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An analysis of the first fossil remains of styracosternan
ornithopod dinosaurs from the Early Cretaceous of La Rioja
(Spain) and its paleobiogeographical implications
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ABSTRACT

La Rioja, located in the eastern sector of the Cameros Basin, has one of the high-
est concentrations of Lower Cretaceous dinosaur ichnites in the Iberian Peninsula.
However, the skeletal remains of these animals are scarce and only the presence of
carcharodontosaurid and spinosaurid theropods in the Enciso Group and hypsilopho-
dontid ornithopods in the Olivan Group are known. This paper describes and analyses
fossil remains found at the El Horcajo site from the Oncala or Enciso Group and attri-
butes them to styracosternan ornithopod dinosaurs. If confirmed, these results suggest
that these are the earliest styracosternan remains from the Cameros Basin and from
other Lower Cretaceous deposits from the Iberian Peninsula, indicating this group
inhabited the Iberian Peninsula 7.2 million years before previously acknowledged.
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INTRODUCTION

The Lower Cretaceous deposits of the Cam-
eros Basin in La Rioja area of Spain are widely
known for the richness of their dinosaur ichnites
(Diaz-Martinez, 2013; Pérez-Lorente, 2015;
Garcia-Ortiz de Landaluce, 2016). On the other
hand, dinosaur skeletal remains from the Early
Cretaceous are rare and have only been found in
two lithostratigraphic units in the Riojan sector of
the Cameros Basin. The first is the Enciso Group,
where the fossil remains of Riojavenatrix lacustris
have been described (Isasmendi et al., 2024), as
well as other fossil remains referable to Spinosauri-
dae (Navarro-Lorbés and Torices, 2018; Isasmendi
et al.,, 2020; 2023) and Carcharodontosauridae
(Navarro-Lorbés and Torices, 2018). The second is
the Olivan Group, where remains of cf. Hypsilopho-
don sp. have been found (Torres and Viera, 1994;
Ruiz-Omefiaca, 2001). Dinosaur eggshells have
also been reported in the Lower Cretaceous
deposits of the Cameros Basin and have been
referred to the ornithopod oogenus Guegoolithus
turolensis (Moreno-Azanza et al., 2016). However,
in the Riojan sector of the Cameros Basin, skeletal

remains of large ornithopods have not yet been
described in detail.

This paper describes new ornithopod dino-
saur remains found in the El Horcajo site (Oncala
or Enciso Gr), in La Rioja. These fossil remains
have also been systematically analyzed and com-
pared with other known ornithopod taxa. In addi-
tion, morphometric analyses have been performed
to quantitatively compare them with other Iberian
and European members of Ornithopoda. Finally,
the paleobiogeographical implications of these
results are considered within the current knowl-
edge of styracosternan ornithopods of Europe
(Appendix 1) and the Iberian Peninsula (Appendix
2).

GEOGRAPHICAL AND GEOLOGICAL SETTING

The dinosaur skeletal remains presented here
were found in the locality of Trevijano (central La
Rioja), in northern Spain (Figure 1A). The El Hor-
cajo site is situated 1 km west of the village of Tre-
vijano.

Geologically, this site is in the northeastern
part of the Cameros Basin (Figure 1B). This basin
mainly developed in the second rifting stage that
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FIGURE 1. Location of La Rioja and the sites; A, geographical map of the Iberian Peninsula; B, geological map of the
northeastern Cameros Basin and location of the El Horcajo site (modified from Suarez-Gonzalez et al., 2013 and Isas-

mendi et al., 2021).
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occurred during the Late Jurassic and Early Creta-
ceous in the lberian Mesozoic Rift (Mas et al.,
2002). The Cameros Basin can be divided into two
smaller sub-basins, the Eastern Cameros sub-
basin and the Western Cameros sub-basin (Mas et
al., 1993; 2003). The deposits of the Cameros
Basin are mainly continental or coastal in origin,
reaching up to 6,500 m in thickness in the dep-
ocenter of the basin (Martin-Chivelet et al., 2019
and references therein). These deposits are Titho-
nian—early Aptian in age (Martin-Chivelet et al.,
2019 and references therein) and have been tradi-
tionally divided into Tera, Oncala, Urbion, Enciso,
and Olivan groups (Figure 1B) by Tischer (1966).
Nevertheless, Mas et al. (2002) proposed eight
sedimentary sequences (DS 1-8), where the fluvial
deposits evolve laterally and upwards to more
lacustrine environments (Hernan, 2018).

The El Horcajo area (Figure 1B) has been
proposed as being part of either the Oncala (DS 3
of Mas et al., 2002) or Enciso groups with no cur-
rently agreed consensus (e.g., Doublet, 2004;
Schudack and Schudack, 2009; Suarez-Gonzalez
et al.,, 2013). In any case, the El Horcajo strati-
graphic levels consist of grey marls within a red
clay-grey marl interval interpreted as being formed
in a lacustrine-palustrine system, with coastal influ-
ence (Moreno-Azanza et al., 2016). In the El Hor-
cajo site, the fossils were found in situ in a siltstone
bed (Figure 2).

Regarding the age of the Enciso Gr, different
ranges have been proposed based on different
studies. However, the lack of high resolution bio-
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FIGURE 2. The El Horcajo site stratigraphic column
(modified from Moreno-Azanza et al., 2016).
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stratigraphic data hinders the absolute dating of
the unit. The most recent studies date the Enciso
Gr as latest Barremian-early Aptian (Suarez-
Gonzalez et al., 2013). The chronostratigraphy car-
ried out in the El Horcajo fossil site dates it to the
Valanginian—Hauterivian (Moreno-Azanza et al.,
2016), regardless of the lithostratigraphic unit it
belongs to.

MATERIAL AND METHODS
Material

The fossil remains studied in this work were

found at the El Horcajo site. These remains were
recovered during a survey carried out in 2008 by
the research teams of the University of La Rioja
and Aragosaurus. These fossils were accumulated
in an area of about 20 square meters, near each
other, and were extracted by digging shallowly into
the sediment (Moreno-Azanza, pers. comm.). Fos-
sils from this site comprise an anterior caudal ver-
tebra (CP 411), mentioned in Moreno-Azanza et al.
(2016), a proximal fragment of a humerus (CP
412), a proximal carpal fragment (radiale) (CP
414), a mid-distal portion of the shaft of a left tibia
(CP 415), and a proximal fragment of a fibula (CP
413). All these fossils are housed at the Centro
Paleontolégico de Enciso in Enciso (La Rioja,
Spain).
Comments on the state of preservation of the
material. At the site of the El Horcajo, dinosaur
eggshells, an ornithopod vertebra, the teeth of
theropod dinosaurs and crocodylomorphs, and fish
scales have been recovered (Moreno-Azanza et
al., 2016; Navarro-Lorbés and Torices, 2018). In
this site, bone remains such as the vertebra and
others, which make up the set studied in this work,
are presented as fragmentary, abraded, and
incomplete bones. Due to the relative size ratio of
the five fossils studied from this site, it is proposed
that four of them could be associated with a single
individual, while another one would belong to a dif-
ferent individual (See Taxonomic assignment and
number of individuals). Despite the unfavorable
state of preservation, all the skeletal remains pres-
ent limited but sufficient characters to be identified
and compared taxonomically.

Methods

These fossil remains were systematically
studied and compared with other ornithopod taxa.
This task has been carried out through the first-
hand study of the fossil remains deposited in differ-
ent institutions in Spain (see Appendix 3), and the
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review of the available literature data of the fossils
deposited in the institutions of other countries.

The variables measured for the anterior cau-
dal vertebra CP 411 were: vertebral centrum length
(L); height of the anterior articular facet of the cen-
trum (Ha); height of the posterior articular facet of
the centrum (Hp); width of the anterior articular
facet of the centrum (Wa); width of the posterior
articular facet of the centrum (Wp). The variables
measured for the appendicular elements CP 412,
CP 413, CP 414, and CP 415 were: length (L);
width (Wa); height (H). The anatomical nomencla-
ture of Ramirez-Velasco and Alvarado-Ortega
(2022) has been used for describing part of the
material, as well as for anatomical structures. A
section with anatomical justifications for the ana-
tomical assignments of the most fragmentary fos-
sils is added.

For systematic comparisons, the phylogeny
proposed by Poole (2022) for Ornithopoda has
been adopted in this work. For the anatomical iden-
tification, location and orientation of the tibial frag-
ment (CP 415), 3D models of appendicular
elements of ornithopods were reviewed using Mor-
phoSource software.

A multivariate analysis has also been per-
formed, consisting of a Principal Component Anal-
ysis (PCA), comparing the anterior caudal vertebra
(CP 411) with data obtained from measurements of
the anterior caudal vertebrae of other ornithopod
taxa (see Appendix 4), which have been normal-
ized to base 10 logarithms. PAST v4.03 (Hammer
et al., 2001) software was used to process the sta-
tistical data obtained from the measurements. CP
411 was the only specimen complete enough to
allow sufficient variables to be compared with
known taxa. Comparable measurements in these
taxa were obtained by taking first-hand data in
some specimens and consulting published supple-
mentary material for other taxa. In cases where
there is no supplementary material with fossil mea-
surements of the specimens, measurements have
been taken using ImagedJ software (Rueden et al.,
2017) using published figures.

Institutional Abbreviations

CP, Centro Paleontolégico de Enciso, Enciso,
Spain; MAP, Museo Aragonés de Paleontologia,
Teruel, Spain; MNS, Museo Numantino, Soria,
Spain; NHMUK, Natural History Museum, London,
United Kingdom; MDS, Museo de Dinosaurios de
Salas de Los Infantes, Salas de Los Infantes,
Spain).

SYSTEMATIC PALEONTOLOGY

DINOSAURIA Owen, 1842
(sensu Poole, 2022)
ORNITHISCHIA Seeley, 1887
(sensu Poole, 2022)
NEORNITHISCHIA Cooper, 1985
(sensu Poole, 2022)
ORNITHOPODA Marsh, 1881
(sensu Madzia et al., 2021)
IGUANODONTIA Dollo, 1888
DRYOMORPHA Sereno, 1986
(sensu Poole, 2022)
ANKYLOPOLLEXIA Sereno, 1986
(sensu Poole, 2022)
STYRACOSTERNA Sereno, 1986
(sensu Poole, 2022)
Styracosterna indet.

Axial Skeleton

Caudal vertebra. CP 411 belongs to an anterior
caudal vertebra (Figure 3A-F). The caudal vertebra
preserves its centrum, part of base of the neural
spine, and the bases of the caudal ribs. The cen-
trum is platycoelous, laterally compressed, and
dorsoventrally elongated. The edges of the articu-
lar facets are damaged (Figure 3A, B).

The centrum is sub-rectangular in lateral view
and dorsoventrally taller than anteroposteriorly
wide (Figure 3C, D). The anterior haemal facet
faces anteroventrally at an angle of 30° with
respect to the anterior articular facet (Figure 3A,
C), whereas the posterior articular haemal facet is
posteroventrally oriented with an angle of approxi-
mately 50° with respect to the posterior articular
facet (Figure 3B, D). Both haemal facets are latero-
medially wider than anteroposteriorly long (Figure
3A, B). A nutritional foramen is present on both
sides of the vertebral centrum (Figure 3C, D). Only
on the left lateral surface (Figure 3C), fusion marks
between the neural arch and the vertebral centrum
are present (neurocentral synchondrosis). The
neural canal is spindle shaped in the anteroposte-
rior direction (Figure 3A, B). The caudal ribs are
incomplete, but they seem to be dorsolaterally pro-
jected (Figure 3A, B). The bases of the caudal ribs
are elliptical in outline with the anteroposterior axis
being the longest. The CP 411 vertebra is identified
as an anterior caudal (Figure 3G) due to the dorso-
ventrally higher than anteroposteriorly long cen-
trum, presence of caudal ribs, and well-developed
facets for the haemal arches. The measurements
of CP 411 can be seen in Table 1.
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FIGURE 3. Anterior caudal vertebra CP 411: A, anterior view; B, posterior view; C, left lateral view; D, right lateral
view; E, dorsal view; F, ventral view; G, position of CP 411 between the anterior caudal vertebrae showing transverse
processes of the caudal series (modified from Scott Hartman, 2016). The question symbol (?) indicates the plausible
precise location. Abbreviations: aaf, anterior articular facet; ahaef, anterior articular haemal facet; crib, caudal rib; fm,
fusion marks; Ha, height of the anterior articular facet of the centrum; Hp, height of the posterior articular facet of the
centrum; L, vertebral centrum length; narc, neural arch; nca, neural canal; nf, nutritional foramen; paf, posterior articu-
lar facet; phaef, posterior articular haemal facet; Wa, width of the anterior articular facet of the centrum; Wp, width of
the posterior articular facet of the centrum. Scale bar equals 10 cm.

TABLE 1. Measurements (in mm) of CP 411. Abbreviations: Ha, height of the anterior articular facet of the centrum; Hp,
height of the posterior articular facet of the centrum; L, vertebral centrum length; Wa, width of the anterior articular facet
of the centrum; Wp, width of the posterior articular facet of the centrum.

Code Element L Wa Ha Wp Hp
CP 411 Anterior caudal 58.0 80.0 75.0 75.0 75.0
vertebra
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Appendicular Skeleton

Humerus. CP 412 is a fragment of the proximal
end of a left humerus (Figure 4A-E). In anterior
view, the anterior surface of the element is flat (Fig-
ure 4A). In posterior view, this bone preserves part
of the humeral head, which is bulging and rounded,
and part of the medial tuberosity, which is flat, but
the lateral tuberosity is absent (Figure 4B). From
the base of the humeral head, following a straight
line to the medial edge of the bone, the surface is
raised, possibly due to bone regrowth (Figure 4B).
In proximal view, CP 412 presents a slightly curved
profile mediolaterally, as well as part of the
regrowth, which protrudes slightly from the dorsal
face, and part of the humeral head which is also
abraded (Figure 4C). The distal view exhibits the
fracture surface between CP 412 and the rest of
the humerus, which is also abraded, and the bone
tissue is rough (Figure 4D). The measurements of
CP 412 can be seen in Table 2.

The anatomical identification of CP 412 as a
fragment of left proximal humerus (Figure 4E) is
due to the general morphology of the fossil, as well
as the identification of the condyle of the most
proximal part of the fragment as the humeral head
(Figure 4B-D). The hypothesis that CP 412 could
belong to a fragment of another type of appendicu-
lar element of similar size such as a scapula, cora-
coid, ilium, or pubis has been excluded. CP 412
differs from the anterior end of a scapula or cora-
coid because it has a sub-rectangular and curved
morphology in anterior and posterior view (Figure
4A, B), whereas in a coracoid the anterior end is
broad and expanded in Iguanodon bernissartensis
(Norman, 1980), roughly rectangular in Mantellis-
aurus atherfieldensis (Bonsor et al., 2023), or flat,
broad, and very thick in Magnamanus soriaensis
(Fuentes-Vidarte et al., 2016). In addition, the pos-
teriorly protruding proximal end (humeral head)
also does not morphologically resemble either a
glenoid, ventral process, or acromion process. The
glenoid forms a large crescent-shaped concave
depression in I. bernissartensis (Norman, 1980)
and is arc-shaped in Mantellisaurus atherfieldensis
(Bonsor et al., 2023); the ventral process is a pro-
nounced hook-shaped ridge, while the acromion
process is also hook-shaped in Mantellisaurus ath-
erfieldensis (Bonsor et al., 2023).

CP 412 also differs morphologically from an
ilium or pubis, because of its protruding proximal
end; in a pubis, the thickness decreases posteriorly
until the prepubic process (e.g., I. bernissartensis
[Norman, 1980], or Mantellisaurus atherfieldensis
[Bonsor et al., 2023]), whereas in CP 412 the thick-
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ness remains homogeneous throughout the frag-
ment. In the case of an ilium, the mediolateral
thickness remains constant, but the shape of this
bone, which is more elongated anteroposteriorly
than higher proximodistally in ornithopods such as
I. bernissartensis (Norman, 1980), Mantellisaurus
atherfieldensis (Bonsor et al., 2023), Ouranosau-
rus nigeriensis (Bertozzo et al., 2017), or Morel-
ladon beltrani (Gasulla et al., 2015), differs from
CP 412, which is sub-rectangular and curved.
Carpal. CP 414 has been attributed to a left proxi-
mal fragment of a carpal bone, specifically a radi-
ale, due to the morphology of the proximal
concavity, corresponding to the radius facet, and
the distal concavity, corresponding to the facet for
metacarpal Il (Figure 5A). The radiale is worn and
incomplete, and only the proximal end is pre-
served. In anterior view (Figure 5A), the fragment
presents a subrectangular morphology with con-
cave proximal and distal facets due to the radius
facet and the facet for metacarpal Il. The radius
facet is more concave compared to the metacarpal
facet (Figure 5A). The facet for metacarpal Il is also
smooth. Both the dorsal and ventral faces are flat
(Figure 5B, D). The radiale is thicker ventrally and
dorsally and in posterior view (Figure 5C), the frac-
ture surface is observed, as well as the cancellous
bone tissue. The surface of the radial facet is
smooth, and the edges have striations, which mark
the morphologically anatomical dorsoventral limits
of the radius facet (Figure 5E). In proximal and dis-
tal views, CP 414 presents a half-oval-shaped mor-
phology due to the absence of the rest of the
radiale (Figure 5E, F). The measurements of CP
414 can be seen in Table 3.

The anatomical assignment of CP 414 to a left
proximal fragment of a carpal bone, specifically a
radiale (Figure 5A-F), is due to the presence of two
concaved facets, one on the proximal face and one
on the distal face, which have been identified as
the radius facet and the facet for metacarpal Il. The
hypothesis that CP 414 could belong to a manual
or pedal phalanx has been discarded. It can be
observed that manual phalanges in ornithopoda
usually present flat (e.g., Ouranosaurus nigerien-
sis, Bertozzo et al., 2017) or concave (e.g., Mantel-
lisaurus atherfieldensis, Bonsor et al., 2023)
articular faces vary in proximodistal length,
depending on whether there are proximal or distal
phalanges, and present an hourglass-shaped mor-
phology in anterior, posterior, and lateral and
medial view. In the pedal phalanges of ornitho-
pods, it is observed that the proximal articular
faces are usually concave, and the distal ones con-
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FIGURE 4. Fragment of proximal end of left humerus CP 412: A, anterior view; B, posterior view; C, proximal view; D,
distal view; E, position of CP 412 on the left humerus (modified from Scott Hartman, 2016). Abbreviations: breg, bone
regrowth; H, height; hh, humeral head; L, length; W, width. The morphology of the dashed lines is indicative; it does
not indicate a precise morphology. Scale bar equals 10 cm.

TABLE 2. Measurements (in mm) of CP 412. Abbreviations: H, height; L, length; W, width.

Code Element w H L
CP 412 Left proximal humerus 100.0 160.0 30.0
fragment
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FIGURE 5. Left proximal carpal fragment (radiale) CP 414: A, anterior view; B, dorsal view; C, posterior view; D, ven-
tral view; E, proximal view; F, distal view. Abbreviations: H, height; L, length; mcl, metacarpal I; mcllf, metacarpal I

facet; raf, radius facet; W, width. Scale bar equals 5 cm.

vex (e.g., Ouranosaurus nigeriensis [Bertozzo et
al., 2017]; Mantellisaurus atherfieldensis Bonsor et
al., 2023]), and as with the manual phalanges, the
morphology in anterior, posterior, lateral and
medial view is hourglass-shaped. In CP 414 both
articular faces are concave, and although it is true
that in anterior and posterior view the morphology
may look like an hourglass, in lateral and medial
view the morphology is subtriangular, so that mor-
phologically it is not consistent with a manual or
pedal phalanx.

Tibia. CP 415 corresponds to a mid-distal portion
of the shaft of a left tibia (Figure 6A-G) and is
slightly taller (Figure 6A-D) than wide (Figure 6E,
F). The section perpendicular to the major axis
cross-section of the shaft is teardrop-shaped, wider
laterally, and narrowing medially until reaching the

medial surface which is adjacent to the fibula (Fig-
ure 6E, F). The compact bone is maximum 1 cm in
thickness, as well as the medullary cavity. The
measurements of CP 415 can be seen in Table 4.
The assignment of CP 415 to a mid-distal tib-
ial diaphysis (Figure 6G) has been made after
comparing the general morphology of the bone, in
different views, with digitized models of other
appendicular bones of ornithopod dinosaurs (see
Methods). The hypothesis that CP 415 could
belong to a diaphysis or intermediate section of
another type of appendicular long bone such as a
femur, humerus, radius, ulna, or fibula has been
ruled out. This is because examining the section
morphology of 3D models of elongate appendicular
bones of other ornithopods, such as those of the
digitized specimen of Mantellisaurus atherfielden-

TABLE 3. Measurements (in mm) of CP 414. Abbreviations: H, height; L, length; W, width.

Code Element

w H L

CP 414 Left proximal carpal

fragment (radiale)

60.0 40.0 45.0
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FIGURE 6. Left tibia CP 415: A, anterior view; B, posterior view; C, lateral view; D, medial view; E, proximal view; F,
distal view; G, position of CP 415 on the left tibia (modified from Scott Hartman, 2016). Abbreviations: cobon, compact

bone; H, height; medca, medullary cavity; L, length; W, width. Scale bar equals 5 cm.

TABLE 4. Measurements (in mm) of CP 415. Abbreviations: H, height; L, length; W, width.
H L
45.0

Code Element w

CP 415 Mid-distal portion of 80.0 85.0
shaft of a left tibia
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sis NHMUK PV R5764 (Morphosource/ Mantellis-
aurus) shows that the drop-shaped morphology of
CP 415, seen in proximal and distal view (Figure
6E, F), does not agree with any morphology that a
femoral or humeral diaphysis section may have.
The femur sections vary constantly in shape along
the diaphysis, while in the humerus, the diaphysis
of the distal part presents a subellipsoidal section
morphology, also differing from CP 415. In the case
of the section morphologies of the radius diaphy-
sis, it does not agree with CP 415, mainly due to
the size and thickness of CP 415. Furthermore, the
radius diaphysis sections present a subrounded
morphology, with the medial surface wedged, also
differing from CP 415. The section perpendicular to
the major axis of the diaphysis of the ulna of Man-
tellisaurus atherfieldensis (digitalized specimen
NHMUK PV R5764) presents a subrounded mor-
phology, which is consistent longitudinally through-
out the bone. In the fibula, the diaphysis sections of
the proximal part present a rounded morphology,
while the distal diaphysis is subrounded. None of
these morphologies in the diaphysis sections of
these two bones coincide with the one presented
by CP 415.

Fibula. CP 413 belongs to a proximal fragment of
a left fibula (Figure 7A-E), specifically to the mid-
posterior part of the caput fibulae (sensu Baumel
and Witmer, 1993; Ramirez-Velasco and Alvarado-
Ortega, 2022) (Figure 7A, C). The cranial process
and the rest of the distal part of the fibula are
absent, the posterior edge of the fibula is slightly
curved in a proximodistal direction (Figure 7A, C).
In posterior view, the fragment is elongated proxi-
modistally and flattened lateromedially (Figure 7B).
In proximal view the posterior border is rounded
(Figure 7D), the facies articularis tibialis (sensu
Baumel and Witmer, 1993; Ramirez-Velasco and
Alvarado-Ortega, 2022) is almost flat, while the
facies articularis femoralis (sensu Baumel and Wit-
mer, 1993; Ramirez-Velasco and Alvarado-Ortega,
2022) forms a slight curve in the anteroposterior
direction (Figure 7D). In lateral and medial views,
the facies articularis femoralis and the facies
articularis tibialis exhibit an inverted subtriangular
morphology (Figure 7A, C). However, this is the
result of the fractured margins of the bone and the
missing cranial process. The measurements of CP
413 can be seen in Table 5.

The anatomical identification of CP 413 as a
left proximal fragment of fibula (Figure 7E) is due to
the general morphology of the fossil, where one of
the longitudinal faces corresponds to the facies
articularis femoralis and the one on the opposite
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side to the facies articularis tibialis. These features
have allowed us to identify the fossil as the middle-
posterior part of a caput fibulae. The morphology of
CP 413 may partly resemble that of a medial pro-
cess of an ulna, but this hypothesis has been dis-
carded because in CP 413, the proximal surface
and the posterior curvature are joined by a rounded
corner (Figure 7A, C), whereas in the medial pro-
cesses of the ulnae of ornithopods such as Oura-
nosaurus nigeriensis (Bertozzo et al., 2017) or
Mantellisaurus atherfieldensis (Norman, 1986;
Bonsor et al., 2023), these corners are angular. It
should also be noted that in proximal view, the
thickness of the medial processes of the ulnae
increases mediolaterally, while in CP 413, despite
the wear, the anatomical thickness of the bone is
maximal in the anteroposterior medial axis of the
fragment (Figure 7D). Furthermore, the thickness
decreases progressively on both sides, which dif-
fers from that of a medial process of an ulna.

RESULTS
Morphometric Analysis (PCA)

In this PCA, the total variance is explained by
five principal components (PCs) (see Appendix 4).
PC1 describes 98.03% of the total variance, with
the main variable being the Hp, followed by the Ha,
Wp, Wa, and L. The second principal component
with the most weight is PC2, which describes
0.88% of the total variance, the variable with the
most weight being Hp, followed by Ha and L. The
parameters Wa and Wp present the values closest
to zero, being those that present proportionally less
weight in PC2. The morphospace of Styracosterna
indet. (Morphotype |) overlaps completely with that
of Magnamanus soriaensis, and with part of that of
the styracosternans Brighstoneus simmondsi,
Mantellisaurus atherfieldensis, Ouranosaurus nige-
riensis, and Hypselospinus cf. fittoni (Figure 8). It
also overlaps with part of the morphospecies of the
dryosaurid Valdosaurus canaliculatus and CP 411
(Figure 8). The morphospace of the hadrosauri-
form Comptonatus chasei only partially overlaps
with that of Brighstoneus simmondsi (Figure 8).
The morphospaces of cf. Hypsilophodon sp. and
Rhabdodontomorpha are far from the rest of the
ornithopods without any overlap (Figure 8). In gen-
eral, this diagram shows that styracosternans and
hadrosauriformes are mostly located, and quite
overlapping each other, in the second and fourth
quadrants, while dryosaurids, hypsilophodontids,
and rhabdodontomorphs are mostly scattered in
the third quadrant (Figure 8). This diagram shows a
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FIGURE 7. Left proximal fibula fragment CP 413: A, lateral view; B, posterior view; C, medial view; D, proximal view;
E, position of CP 413 on the left fibula (modified from Scott Hartman, 2016). Abbreviations: cfi, caput fibulae; cpr, cra-
nial process; fa.fe, facies articularis femoralis; fa.ti, facies articularis tibialis; H, height; L, length; W, width. Scale bar

equals 5 cm.

TABLE 5. Measurements (in mm) of CP 413. Abbreviations: H, height; L, length; W, width.

Code Element w H L

CP 413 Left proximal fibula 28.0 85.0 70.0
fragment

1
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FIGURE 8. PCA diagram (PC1 Vs. PC2) of normalized linear measurements of caudal vertebral centra of CP 411,
dryosauridae, hypsilophodontidae, rhabdodontomorpha, hadrosauriformes and styracosternan ornithopods.

first approximation of the variability of the anterior
caudal vertebrae of the different types of Lower
Cretaceous ornithopods. It shows that the anterior
caudal vertebrae of the rhabdodontomorphs, hyp-
silophodontids and dryosaurids exhibit a more
marked variability among them and with respect to
the styracosternans and hadrosauriformes ornitho-
pods, which show more homogeneous values
among them. The values of the anterior caudal ver-
tebra CP 411 are similar to those of the styracoste-
rnans analyzed, indicating a greater affinity with
this type of ornithopod dinosaurs.

Taxonomic Assignment, Number of Individuals

Considering the current evidence and the sim-
ilarities between the fossils examined and the orni-
thopod dinosaur taxa mentioned above, as well as
considering the results of the PCA, the most likely
interpretation is that the fossil remains from the El
Horcajo site belong to styracosternan ornithopods.
Thus, the fossils from this site have been assigned
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as belonging to indeterminate styracosternan orni-
thopods (Styracosterna indet.) (Figure 9).

If the remains from the El Horcajo site are
compared with those of other more complete styr-
acosternans, such as I. bernissartensis (Norman,
1980) and Mantellisaurus atherfieldensis (Bonsor
et al., 2023), it is observed that the caudal vertebra
(CP 411), the humerus (CP 412), the fibula (CP
413), and the distal middle portion of the shaft of a
tibia (CP 415), present a similar size relationship,
suggesting that they probably belonged to the
same individual. Examining the size relationship
between the radialia and the anterior caudal verte-
brae and long bones from other more complete
styracosternans such as I. bernissartensis (Nor-
man, 1980), Magnamanus soriaensis (Fuentes-
Vidarte et al., 2016), and Mantellisaurus atherfield-
ensis (Bonsor et al., 2023), it is observed that in
these taxa the radialia are smaller than the caudal
vertebrae and long bones (humerus, tibia, and fib-
ula), being half or less than that of axial and appen-
dicular elements. The size relationship between



PALAEO-ELECTRONICA.ORG

F e

By

Adridan Blazqtiez Riola

FIGURE 9. Approximate reconstruction of the indeterminate styracosternan ornithopods found in the Early Creta-
ceous of the eastern Cameros Basin. lllustration by Adrian Blazquez Riola.

CP 414 with the rest of the material from EI Horcajo
is inverse to that observed for the previous cases,
being proportionally equal or greater. Therefore, it
is more likely that CP 414 belongs to a larger indi-
vidual than the other elements.

Comparisons with Other Ornithopods

Caudal vertebra. The platycoelous centrum exhib-
ited by CP 411 (Figure 10A-C) is also present in
Iguanodontidae indet. (Torcida Fernandez-Baldor
et al., 2006) (Figure 10D, E), I cf. galvensis
(Garcia-Cobefa et al.,, 2022) (Figure 10F, G),
Magnamanus soriaensis (Fuentes-Vidarte et al.,
2016) (Figure 10H, 1), Barilium cf. dawsoni (Nor-
man, 2011), in the Bernissart and Morella /. bernis-
sartensis specimens (Norman, 1980; Gasulla et al.,
2022) (Figure 10J, K), Styracosterna indet. (Mor-
photype 1) (Verdu et al., 2019) (Figure 10L, M),
Cumnoria prestwichii (Maidment et al., 2023), in
Hypselospinus cf. fittoni (Norman, 2015), Tenonto-
saurus tilletti (Forster, 1990), Zalmoxes robustus
(Weishampel et al., 2003), Comptonatus chasei
(Lockwood et al., 2024), and Eolambia caroljonesa

(McDonald et al., 2012a). However, the slightly
concave articular facets of CP 411 centrum differ
from Rhabdodon priscus (Chanthasit, 2010) and
Cumnoria prestwichii (Maidment et al., 2023),
whose anterior caudal vertebrae are amphicoe-
lous. CP 411 also differs from Iguanodon cf. gal-
vensis (Garcia-Cobefia et al., 2022) (Figure 10F,
G), Ouranosaurus nigeriensis (Bertozzo et al.,
2017), Mantellisaurus atherfieldensis (Norman,
1986; Bonsor et al., 2023), and Brighstoneus sim-
mondsi (Lockwood et al., 2021) because the latter
exhibit amphiplatian anterior caudal vertebrae. CP
411 also differs from the shallowly convex morphol-
ogy of the anterior caudal vertebrae of Valdosaurus
canaliculatus (Barret, 2016) and slightly opisthoc-
oelous centra found in rhabdodontomorphs (Dieud-
onné et al., 2016).

The anterior and posterior sub-rectangular
articular facets of the centrum of CP 411 is shared
with /. cf. galvensis (Garcia-Cobefa et al., 2024),
and it is comparable with those of the Bernissart
specimens of [. bernissartensis (Norman, 1980)
and Mantellisaurus atherfieldensis (Norman, 1986;
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FIGURE 10. CP 411 compared to selected anterior caudal vertebrae of styracosternan ornithopods. CP 411: A, in pos-
terior view; B, in left lateral view; C, in right lateral view. This work. Iguanodontidae indet. (MDS-TBMV, 7): D, in right
lateral view; E, in posterior view. Photos taken from MDS-TBMV, 7 (Torcida Fernandez-Baldor et al., 2006). lguanodon
cf. galvensis (MAP-8043): F, in left lateral view; G, in posterior view. Photos taken from MAP-8043 (Garcia-Cobena et
al., 2022). Magnamanus soriaensis (MNS 2000/122.2): H, in right lateral view; |, in posterior view. Photos taken from
MNS 2000/122.2 (Fuentes-Vidarte et al., 2016). Iguanodon bernissartensis (CMP-MS-04/04): J, in right lateral view;
K, in posterior view. Photos taken from CMP-MS-04/04 (Gasulla et al., 2022). Styracosterna indet. (Morphotype 1)
(MAP-793): L, in anterior view; M, in left lateral view. Photos taken from MAP-793 (Verdu et al., 2019). Abbreviations:
ahaef, anterior articular haemal facet; crib, caudal rib; narc, neural arch; nca, neural canal; paf, posterior articular
facet; poz, postzygapophysis; phaef, posterior articular haemal facet; prz, prezygapophysis. Scale bar equals 10 cm.
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Bonsor et al., 2023), where the anterior caudal ver-
tebrae in both taxa are roughly rectangular. The
shape of the articular surfaces of CP 411 differs
from Magnamanus soriaensis (Fuentes-Vidarte et
al., 2016) (Figure 10I), Uteodon aphanoecetes
(Carpenter and Wilson, 2008), Rhabdodon priscus
(Chanthasit, 2010), Z. robustus (Weishampel et al.,
2003), and Brighstoneus simmondsi (Lockwood et
al.,, 2021) because in the latter taxa the anterior
caudal vertebrae are heart-shaped in anterior and
posterior views.

The shape of the articular facets of CP 411
also differs from the Morella specimen of I. bernis-
sartensis (Gasulla et al., 2022) (Figure 10K), Bari-
lium cf. dawsoni (Norman, 2011), and
Hypselospinus cf. fittoni (Norman, 2015) due to the
sub-rounded shape of the anterior caudal verte-
brae of the aforementioned taxa. The CP 411 artic-
ular facets shape also differs from I. cf. galvensis
(Garcia-Cobefia et al., 2022) (Figure 10G) and
Rhabdodontomorpha (Dieudonné et al., 2016) due
to its rounded morphology. The articular facets
shape of CP 411 also differs from Tenontosaurus
tilletti  (Forster, 1990), Eolambia caroljonesa
(McDonald et al., 2012a) and Cumnoria prestwichii
(Maidment et al., 2023), which exhibit subcircular
facets in anterior and posterior views. In the case
of the Iguanodontidae indet. (Torcida Fernandez-
Baldor et al., 2006) (Figure 10E), the morphology
of its caudal vertebrae is sub-ellipsoidal, that of
Comptonatus chasei (Lockwood et al., 2024) is
oval-shaped, that of Ouranosaurus nigeriensis
(Bertozzo et al., 2017) is square-shaped, and that
of Styracosterna indet. (Morphotype I) (Verdu et al.,
2019) (Figure 10L) is sub-quadrangular, differing
from CP 411.

Specimen CP 411 exhibits well-developed
haemal facets (Figure 10B, C), with the posterior
facet being more pronounced than the anterior
one. This character is also found in the Bernissart
and Morella I. bernissartensis specimens (Norman,
1980; Gasulla et al., 2022) (Figure 10J), I. cf. gal-
vensis (Garcia-Cobefia et al., 2024), Ouranosau-
rus nigeriensis (Bertozzo et al, 2017),
Iguanodontidae indet. (Torcida Fernandez-Baldor
et al., 2006) (Figure 10D), I. cf. galvensis (Garcia-
Cobena et al., 2022) (Figure 10F), Mantellisaurus
atherfieldensis (Norman, 1986; Bonsor et al.,
2023), Styracosterna indet. (Morphotype 1) (Verdu
et al., 2019) (Figure 10M), Barilium cf. dawsoni
(Norman, 2011), Hypselospinus cf. fittoni (Norman,
2015), Brighstoneus simmondsi (Lockwood et al.,
2021), Comptonatus chasei (Lockwood et al.,
2024), Tenontosaurus tilletti (Forster, 1990),
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Rhabdodon priscus (Chanthasit, 2010), Cumnoria
prestwichii (Maidment et al., 2023), Uteodon apha-
noecetes (Carpenter and Wilson, 2008), Valdosau-
rus canaliculatus (Barret, 2016), and in the middle
caudal vertebrae of Zalmoxes robustus (Weisham-
pel et al., 2003). In the anterior caudal vertebrae of
Magnamanus soriaensis (Fuentes-Vidarte et al.,
2016) (Figure 10H) the anterior haemal facet is
more developed than the posterior one, differing
from CP 411.

Humerus. In posterior view, the morphology of CP
412 is similar to that present in the humeri of Oura-
nosaurus nigeriensis (Bertozzo et al., 2017), Man-
tellisaurus atherfieldensis (Bonsor et al., 2023), I
cf. galvensis (Verdu, 2017), in the hadrosauriform
Comptonatus chasei (Lockwood et al., 2024), and
in the hadrosauroid Eolambia (McDonald et al.,
2012a). On the other hand, the degree of curvature
of CP 412 differs from the Bernissart specimen of /.
bernissartensis (Norman, 1980), Uteodon apha-
noecetes (Carpenter and Wislon), and Cumnoria
prestwichii (Maidment et al., 2023) because the
medial profile that goes from the lateral tuberosity
to the middle part of the humerus is rectilinear, dif-
fering morphologically with CP 412.

Carpal. The half-oval-shaped morphology in proxi-
mal and distal views of CP 414 resembles the mor-
phology of the anterior end of the radiale of
Magnamanus soriaensis (Fuentes-Vidarte et al.,
2016) and /. bernissartensis (Norman, 1980). This
crescent-shaped morphology of CP 414 differs
from that of Barilium cf. dawsoni (Norman, 2011),
which is square-shaped. In Ouranosaurus nige-
riensis (Rasmussen, 1998), the facet for the radius
is similar to that of CP 414, but the facet for meta-
carpal Il is squarer in Ouranosaurus, differing from
CP 414.

This morphology of CP 414 also differs from
Mantellisaurus atherfieldensis (Bonsor et al.,
2023), where the anterior end of the radiale pres-
ents a sub-ellipsoidal shape, from the radiale of the
rhabdodontoid T. filletti (Rasmussen, 1998), which
presents a “D-shape” and differs from U. apha-
noecetes (Carpenter and Wilson, 2008), which
presents a quadrangular shape.

The sub-triangular morphology of CP 414, in
lateral and medial views, with a rounded anterior
end, differs from all ornithopod radialia mentioned
above, which present almost rectangular shapes,
such as Mantellisaurus atherfieldensis (Bonsor et
al., 2023), and U. aphanoecetes (Carpenter and
Wilson, 2008), or almost square, such as in Oura-
nosaurus  nigeriensis ~ (Rasmussen,  1998),
Magnamanus soriaensis (Fuentes-Vidarte et al.,
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2016), and I. bernissartensis (Norman, 1980). In
the case of T. filletti (Rasmussen, 1998), in lateral
view it is observed that the proximal facet is con-
vex, and the distal facet is concave, differing
greatly from CP 414.

Determining whether the posterior part of the

radial is fused to other carpal bones forming one of
the anatomical structures mentioned above, which
cannot be answered with certainty given the pres-
ent evidence.
Fibula. The sub-triangular morphology, as the
slightly proximodistal curve of the caput fibulae CP
413 resembles those of I. bernissartensis (Norman,
1980), Ouranosaurus nigeriensis (Bertozzo et al.,
2017) and Mantellisaurus atherfieldensis (Bonsor
et al., 2023), while it differs from cf. Hipsilophodon
sp. (Torres and Viera, 1994), whose posterior sur-
face in the proximo-distal direction is straight. In
Rhabdodontomorpha (Dieudonné et al., 2016)
morphology is more subrectangular and the proxi-
modistal curve is sigmoidal, while in Z. robustus
(Weishampel et al., 2003) the morphology is
almost rectangular and no curve is observed in the
proximodistal direction at the posterior end, so both
taxa also differ from CP 413.

DISCUSSION
Paleobiogeographical Implications

In Central, Northern, and Eastern Europe,
several styracosternan ornithopods have been
described in different lithostratigraphic formations
and units (Appendix 1).

The oldest styracosternan ornithopod remains
of this region come from the Valanginian deposits
of the Vectian Basin in England (Hopson et al.,
2008) (Appendix 1). The Vectian Basin is subdi-
vided into the Weald and Wessex sub-basins. In
the Weald sub-basin are the Wadhurst Clay, Tun-
bridge Wells Sand formations, and Weald Clay
Formation, the first two dated as Valanginian, and
the third one dated as Barremian (Batten, 2011;
Austen and Batten, 2018). The Wadhurst Clay,
Tunbridge Wells Sand and Weald Clay formations
have yielded remains assigned to Barilium cf. daw-
soni (Norman and Barret 2002; Norman, 2011,
2013), Hypselospinus cf. fittoni (Norman and Bar-
ret, 2002; Norman, 2013, 2015) and Hypselospinus
cf. fittoni (Norman, 2015) (Appendix 1). In the Wes-
sex sub-basin, the Barremian Wessex Formation
(only the outcrops of the upper part in the Isle of
Wight) and the Barremian-Aptian Vectis Formation
(Batten, 2011; Austen and Batten, 2018) remains
of Brighstoneus simmondsi (Lockwood et al.,
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2021), I. bernissartensis (Norman, 2011, 2015) and
Mantellisaurus atherfieldensis (Norman, 1986;
Bonsor et al., 2023) have been found (Appendix 1).

Remains attributed to Iguanodon sp. have
been discovered in the eastern Paris Basin
(France), specifically in the Hauterivian Calcaire a
Spatangues and the Barremian Argiles Ostreénes
formations (Buffetaut, 2004 and references therein)
(Appendix 1). In the Mons Basin (Belgium), specifi-
cally in the Barremian Sainte-Barbe Clays Forma-
tion, remains of I. bernissartensis have been
reported (Norman, 1980; Yans et al., 2006; Baele
et al., 2012 and references therein) (Appendix 1).

In the Rhenish Massif (Germany), in the
“Nehden Clays”, remains of I. bernissartensis and
Mantellisaurus atherfieldensis (Norman, 1987)
have been described (Appendix 1). The clays in
which the fossils were buried, which had subsided
into a karstic fissure system that involved Devonian
limestones (Norman, 1987) have been compara-
tively dated as Aptian and are roughly penecon-
temporaneous with the Weald Clay Unit of the
Wealden Formation of southeastern England and
Bernissart (Norman, 1987).

In the Iberian Peninsula, many styracosternan
ornithopods have been found in the different for-
mations and lithostratigraphic units that make up
the sedimentary basins and sub-basins of this
southwestern European region (Appendix 2). In the
western sub-basin of the Cameros Basin, in the
Golmayo Formation, dated as late Hauterivian-
early Barremian (Mas et al., 1993), remains
attributed to Magnamanus soriaensis have been
described (Fuentes-Vidarte et al., 2016) (Appendix
2). In the early Barremian Pinilla de los Moros For-
mation (Martin-Closas and Alonso-Millan, 1998),
and the late Barremian-Aptian Castrillo de la Reina
Formation (Martin-Closas and Alonso-Millan,
1998) of the same sub-basin, remains of indetermi-
nate iguanodontids (Torcida Fernandez-Baldor et
al., 1996, 1999, 2006) have been discovered
(Appendix 2). This work now adds styracosternan
records for the Eastern sub-basin in the El Horcajo
site, from the Oncala? or Enciso? group, which is
dated as Valanginian-Hauterivian in age (Moreno-
Azanza et al., 2016) (Appendix 2).

In the Maestrazgo Basin, numerous remains
of styracosternan ornithopods also have been
reported (Appendix 2). In the Pefagolosa sub-
basin, in the El Castellar Formation, dated as early
Hauterivian-Barremian in age (Martin-Closas,
1989), remains attributed to Styracosterna indet.
(Verdu et al., 2019; Garcia-Cobefia et al., 2022,
2023) and Iguanodon cf. galvensis (Garcia-



Cobenfa et al., 2022) have been studied (Appendix
2). In the Galve sub-basin, in the early Barremian
Camarillas Formation (Martin-Closas, 1989; Villan-
ueva-Amadoz et al., 2015), remains of /. cf. galven-
sis (Verdu et al., 2015, 2019; Garcia-Cobefia et al.,
2024) and Delapparentia turolensis (Ruiz-
Omefaca, 2011; Gasca et al., 2015) have been
discovered (Appendix 2). In the Oliete sub-basin,
specifically in the Escucha Formation, dated as
late Aptian-early Albian (Rodriguez-Lopez et al.,
2009), remains of Proa valdearinoensis (McDonald
et al., 2012b) and Styracosterna indet. (Rey et al.,
2018) have been described (Appendix 2). In the
same sub-basin, but in the Barremian Blesa For-
mation (Riveline et al., 1996; Aurell et al., 2018),
remains of Styracosterna indet. have also been
reported (Medrano-Aguado et al., 2022) (Appendix
2). In the Morella sub-basin, specifically in the
Arcillas de Morella Formation, belonging to the
early Aptian (Santafé et al., 1982; Salas et al.,
2001), ornithopod remains attributed to 1. bernis-
sartensis (Gasulla et al.,, 2010, 2014, 2022;
Gasulla, 2015), Mantellisaurus atherfieldensis
(Gasulla et al., 2012; Gasulla, 2015), Morelladon
(Gasulla et al.,, 2015) and Styracosterna indet.
(Gasulla, 2015) have been found (Appendix 2).

In the South Iberian Basin, specifically in the
Cuenca sub-basin, remains of styracosternan orni-
thopods have also been reported (Appendix 2). In
the Barremian-early Aptian La Huérguina Forma-
tion from the Southiberian Basin (Martin-Chivelet
et al.,, 2002; Poyato-Ariza et al., 2016), remains
attributed to Mantellisaurus atherfieldensis (Llan-
dres-Serrano et al., 2013) have been studied
(Appendix 2). In the same sub-basin, but in the late
Barremian of the Tragacete Formation (Buscalioni
et al., 2008; Fregenal-Martinez et al.,, 2017),
remains attributed to |. bernissartensis (Sanguino
and Buscalioni, 2018) and I. cf. bernissartensis
(Berrocal-Casero et al.,, 2025) have been found
(Appendix 2).

Finally, in the Cretaceous section of the
Lusitanian Basin (Portugal), specifically in the early
Barremian Papo-Seco Formation (Figuereido et
al., 2016), remains of indetermined styracosternan-
like ornithopods were described by Figuereido et
al. (2022) (Appendix 2).

Based on the current paleobiogeographical
knowledge of styracosternan ornithopods from
Europe and the Iberian Peninsula and considering
the proposed Valanginian-Hauterivian age of the El
Horcajo site (Moreno-Azanza et al., 2016), the
remains of the styracosternan ornithopod pre-
sented here potentially represent the oldest styr-
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acosternan remains identified to date in the Iberian
Peninsula. The remains of the eastern Cameros
sub-basin are about 7.2 million years older than
those previously reported from the Iberian Penin-
sula.

CONCLUSIONS

This paper describes the skeletal remains
belonging to ornithopod dinosaurs recovered at the
Valanginian-Hauterivian ElI Horcajo site, in La
Rioja, from the Oncala or Enciso groups (Figure 9).
These skeletal remains have been assigned to
Styracosterna indet. based on the PCA results and
on morphological similarities between them and
those of other styracosternan ornithopods. This
represents the oldest styracosternan remains in
the Early Cretaceous of Iberian Peninsula, mean-
ing that styracosternan ornithopods inhabited the
area more previously than reported.
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APPENDIX 1.

Table of distributions of styracosternan ornithopods in the sedimentary basins and geological formations of
the Early Cretaceous of Europe (excluding the Iberian Peninsula).

Sedimentary basin R .
+ Vectian Basin
Sub-basin Mons Basin Paris Basin Rhenish Massif
pi Bicianan Weald sub-basin Wessex sub-basin
formafi'ons i
Wadhurst Clay Fm Vectis Fm Saicai
: " + alcaire
Chronostratlgraphlc age Weald Elﬂy Fm Wessex Fm (upper Sainte-Barbe Clays Fm a I o ArgilesF “Nehden Clays”
rt out treé
Geochronologic age Tunbridge W:IIs Sand Fm |: Iasleoxfz;‘l)::t) Spatangues Fm strecnes Fm
Late
Albian
Early
Late
Aptian . X
Early
Late
Barremian .
Early
Late
Hauterivian
Early
Late .
Early .
Late
Berriasian
Early
Iguanodon bernissartensis (Norman, 2011, 2015) @ Barilium dawsoni (Norman, 2011)
Iguanodon bernissartensis (Norman, 1980; Yans et al., 2006) Hypselospinus cf. fittoni (Norman, 2015)
M Iguanodon bernissartensis (Norman, 1987) @ Hypselospinus fittoni (Norman and Barret, 2002; Norman, 2013, 2015)
Iguanodon sp. (Buffetaut, 2004) X Mantellisaurus atherfieldensis (Norman, 1987)
W Brigh i dsi (Lock d et al., 2021) X Mantellisaurus atherfieldensis (Norman, 1986; Bonsor et al., 2023)
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APPENDIX 2.

Table of distributions of styracosternan ornithopods in the sedimentary basins and geological formations of
the Early Cretaceous of the Iberian Peninsula. (*): The age marked in discontinuous line for the Oncala or
Enciso groups refers to the dating by Moreno-Azanza et al. (2016) (Valanginian-Hauterivian).

Sedimentary basin Meastrazgo Basin Cameros Basin Southiberian Basin
< " ~ Lusitanian Basin
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13 £ £ ©
E = I§ 3= 2's Oncala? £ 2
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+ 2 E Morella Fm E E2 8¢ Enciso? g 5
Geochronologic age o é 38 L 2 E Group’ © 5
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Y *
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Aptian
Early XH+ & n
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Barremian ¢ — N
Early - o
. _____
2 i i
Late | |
Hauterivian : :
Early : :
I I
Late 1 |
! ]
i i
Early : :
Late
Berriasian
Early

B Iguanodon bernissartensis (Gasulla et al., 2010, 2014, 2022; Gasulla, 2015)
W /guanodon bernissartensis (Sanguino and Buscalioni, 2018)

Iguanodon cf. bernissartensis (Berrocal-Casero et al., 2025)
W Iguanodontidae indet. (Torcida Fernandez-Baldor et al., 1996, 1999, 2006)
B Magnamanus soriaensis (Fuentes-Vidarte et al., 2016)

Iguanodon galvensis (Verdu et al., 2015, 2017, 2018; Garcia-Cobeiia et al., 2024)
= |guanodon cf. galvensis (Garcia-Cobena et al., 2022)

Delapparentia turolensis (Ruiz-O 2011; Gasca et al., 2015)
+ Morelladon beltrani (Gasulla et al., 2015)

X Mantellisaurus atherfieldensis (Gasulla et al., 2012; Gasulla, 2015)
Mantellisaurus atherfieldensis (Llandres-Serrano et al., 2013)
* Proa Valdearinnoensis (McDonald et al., 2012)
@ Styr: terna indet. (G 2015)
Styracosterna indet. (Rey et al., 2018)
@ Styracosterna indet. (Verdu et al., 2019; Garcia-Cobeiia et al., 2022, 2023)
4 Styracosterna indet. (Medrano-Aguado et al., 2022)
@ Styracosterna indet. (Figuereido et al., 2022)
Styracosterna indet. (This work)

APPENDIX 3.

Table of specimens examined first-hand. Contains the taxa of ornithopod dinosaurs, the acronyms of the
fossils referred to these taxa and their respective references. Spreadsheet available for download at https://
palaeo-electronica.org/content/2025/5599-styracosternan-of-la-rioja

APPENDIX 4.

Principal Component Analysis Data Matrix. Contains tables with the measurements of the caudal vertebrae
of the ornithopod taxa examined, as well as the results of the PCA. Spreadsheet available for download at
https://palaeo-electronica.org/content/2025/5599-styracosternan-of-la-rioja
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