Upchurch et al. (2004) and
of Somphospondyli/Titanosauria by Mannion et al. (2013).
This would imply that non-neosauropod eusauropods like
Zby and Turiasaurus acquired their deep anconeal fossae
convergently (Royo-Torres et al. 2006; Mateus et al. 2014).
The presence of a straight lateral margin in anterior view is
common in several titanosauriforms, such as Cedarosaurus
(Tidwell et al. 1999), a putative titanosauriform from the
Lower Cretaceous of the Spanish Province of Soria
(Fuentes Vidarte et al. 2005), Chubutisaurus (Carballido
et al. 2011a), Ligabuesaurus (Bonaparte et al. 2006),
Rukwatitan (Gorscak et al. 2014), Muyelensaurus (Calvo
et al. 2007), Malawisaurus (Gomani 2005) and Opistho-
coelicaudia (Borsuk-Bialynicka 1977), as well as in the
rebbachisaurid Comahuesaurus (Carballido et al. 2012).
This combination of characters (i.e., deep anconeal fossa, a
bulge in the posterior surface and behind the deltopectoral
crest, medially-deflected deltopectoral crest and straight
lateral margin of the humerus) was only reported in som-
phospondylan sauropods, suggesting that this humerus
might pertain to a indeterminate somphospondylan.

4 Sauropods of the upper Barremian Arcillas de
Morella Formation

Several sauropod specimens were recovered in Arcillas de
Morella Formation across several sites in Morella (Cas-
tellon, Spain) (e.g., Segura Barreda 1868; Vilanova y Piera
1872; Royo y Goémez 1925, 1926a, b; Sanz et al. 1982;
Sanz 1984, 1996; Ruiz-Omefiaca and Pereda-Suberbiola
1999; Yagué et al. 2001; Gasulla Asensio 2005; Pereda
Suberbiola and Ruiz-Omefiaca 2005; Ortega et al. 2006;
Gasulla et al. 2008, 2011a, 2015; Pérez-Garcia et al. 2009;
Santos-Cubedo et al. 2010; Mocho et al. 2016a). The
Arcillas de Morella Formation of the Maestrat Basin, from
which all of the sauropod specimens described in this paper
come, has recently been considered to be late Barremian in
age. It directly underlies the Xert Formation, which is in
turn overlain by the Forcall Formation (Villanueva-Ama-
doz et al. 2014; Bover-Arnal et al. 2016); sauropod remains
have also been reported from these formations (Canudo
et al. 2008; Royo-Torres 2009; Royo-Torres et al. 2012).
Although sauropod remains from the Arcillas de Mor-
ella Formation were reported in the second half of the
nineteenth century and in the first decades of the twentieth
century, the first partial sauropod skeletons from Morella
were only identified during the final decades of the twen-
tieth century (Sanz et al. 1982; Yagiie et al. 2001; Gasulla
et al. 2008, 2011a, 2012; Ortega et al. 2006). These recent
finds have provided a set of specimens, which preserve
valuable information about the phylogenetic affinities of
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the sauropods to which they pertained and the relationship
of these taxa with the others from the Maestrat Basin,
especially with those from the Xert and Forcall Formations.
Our study, based on the sauropod specimens deposited in
the collections of the Museo Nacional de Ciencias Natu-
rales (Madrid), has demonstrated the presence of material
bearing shared features with Titanosauriformes (MNCN
31050, 59703, 68484, 59691 and 59697). This agrees with
the most recent systematic approaches, some based on new
material found in the Arcillas de Morella Formation (Sanz
et al. 1982; Yagiie et al. 2001; Ortega et al. 2006; Gasulla
et al. 2008, 2011a, 2012). However, the presence of bra-
chiosaurid sauropods, an interpretation widely applied to
some of the specimens recovered from the Arcillas de
Morella Fm.—including some of the specimens studied in
the present study (e.g., Sanz et al. 1982; Ruiz-Omeifiaca and
Pereda-Suberbiola 1999; Yagiie et al. 2001; Ortega et al.
2006; Gasulla et al. 2008) cannot not be confirmed. The
discovery and description of more complete specimens
might eventually lead to the recognition of brachiosaurids
in this Formation.

The systematic proposal of Ruiz-Omefiaca and Pereda
Suberbiola (1999) considering MNCN 59697 and MNCN
59691 as a basal titanosauriform is supported here, and the
detailed study performed herein identifies the presence of
features shared with Tastavinsaurus, Cedarosaurus and
Venenosaurus, considered by some authors as members of
the ‘Laurasiformes’ clade. Thus, these specimens are
herein identified as possible evidence of ‘laurasiforms’ in
the Arcillas de Morella Formation. This group has already
been identified in the Xert and Forcal Formations (Royo-
Torres et al. 2012). Our research indicates that the strati-
graphic distribution of this clade in the Maestrat Basin was
quite broad. These caudal vertebrae share the same kind of
morphology with the sauropods found in Sant Antoni de la
Vespa (Morella, Arcillas de Morella Fm.) (Ortega et al.
2006; pers. observ., PM), which appear to pertain to a form
closely related to Tastavinsaurus sanzi (Mocho et al.
2016a).

The humeri described in this paper have proven to be an
important source of information about the diversity of
sauropods present in Arcillas de Morella Formation.
MNCN 59703 and 68484 are referred to Titanosauri-
formes, and the latter might pertain to a somphospondylan.
The presence of somphospondylan sauropods in the Bar-
remian-Aptian of the Iberian Peninsula is not surprising,
since some phylogenetic analyses have placed Tastavin-
saurus within this clade (D’Emic 2012; Mocho et al.
2016a), and also because the presence of other possible
derived somphospondylan material in the Iberian Bar-
remian-Aptian (Sanchez-Hernandez et al. 2007; Santos-
Cubedo et al. 2010). The presence of titanosaurian forms
has been discussed in some European Barremian-Aptian
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localities (e.g., Le Loeuff 1993; D’Emic 2012; Dal Sasso
et al. 2016).

The description of MNCN 59703 and 68484 provide
evidence of two different humeral morphotypes in Morella.
One is characterized by a slender diaphysis with a circular
cross-section, a straight lateral edge, a deep anconeal fossa
and a medially-displaced and anteromedially-projected
deltopectoral crest (MNCN 68484). The other morphotype
is characterized by a robust and anteroposteriorly-com-
pressed diaphysis, and an anteriorly-projected deltopectoral
crest (MNCN 59703). On the basis of the morphological
variation present in other macronarians (e.g., Cama-
rasaurus, Giraffatitan, Lirainosaurus), it is probable that
this marked morphological variability does not reflect
intraspecific variability. This suggests the presence of at
least two titanosauriform taxa in the sauropod collections
from the Arcillas de Morella Formation of the MNCN, one
of which appears to have somphospondylan affinities.
When both humeral morphotypes are compared with the El
Cantaret sauropod, which also derives from this Formation
(see Sanz et al. 1982), a third humeral morphotype can be
recognized. This is characterized by a slender and slightly
anteroposteriorly-compressed diaphysis, an anteroposteri-
orly-projected deltopectoral crest and a deep anconeal
fossa, and this morphotype is interpreted herein to repre-
sent an indeterminate somphospondylan (see plate III,
fig. la-b in Sanz et al. 1982). This humerus differs from
MNCN 68484 by the absence of an anteromedially-pro-
jected deltopectoral crest, a diaphysis with a circular cross-
section and straight lateral margin. On the other hand, this
humerus is much more slender than MNCN 59703, which
has a marked anteroposteriorly-compressed diaphysis. In
conclusion, the three humeral morphotypes recognized in
the Arcillas de Morella Fm. could correspond to three
distinct titanosauriform taxa, indicating a high diversity of
sauropods in this area during the Early Cretaceous.
Unfortunately, only the El Canteret humerus is associated
with a partial skeleton (see Sanz et al. 1982). This speci-
men is clearly distinct from the Sant Antoni de la Vespa
sauropod (which does not preserve any humerus), this last
form being considered as possible more closely related to
the ‘laurasiform’ Tastavinsaurus. Furthermore, the sys-
tematic revision of MNCN 59506 refutes the presence of
any recognized diplodocoid form in the Arcillas de Morella
Formation, contra Pereda Suberbiola and Ruiz-Omenaca
(2005).

This comparative study of the known sauropod remains
from the Arcillas de Morella Formation has allowed us to
determine that the sauropod diversity of this formation was
rather high, with three titanosauriforms (recognized herein
based on three different humeral morphotypes), including a
possible ‘laurasiform’ (MNCN 59697 and MNCN 59691
and the Sant Antoni de la Vespa sauropod) and two

other somphospondylans (El Canteret sauropod and
MNCN 68484). MNCN 59703 is a humerus referred to an
indeterminate titanosauriform, which might correspond to a
non-somphoposdylan or a somphospondylan sauropod. The
incorporation of the ‘Laurasiformes’ within Som-
phospondyli as well as its monophyly is under discussion
(e.g., Royo-Torres 2009; Royo-Torres et al. 2012, 2014;
Carballido et al. 2011b; D’Emic 2012; Mannion et al.
2013; Carballido and Sander 2014; Mocho et al. 2014,
Upchurch et al. 2015). The presence of a titanosaurian
sauropod in this Formation, as suggested by Santos-Cubedo
et al. (2010), has not yet been ruled out, pending a detailed
study of the sauropod femur collected in Ana (Cinctorres)
and the discovery of new material. Nevertheless, some of
the features used to support this taxonomic assessment
present a wider distribution within Titanosauriformes (see
D’Emic 2012; Royo-Torres et al. 2012; Mannion et al.
2013; Poropat et al. 2015).

The sauropod faunas in the Xert (uppermost Barremian)
and Forcall (early Aptian) Formations, also deposited in the
Maestrat Basin and above the Arcillas de Morella Forma-
tion, are represented by the titanosauriform Tastavinsaurus
sanzi (Canudo et al. 2008; Royo-Torres 2009, Royo-Torres
et al. 2012). However, new discoveries will be necessary to
understand the evolutionary history of the sauropod faunas
throughout the Barremian-Aptian sequence in the Maestrat
Basin. Finally, several sauropod occurrences have also
been reported from the upper Barremian-lower Aptian
Castrillo de la Reina Formation, deposited in the Cameros
Basin, north of the Maestrat Basin. This sauropod fauna at
present comprises the rebbachisaurid Demandasaurus
darwini and an undescribed titanosauriform—with som-
phospondylan affinities—which is distinct from Tastavin-
saurus sanzi (Torcida Fernandez-Baldor et al. 2013). The
relationship between the sauropods, in particularly
titanosauriforms, of the Maestrat and Cameros basins still
remains poorly known. The systematic study of the Sant
Antoni de la Vespa (Arcillas de Morella Formation,
Maestrat Basin) and El Oterillo II (Castrillo de la Reina
Formation, Cameros Basin) sauropods and the reassess-
ment of El Canteret specimen (Arcillas de Morella For-
mation, Maestrat Basin) is necessary in order to better
understand the evolutionary history of the titanosauriforms
in the Early Cretaceous of the Iberian Peninsula.

5 Conclusions

Several specimens pertaining to Sauropoda, housed in the
Museo Nacional de Ciencias Naturales (Madrid) and col-
lected in the second half of the nineteenth century and in
the first decades of the twentieth century, are described and
discussed here in detail - some of them for the first time.
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These specimens, which are some of the first dinosaur
specimens ever found in Spain, were collected from several
outcrops in Morella (Castellon, Spain), in levels of the
Arcillas de Morella Formation (upper Barremian, Maestrat
Basin). Systematic study of this material has allowed us to
identify indeterminate titanosauriforms, some of which
have somphospondylan and ‘laurasiform’ affinities. How-
ever the monophyly and the phylogenetic position of
‘Laurasiformes’ within Titanosauriformes remains uncer-
tain. Comparative analysis of two isolated sauropod humeri
from Morella (MNCN 59703 and 68484) and another
found in the second half on the twentieth century, indicates
the possible presence of three titanosauriform taxa during
the upper Barremian of the Maestrat Basin, two of which
have somphospondylan affinities. The sauropod diversity
in this Formation, particularly for the titanosauriforms, is
higher than was previously known. However, the study of
several new occurrences from the Arcillas de Morella
Formation will be necessary in order to understand the
evolution of this group during the Barremian-Aptian lapse
in the Maestrat Basin, and the relationship of the Morella
taxa with other contemporaneous sauropod faunas from
both the Iberian Peninsula and the rest of the European
territory.
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