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ARTICLE INFO ABSTRACT

ATfiClF history: A tall-spined ornithopod dinosaur from the Pinilla de los Moros Formation (Upper
Received 23 November 2010 Hauterivian-Lower Barremian) of Salas de los Infantes (Burgos, Spain) is described. The
ACC?Pted afte,r revision 11 April 2011 material consists of seven associated axial remains, including five middle dorsal vertebrae,
Available online 8 June 2011 . . . . . .. .
a fragmentary neural spine and a dorsal rib, from a single medium-sized individual. This
material was previously referred to Iguanodon cf. fittoni. It is characterised by having a high
dorsal neurapophysis that is approximately 4.5 times the height of the centrum. The elon-
gation and vertical orientation of the dorsal neural spines allow it to be distinguished from

Presented by Philippe Taquet.

giﬁ‘id;ﬁ:)f(;da other ornithopods from the Wealden of Europe, including Hypselospinus and Barilium from
Iguanodontia the Valanginian, and Iguanodon and Mantellisaurus from the Barremian-Aptian. The material
Early Cretaceous is here referred to Iguanodontia indet. because it is so incomplete, but it is potentially a dis-
Iberian Peninsula tinct taxon. Among the ornithopods, only Ouranosaurus and the hadrosaurid Hypacrosaurus
Dorsal vertebrae possess higher dorsal neural spines.

© 2011 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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Un dinosaure ornithopode a haute épine neurale provenant de la Formation Pinilla de
los Moros (Hauterivien supérieur-Barrémien inférieur) de Salas de los Infantes (Burgos,
Espagne) est décrit ici. Le matériel consiste en sept restes associés du squelette axial, y
compris cinq vertébres dorsales moyennes, une épine neurale fragmentaire et une cote
dorsale, appartenant probablement a un seul individu de taille moyenne. Ce matériel a
été auparavant rapporté a Iguanodon cf. fittoni. Il est caractérisé par une neurapophyse
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allongée, environ quatre fois et demie plus haute que la hauteur du centrum. La longueur et
I'orientation verticale de I'épine neurale des vertébres dorsales permettent de le différencier
d’autres ornithopodes des faciés wealdiens d’Europe, y compris Hypselospinus et Baril-
ium du Valanginien, Iguanodon et Mantellisaurus du Barrémien-Aptien. Il est ici rapporté
a Iguanodontia indet. de part sa nature fragmentaire, mais représente potentiellement un
nouveau taxon. Parmi les ornithopodes, seuls Ouranosaurus et 'hadrosauridé Hypacrosaurus
possédent des épines neurales dorsales plus hautes.

© 2011 Académie des sciences. Publié par Elsevier Masson SAS. Tous droits réservés.

1. Abbreviations

AMNH American Museum of Natural History, New York,
USA

GPI Geologisch-Paldontologisches Institut, Miinster,
Germany

GPIT Geologisches und Palaontologisches Institut der
Universitdt Tiibingen, currently the Institut fiir
Geowissenschaften, Tiibingen, Germany

IRSNB  Institut Royal des Sciences Naturelles de
Belgique/Koninklijk Belgisch Instituut voor
Natuurwetenschappen, Brussels, Belgium

MDE Musée des Dinosaures, Espéraza, Aude, France

MDS Museo de Dinosaurios, Salas de los Infantes,
Burgos, Spain

MNHN Muséum National d’Histoire Naturelle, Paris,
France

NHMUK The Natural History Museum, London, UK

NMN National Museum of Niger, Niamey, Niger

2. Introduction

Salas de los Infantes (province of Burgos, northern
Spain) is one of the most productive areas of dinosaur
fossils in southern Europe. More than 30 outcrops are
known in the vicinity of Salas de los Infantes, most of
them of Early Cretaceous age (Torcida Fernandez-Baldor,
2006). In geological terms, this area lies within the west-
ern Cameros Basin, which is located in the northwestern
part of the Iberian Range. The dinosaur-bearing units of
this area are the Pinilla de los Moros (Upper Hauterivian-
Lower Barremian) and Castrillo de la Reina (Upper
Barremian-Aptian) formations (Martin-Closas and Alonso
Millan, 1998), both of fluviatile origin. The sites around
Salas have yielded abundant dinosaur remains, includ-
ing spinosaurid and dromaeosaurid theropods, diplodocoid
and titanosauriform sauropods, stegosaurian and anky-
losaurian thyreophorans, basal euornithopods, dryosaurids
and basal iguanodontian ornithopods (Pereda Suberbiola
et al,, in press and references therein; Torcida Fernandez-
Baldor, 2006). The dinosaur assemblage from Salas de
los Infantes shares several taxa with the fauna of the
Wealden Group of Britain (Martill and Naish, 2001), namely
the theropod Baryonyx, the ankylosaur Polacanthus and,
with reservations, the ornithopod Iguanodon. Moreover,
dinosaur remains from the Barremian-Aptian of Salas de
los Infantes also represent new taxa, such as a new reb-
bachisaurid sauropod (Torcida Fernandez-Baldor et al., in
press).

Most of the fossil remains found in this region are kept
at the MDS. A small collection is housed in the Institut
und Museum fiir Geologie und Paldontologie of the Uni-
versitdt Tiibingen (GPIT), which is currenly the Institut fiir
Geowissenschaften (Germany). This collection was gath-
ered in 1968 by the German geologist Gerd Dietl while
doing fieldwork in Burgos for his MA thesis (Dietl, 1969). It
consists of 25 bones, all but three belonging to iguanodon-
tian ornithopods: seven vertebral remains were referred
to Iguanodon cf. fittoni (Maisch, 1997), and a dentary frag-
ment that preserves several teeth in situ has been assigned
to Iguanodontoidea indet. (Ruiz-Omenaca et al., 2008). The
GPIT collection also contains a theropod tooth and two
crocodilian teeth (still undescribed). The general aspect of
the fossils and the conservation of the matrix suggest that
they come from several different localities of the Wealden
facies near Salas de los Infantes (Torcida Fernandez-Baldor
et al., 2008).

The aim of this article is to review the material pre-
viously referred to Iguanodon cf. fittoni and to discuss its
affinities.

3. Geological setting

The fossils studied in this paper (GPIT 1802/1-7) were
found in the “Tera-Beds” of Burgos, in the Cameros Basin
(Dietl, 1969). The Tera Group is the oldest of the three
lithostratigraphic units defined by Beuther (1966) in the
western part of the Cameros Basin (the others are Oncala
and Urbién Groups). Because the material was referred
to Iguanodon cf. fittoni, Maisch (1997) tentatively corre-
lated the “Tera-Beds” of Burgos with the Wadhurst Clay
of the Wealden Basin, and regarded them as Berriasian-
Valanginian in age.

The Tera Group in the north and south sectors of the
western Cameros Basin (Burgos province; Fig. 1) com-
prises sedimentary rocks of Tithonian-Barremian age, now
recognised as different geological formations (Clemente
and Pérez Arlucea, 1993): Sefiora de los Brezales, Boleras,
Jaramillo de la Fuente, Campolara, Rio del Salcedal, Rio de
San Marcos, Peflacoba, Pinilla de los Moros, and Hortigiiela
(Martin-Closas and Alonso Millan, 1998: figs.4, 7).

According to Dietl (1969) (pers. comm.), the ornithopod
remains come from the “El Castro” area of Castrovido, in
Salas de los Infantes (Burgos). The outcrops of this area cor-
respond to the Pinilla de los Moros Formation (Fig. 1). This
interpretation is consistent with the study of the matrix
thatis associated with the fossils in some areas. On the basis
of charophyte biozonation, the Pinilla de los Moros For-
mation is dated as Late Hauterivian to Early Barremian in
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Fig. 1. Geological map of the western Cameros Basin, modified from Beuther et al. (1966) (pl. 36), and chronostratigraphic scheme of the Cameros Basin,

as proposed by Martin-Closas and Alonso Millan (1998).

Fig. 1. Carte géologique de I'Ouest du Bassin de Cameros modifiée d’aprés Beuther et al. (1966) (pl. 36) et schéma chronostratigraphique du méme bassin

d’aprés Martin-Closas et Alonso Millan (1998).

the northern sector of the western Cameros Basin (Martin-
Closas and Alonso Millan, 1998).

4. Systematic palaeontology

Dinosauria Owen, 1842

Ornithischia Seeley, 1887

Ornithopoda Marsh, 1881

Iguanodontia Dollo, 1888 (sensu Norman, 2004)

Iguanodontia indet.

Material: GPIT 1802/1-5, five dorsal vertebrae (one of
them almost complete); GPIT 1802/6, a fragment of dorsal
neural spine; and GPIT 1802/7, an incomplete dorsal rib.
All the remains probably come from a single individual.
Casts of the most relevant specimens are kept at Salas de
los Infantes, Burgos (MDS collection).

Locality and horizon: “El Castro” in Castrovido, Salas de
los Infantes (Burgos, Spain); Pinilla de los Moros Formation;
Lower Cretaceous, Upper Hauterivian-Lower Barremian
(Martin-Closas and Alonso Millan, 1998).

5. Description

The material was previously described in detail by
Maisch (1997). It consists of five vertebrae, a fragment of
neural spine and an incomplete rib, all from the dorsal
region (Fig. 2). Maisch (1997) regarded the vertebrae as a
series of five dorsals, most probably from the sixth to the
ninth, and the eleventh. The vertebrae are so similar in both
size and state of preservation that they probably pertain to
the same individual. One of them, considered to be the first
vertebra of the series (GPIT 1802/1), is almost complete,
but the left prezygapophysis, left transverse process, and
both postzygapophyses are missing (Fig. 2A). As in the other

vertebrae, the centrum is longer than high or wide (Table 1).
The anterior articular surface is rather flat, and the pos-
terior one is slightly concave. The lateral surfaces of the
centrum are convex dorsoventrally and concave anteropos-
teriorly. The centrum has a longitudinal keel ventrally and
ridges near the edges of the articular surfaces. The ventral
surface of the centrum is flat to slightly concave in lateral
view. A small nutrient foramen is located half way up on
both lateral sides. The neurocentral suture is irregular. The
right prezygapophysis does not protrude beyond the ante-
rior articular surface of the centrum. The right transverse
process associated to GPIT 1802/1 is oriented at about 50°
to the horizontal. The dorsal edge of the parapophysis does

Table 1

Measurements (in mm) of the iguanodontian ornithopod from Salas de
los Infantes (Burgos, Spain).

Tableau 1

Mesures (en mm) de I'ornithopode iguanodontien de Salas de los Infantes
(Burgos, Spain).

Dorsal vertebrae L H w 1 h w
GPIT 1802/1 72 53 62 67 285 27
GPIT 1802/2 71 53 56 - - 28
GPIT 1802/3 71 55 54 - - 18
GPIT 1802/4 70 60 62 - - 25
GPIT 1802/5 70 53 57 - - -
GPIT 1802/6 - - - 63 - -
Dorsal rib

GPIT 1802/7 +250 (length)

Centrum: H: height; L: length; W: transverse width; neural spine: I:
anteroposterior length; h: height; canal neural: w: transverse width.
Centrum : H: hauteur; L: longueur; W: largeur transversale ; épine neu-
rale: 1: longueur antéropostérieure ; h: hauteur; canal neural: w: largeur
transversale.
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Fig. 2. Iguanodontia indet. from the Early Cretaceous of Salas de los Infantes, Burgos, Spain. A-E: GPIT 1802/1 to 5 (from left to right), dorsal vertebrae; F:
GPIT 1802/6, fragment of neural spine; G: GPIT 1802/7, dorsal rib. Views: left lateral (A-E, F, G), anterior (A2, C2), posterior (C3), dorsal (D2) and ventral

(D3). Scale bar: 5cm.

Fig. 2. Iguanodontia indet. du Crétacé inférieur de Salas de los Infantes, Burgos, Espagne. A-E : GPIT 1802/1 a 5 (de gauche a droite), vertébres dorsales ; F:
GPIT 1802/6, fragment d’épine neurale ; G : GPIT 1802/7, cbte dorsale. Vues : latérale gauche (A-E, F, G), antérieure (A2, C2), postérieure (C3), dorsale (D2)

et ventrale (D3). Barre d’échelle : 5cm.

not reach above the dorsal margin of the prezygapophysis.
The neurapophysis is very elongated and is oriented verti-
cally. Itis approximately 4.5 times higher than the centrum.
The anterior and posterior edges are almost parallel in lat-
eral view; the distal part is slightly wider than the proximal
part. The ratio of the height and the anteroposterior length
of the neural spine (measured in the upper third) is equal
to 4.25. The anterior edge of the neural spine is rather blunt
whereas the posterior edge is sharp. In lateral view, the lon-
gitudinal axis of the posterior border of the neural spine is
vertical and coincides with the posterior articular surface
of the centrum (Fig. 2A).

The other vertebrae only preserve the centrum and
the basal portion of the neural arch. In GPIT 1802/2, the
parapophysis is larger and more elongated dorsoventrally;
it protrudes just above the dorsal edge of the prezy-
gapophysis (Fig. 2B). GPIT 1802/3 is the only vertebra of
the series that preserves the postzygapophyses (Fig. 2C).
The prezygapophyses, which have flat articular facets, are
oriented at an angle of 90°. Unlike GPIT 1802/1, the neural
canal is higher than wide. The anterior surface of the basal
part of the neurapophysis has two lateral depressions.
These depressions are present in GPIT 1802/2 and 3, but

are absent in GPIT 1802/4. The latter vertebra has small
parapophyses as anterolateral extensions of the transverse
processes, which are at the level of the dorsal edge of the
prezygapophyses (Fig. 2D). The length of the centrum is
comparable to the other vertebrae, but the centrum is as
high as wide. GPIT 1802/5 is a very incomplete vertebra
(Fig. 2E). The parapophysis is merely a small knob.

GPIT 1802/6 is an isolated proximal fragment of neural
spine that does not fit with any of the vertebrae (Fig. 2F).
Its anteroposterior length is similar to the neural spine of
GPIT 1802/1. As suggested by Maisch (1997), it presumably
comes from a middle dorsal vertebra.

Finally, GPIT 1802/7 is an incomplete double-headed rib
(Fig. 2G). It consists of two fragments: the head and a por-
tion of the shaft. Both the capitulum and tuberculum have
oval articular facets; the facet of the capitulum is smaller
and more convex than that of the tuberculum.

6. Discussion
The combination of characters present in the vertebrae

GPIT 1802/1-5 -absence of pleurocoels, presence of
amphiplatyan to platycoelous (posterior articular surface)
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centra that exhibit a sinuous suture with the neural
arches - supports ornithischian and ornithopod affinities
(Knoll, 2009; Norman, 2004).

The presence of centra that are longer than wide, with
articular surfaces flat to slightly concave, and of para-

Fig. 3.

pophyses that are located above the neurocentral suture
throughout the series indicates that the vertebrae come
from the dorsal region. The most anterior dorsals can be
ruled out, because GPIT 1802/1-5 do not retain cervical
features (e.g., short, opisthocoelous centra). Moreover, the
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shape and position of the parapophyses and the compar-
ison of the vertebrae with reconstructions of the dorsal
vertebral column of ornithopods such as Iguanodon and
Mantellisaurus (Norman, 1980, 1986) indicate that they are
middle dorsals (i.e., between the fifth and the eleventh of
the series).

The degree of fusion between the vertebral centra and
the base of the neural arches indicates that GPIT 1802/1-7
represent a subadult or adult individual (Galton, 2009;
Irmis, 2007). Based on the size of the vertebrae and after
a comparison with ornithopod skeletal reconstructions
(Norman, 2004; Paul, 2008), the Salas material can be
regarded as that of a middle-sized iguanodontian (esti-
mated body length about 5 m).

The most striking feature observed in the dorsal ver-
tebrae of Salas is the elongation of the neurapophysis.
In GPIT 1802/1, which is regarded as the fifth or sixth
dorsal, the neural spine is approximately 4.5times the
height of the centrum (Fig. 3A). Maisch (1997) referred
GPIT 1802/1-7 to Iguanodon cf. fittoni because the dorsal
vertebrae bear a long neural spine that is totally vertical.
L fittoni was originally described from the Valanginian of
England. Other material from the same formation was
named [ hollingtoniensis by Lydekker (1889). Recently,
Norman (2010) referred the species fittoni to the genus
Hypselospinus (Wadhurstia Carpenter and Ishida, 2010 is
a junior synonym). According to Norman (2004, 2010),
_I hollingtoniensis_ is a junior subjective synonym of
_L fittoni_ (see also Paul, 2008; Galton, 2009). The holotype
of I hollingtoniensis includes several dorsal vertebrae,
but only a few are more or less complete (NHMUK R604
partim). The neural spine of an anterior-middle dorsal
vertebra differs from that of GPIT1802/1 in that it is shorter
(no more than 3.5times the height of the centrum) and
steeply inclined posteriorly, forming an angle of about 50°
to the horizontal (Fig. 3B; Norman, 2010: figs.9A-B). In
a posterior dorsal vertebra, the (broken) neurapophysis
is more vertical and the angle to the horizontal is about
75° (Norman, 1987b: fig.B, left). In both vertebrae of
I hollingtoniensis, the neural spine is narrower than that of
GPIT1802/1 (height/anteroposterior length ratio more than
4.5 versus approximately 4.25 in the Salas ornithopod).

Barilium dawsoni was a sympatric contemporary of
H. fittoni (Norman, 2010). Torilion Carpenter and Ishida,
2010 is a junior synonym of Barilium Norman, 2010.
The dorsal vertebrae (NHMUK R798, R805, R3788) have
a short neural spine whose height does not exceed 2.5
times that of the centrum (Fig. 3C; Lydekker, 1888: fig.38;
Norman, 2010: figs.4A-B). The neurapophysis is oblique,
more inclined posteriorly in the middle dorsals (ca. 65° to
the horizontal in NHMUK R798) than in the posterior dor-
sals (ca.80° in NHMUKR805). The neural spine of B. dawsoni
is broader than that of H. fittoni and of the Salas ornithopod
(height/anteroposterior length ratio equal to or less than
3).

Iguanodontians from the upper part of the Wealden
Group (Barremian-Aptian) of Britain and its equivalent
units in mainland Europe are represented by at least two
species: Iguanodon bernissartensis and Mantellisaurus ather-
fieldensis (Norman, 2010; Paul, 2007, 2008). The validity
of Vectisaurus valdensis from the Isle of Wight (Galton,
1976) and Dollodon bampingi from Belgium (Dollodon seelyi
in Carpenter and Ishida, 2010) is controversial (Norman,
1990, in press).

I bernissartensis is currently the only valid species of
Iguanodon (Paul, 2008; Norman, in press; contra Norman,
2004). It bears low dorsal neurapophyses that do not
exceed 2.5 times the height of the centrum, and are inclined
posteriorly at about 65-70° to the horizontal (Fig. 3D;
Norman, 1980: figs. 36¢, 39b, 40a).

In Mantellisaurus atherfieldensis, the dorsal neurapophy-
ses are higher than in I bernissartensis (Norman, 2004:
fig. 19.16), but the height does not exceed three times that
of the centrum (Figs. 3E-F; Norman, 1986: figs.29, 31, 32,
appendix 2). The neural spines are almost vertical, forming
an angle of approximately 80-85° to the horizontal.

The dorsal neurapophyses of the holotype of Vectisaurus
valdensis (NHMUK R2494-2500) are broken. Referred
material includes an associated series of dorsal vertebrae
with elongate neural spines that are vertically oriented
(NHMUK R8649), which are now part of the holotype of the
recently described taxon Proplanicoxa galtoni (Carpenter
and Ishida, 2010). The neurapophyses are wider at the dor-
sal end than in the proximal region. According to Galton

Fig. 3. Comparative drawings of middle dorsal vertebrae from several ornithopod dinosaurs in left lateral view. A: GPIT 1802/1, Iguanodontia indet.,
Hauterivian-Barremian Salas de los Infantes (Burgos, Spain); B: NHMUK R604, Hypselospinus fittoni, Valanginian of Sussex (Norman, 2010: fig.9A); C:
NHMUK R798, Barilium dawsoni, Valanginian of Sussex (Norman, 2010: fig. 4A; reversed); D: IRSNB “individu S”, Iguanodon bernissartensis, Barremian to
basal Aptian of Belgium (Norman, 1980: fig. 34, dorsal 6); E: IRSNB 1551, Mantellisaurus atherfieldensis [Dollodon bampingi of Paul, 2008; Dollodon seelyi of
Carpenter and Ishida, 2010], Barremian to basal Aptian of Belgium (Norman, 1986: fig. 29B, reconstructed dorsal 6); F: GPI-S.31, Mantellisaurus atherfieldensis,
Barremian-Aptian of Westphalia (Norman, 1987a: fig.9c); G: NHMUK R8649, Proplanicoxa galtoni [Vectisaurus valdensis], Barremian of the Isle of Wight
(Galton, 1976: fig. 2A, D9; reversed); H: MDE uncatalogued (cast), cf. Rhabdodon priscus, Campanian of Languedoc (Buffetaut et al., 1996: fig. 6b; reversed);
I1-J: NMN GDF 300 (casts in MNHN), Ouranosaurus nigeriensis, Aptian of Niger (Taquet, 1976: fig. 38, No. 17 [dorsal 5] and No. 19 [dorsal 7]); K: AMNH 5206,
Hypacrosaurus altispinus, Maastrichtian of Alberta (Brown, 1913: fig.2a; reversed). Abbreviations: di: diapophysis; ne: neurapophysis; pa: parapophysis;
po: postzygapophysis; pr: prezygapophysis. All figures on the same scale. Scale bar represents 10 cm.

Fig. 3. Dessins comparatifs des vertébres dorsales moyennes de plusieurs ornithopodes en vue latérale gauche. A: GPIT 1802/1, Iguanodontia indet.,
Hauterivien-Barremien Salas de los Infantes (Burgos, Espagne); B: NHMUK R604, Hypselospinus fittoni, Valanginien de Sussex (Norman, 2010: fig. 9A); C:
NHMUK R798, Barilium dawsoni, Valanginien de Sussex (Norman, 2010: fig.4A; inversée); D : IRSNB «individu S », Iguanodon bernissartensis, Barremien-
Aptien inférieur de Belgique (Norman, 1980 : fig. 34, dorsale 6); E: IRSNB 1551, Mantellisaurus atherfieldensis [Dollodon bampingi de Paul, 2008 ; Dollodon
seelyi de Carpenter et Ishida, 2010], Barremien-Aptien inférieur de Belgique (Norman, 1986 : fig. 29B, dorsale 6) ; F: GPI-S.31, Mantellisaurus atherfieldensis,
Barremien-Aptien de Westphalie (Norman, 1987a: fig.9c); G: NHMUK R8649, Proplanicoxa galtoni [Vectisaurus valdensis], Barremien de I'Isle de Wight
(Galton, 1976: fig.2A, D9 ; inversée); H: MDE non catalogué (moulage), cf. Rhabdodon priscus, Campanien du Languedoc (Buffetaut et al., 1996 : fig.6b;
inversée); I-] : NMN GDF 300 (moulages au MNHN), Ouranosaurus nigeriensis, Aptien de Niger (Taquet, 1976 : fig. 38, n° 17 [dorsal 5] et n® 19 [dorsale 7]);
K: AMNH 5206, Hypacrosaurus altispinus, Maastrichtien d’Alberta (Brown, 1913 fig. 2a ; inversée). Abréviations : di : diapophyse ; ne : neurapophyse ; pa:
parapophyse ; po: postzygapophyse ; pr: prézygapophyse. Toutes les figures a la méme échelle. Barre d’échelle : 10 cm.
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(1976: fig.2), the ratio between the height of the neural
spine and the centrum is approximately 3.7 (Fig. 3G) in the
middle dorsals and can reach 3.8 in the posteriormost dor-
sals. Reexamination of NHMUK R8649 indicates that the
neural spines are incomplete. In the best preserved verte-
bra, the ratio is about 3.2.

Among European ornithopods, only the Late Cretaceous
rhabdodontid Rhabdodon could have had such high neural
spine (Fig. 3H; Buffetautetal., 1996). As to other ornithopod
species outside Europe, only a few have higher dorsal neu-
ral spines than the Salas taxon, i.e. Quranosaurus nigeriensis
from the Aptian of Niger (Taquet, 1976), Hypacrosaurus
altispinus from the Maastrichtian of Canada (Brown, 1913)
and an unnamed iguanodontian from the Albian of the
United States (Scheetz et al., 2010). The mid-dorsal neu-
rapophyses of Ouranosaurus are the highest of the series,
approximately 7 to 7.5 times as high as the centra (NMN
GDF 300; casts in MNHN; Taquet, 1976: figs.37, 38, 73),
whereas the anterior and posterior dorsal neurapophy-
ses are slightly lower (ratio: 5 to 5.5) (Fig. 3I-]). The
neural spines are petal-shaped and wider distally than
proximally, except in the first middle dorsals where they
are narrow and parallel-sided (Fig. 31). The neural spines
are vertical in the middle dorsals and become slightly
inclined anteriorly in the posterior dorsals (Taquet, 1976).
Hypacrosaurus altispinus possesses the tallest neural spines
among hadrosaurids (Horner et al., 2004). Those of the
middle dorsal vertebrae are approximately five times as
high as the centrum, and are vertically oriented (AMNH
5204, 5206, 5217; Brown, 1913: fig.2; Horner et al., 2004:
fig. 20.9a; Fig. 3K). Finally, an unnamed iguanodontian from
Utah is characterized by dorsal neural spines 5.5 times as
high as the centrum (Scheetz et al., 2010).

The function of the high neural spines in Ouranosaurus
and other long-spined dinosaurs is the source of some
debate. It has been suggested that such high neural spines
could be related to thermal biology (Bailey, 1997), but the
precise function of these structures remains uncertain.

7. Conclusions

The dorsal vertebrae from the Lower Cretaceous (Upper
Hauterivian-Lower Barremian Pinilla de los Moros Forma-
tion) near Salas de los Infantes (Burgos, Spain) represent
a tall-spined ornithopod, the first found in the Iberian
record. This material is here regarded as that of a medium-
sized (roughly 5 m long) iguanodontian. It was previously
assigned to Iguanodon cf. fittoni but differences in the elon-
gation of the middle dorsal neurapophyses (4.5 times as
high as the centrum) and their vertical orientation indi-
cate that it is not referable to that (or any other known)
iguanodontian species. We regard the Salas ornithopod as
a potentially distinct taxon, but suggest that it would be
inadvisable to erect a new genus and species given the
incomplete material available. Among ornithopods, several
lineages of Cretaceous iguanodontians have representa-
tives that bear greatly elongated (e.g., more than four times
as high as the centrum) neural spines in the dorsal verte-
brae. The elongation of the dorsal neurapophyses reaches
its greatest expression in Ouranosaurus (with a ratio of up
to 7.5 times).
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