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Abstract

In 2011 the partial skeleton of a goniopholidid crocodylomorph was recovered in the ENDESA coal mine Mina Corta Barrabasa (Escu-
cha Formation, lower Albian), located in the municipality of Andorra (Teruel, Spain). This new goniopholidid material is represented by
abundant postcranial and fragmentary cranial bones. The study of these remains coincides with a recent description in 2013 of at least two
new species of goniopholidids in the palacontological site of Mina Santa Maria in Arifio (Teruel), also in the Escucha Formation. These
species are Anteophthalmosuchus escuchae, Hulkepholis plotos and an undetermined goniopholidid, AR-1-3422. In the present paper, we
describe the postcranial and cranial bones of the goniopholidid from Mina Corta Barrabasa and compare it with the species from Mina
Santa Maria. For the first time, we include the taxa from the Escucha Formation in a phylogenetic analysis to establish their relationships
within Goniopholididae, adding to what is known of the goniopholidid fossil assemblages from this time interval. The results indicate
that the specimen from Mina Corta Barrabasa is closely related to Anteophthalmosuchus escuchae and may be the same species. Together
with Hulkepholis plotos and other taxa from England and Belgium, these taxa form an endemic European clade. The Escucha Fm. gonio-
pholidids are the youngest Eurasian members of the group and may be the youngest globally, depending on how North American taxa are
eventually resolved.

Keywords: Crocodylomorpha, Goniopholididae, Iberian Range, Early Cretaceous, Iberian Peninsula

Resumen

En 2011 se recuper6 parte de un esqueleto de crocodilomorfo goniofolidido en la mina de carbén Mina Corta Barrabasa (Formacion Es-
cucha, Albiense inferior). Esta mina pertenece a la compafiia ENDESA, y esté localizada en Andorra (Teruel, Espafia). Este nuevo ejemplar
de crocodilomorfo esté representado por abundante material postcraneal y restos craneales fragmentarios. Nuestro estudio coincide con la
reciente descripcion en 2013 de las nuevas especies de goniofolididos Anteophthalmosuchus escuchae 'y Hulkepholis plotos en la Forma-
cion Escucha (Mina Santa Maria en Arifio, Teruel). En este trabajo se describen los restos postcraneales y craneales del goniofolidido de
Mina Corta Barrabasa y se comparan con las nuevas especies de Mina Santa Maria, ademas se propone por primera vez una codificacion
cladistica para los taxones de la Formacion Escucha. Esta informacion se ha incorporado a un analisis filogenético para establecer las re-
laciones filogenéticas de estos taxones dentro de Goniopholididae ayudando a comprender las asociaciones fosiles de los goniofolididos
dentro de este intervalo temporal. Los resultados indican que el espécimen de Mina Corta Barrabasa esta estrechamente relacionado con
Anteophthalmosuchus escuchae y podria pertenecer a la misma especie. Ambos taxones, junto a Hulkepholis plotos y otros taxones de
Inglaterra y Bélgica, forman un clado endémico europeo. Los goniofolididos de la Fm. Escucha son los miembros mas jovenes de Gonio-
pholididae en Eurasia, y podrian ser los mas modernos del mundo dependiendo de como se resuelvan finalmente la posicion de los taxones
norteamericanos.

Palabras clave: Crocodylomorpha, Goniopholididae, Cordillera Ibérica, Cretacico Inferior, Peninsula Ibérica
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1. Introduction

Neosuchian remains are relatively abundant in palaeon-
tological sites of the Spanish Mesozoic, but the diagnostic
cranial material recovered is usually scarce and fragmentary.
Nevertheless, in recent years the situation has changed, with
the description of new taxa in the Lower Cretaceous (Bus-
calioni et al., 2013) and Upper Cretaceous (Puértolas et al.,
2011; Puértolas-Pascual et al., 2014) providing significant
phylogenetic and palaecobiogeographical results. The Lower
Cretaceous is a geological range of great importance in re-
constructing the radiation of advanced neosuchians and the
origin of Eusuchia (Buscalioni et al., 2003; Salisbury ef al.,
2006; Martin and Delfino, 2010). In Europe, there is a great
diversity of taxa that fall precisely within this phylogenetic
position, one such group being the goniopholidids.

The vertebrate fossil record of the Early Cretaceous of
Teruel (Aragén, Spain) is abundant until the Barremian
(Ruiz-Ometiaca et al., 2004; Cuenca-Bescos et al., 2011),
but traditionally scarce in the rest of the Early Cretaceous.
In recent years there has been a breakthrough in the under-
standing of Albian vertebrate assemblages due to the sites
found in coal mines (Canudo et al., 2004; Alcala et al., 2012;
McDonald ef al., 2012; Buscalioni et al., 2013; Kirkland et
al., 2013). These assemblages include the presence of croco-
dylomorphs.

During 2011, the research group Aragosaurus-IUCA from
the Universidad de Zaragoza carried out two excavations in
the Escucha Formation in the coal mine Mina Corta Barra-
basa, owned by the company ENDESA. This mine is located
close to the village of Andorra (Teruel) in the east of Spain
(Fig. 1). Abundant fossils were recovered (corresponding to
more than 200 remains) that belong to a large, disarticulated
neosuchian crocodylomorph (CCB-1). On the basis of the
combination of characters present in the cranial fragments,
jaw, dentition and dermal armour, the crocodylomorph was
preliminarily classified within Goniopholididae (Puértolas-
Pascual et al., 2012; Puértolas-Pascual and Canudo, 2013).
Almost simultaneously, other investigations were being con-
ducted by the Fundacion Conjunto Paleontologico de Teruel-
Dinopolis and the Universidad Auténoma de Madrid in the
lower Albian (Escucha Formation) of Mina Santa Maria
(Arifio, Teruel) (Alcala ef al., 2012; Buscalioni et al., 2013),
located just 10 km east of Mina Corta Barrabasa. In Mina
Santa Maria, an undetermined goniopholidid and two new
species of goniopholidids were described: Anteophthalmosu-
chus escuchae and Hulkepholis plotos. These new taxa are
goniopholidids closely related with the genus Goniopholis
(Buscalioni ef al., 2013).

Goniopholididae is a clade of neosuchian crocodylomorphs
typical of the Jurassic-Cretaceous of Laurasia. Their remains
are very abundant in the fossil record of the Late Jurassic
and Early Cretaceous of Western Europe (Salisbury et al.,
1999; Schwarz, 2002; Schwarz-Wings et al., 2009; Andrade
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Fig. 1.- Geographical and geological location of the Coco Corta
Barrabasa (CCB) palacontological site.

and Hornung, 2011; Salisbury and Naish, 2011) and the Ibe-
rian Peninsula (Buscalioni and Sanz, 1987; Ortega et al.,
1996; Canudo et al., 2010; Buscalioni et al., 2013). There are
also several records of Goniopholididae in Asia and North
America, but the phylogenetic relationships of most of these
taxa remain unclear (Pritchard et al., 2013; Halliday et al., in
press).

Since the first Goniopholis was discovered and described
(Owen, 1842; Cope, 1875), this genus has been used as a
“catch-all” taxon within Goniopholididae for a variety of spe-
cies based on fragmentary material (Andrade et al., 2011),
with as many as 19 species included within the genus (Salis-
bury and Naish, 2011). In the last few years, an exhaustive
revision of Goniopholididae and the genus Goniopholis has
been carried out (Andrade and Hornung, 2011; Andrade et
al.,2011; Salisbury and Naish, 2011; Buscalioni et al., 2013).
These works confirm that Goniopholididae is formed by a
variety of basal taxa from Asia and North America and two
derived European clades, one of which includes three spe-
cies of Goniopholis and the other is composed of taxa such
as Anteophthalmosuchus and Hulkepholis. The goniopholid-
ids from Arifio and Andorra belong to the latter clade, which
represents the last record of Goniopholididae in Europe, in-
dicating a more complex scenario as regards goniopholidid
diversity (Buscalioni et al., 2013).

The aim of this paper is to describe the goniopholidid from
Mina Corta Barrabasa, compare it with closely related taxa
and provide a phylogenetic proposal for the neosuchians de-
scribed in the Escucha Formation of Teruel, including the
material studied in this work.
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2. Material

The material studied in this paper corresponds to a single
individual of a goniopholidid (CCB-1) from the palaeonto-
logical site of Coco Corta Barrabasa. Only skeletal elements
corresponding to the middle and anterior region of the speci-
men have been identified, mainly postcranial bones, but also
fragmentary cranial remains. Among the fossils identified
were several fragmentary cranial bones: frontal, parietal, right
postorbital, left squamosal, right prefrontal, left quadrate, left
jugal, left quadratojugal, left lacrimal and several undeter-
mined fragments; left mandible and a fragment of the right,
and one isolated tooth; and postcranial bones: 2 paravertebral
osteoderms from the nuchal region, 16 paravertebral osteo-
derms from the trunk region, 22 ventral osteoderms and 16
appendicular osteoderms; 3 cervical and 7 dorsal vertebrae; 2
cervical and 6 thoracic ribs; left coracoid, left and right ulnae,
left and right radii, left and fragmentary right ulnare, left ra-
diale, 4 metacarpals and 1 phalanx. On the basis of the large
size of the bones of the skull and postcranial skeleton, and
the length of the left mandible, which is almost completely
preserved with a total length of about 70 cm, we can estimate
that it would have been a huge crocodylomorph that could
have reached about 5 m in length (see Sereno et al., 2001).
The material is temporarily housed at the Museo de Ciencias
Naturales de la Universidad de Zaragoza (MPZ), Zarago-
za (Spain). It will be transferred to the Museo Aragonés de
Paleontologia/Fundacion Conjunto Paleontologico de Teruel-
Dinopolis (Teruel, Spain).

Institutional abbreviations: AR, Arino collection, housed
at the Museo Aragonés de Paleontologia (Fundacion Conjun-
to Paleontologico de Teruel-Dindpolis), Teruel, Spain; CCB,
Coco Corta Barrabasa collection;, IRSNB, Institut Royal des
Sciences Naturelles de Belgique, Brussels, Belgium.

Anatomical abbreviations: A-B, quadrate crests; alp,
anterolateral process; an, angular; aop, anterior oblique
process; ar, articular; cap, capitulum; cqp, cranioquadrate
passage; de, dentary; diap, diapophysis; drg, distal radial
groove; exo, exoccipital; fo, foramen; fr, frontal; gl fo,
glenoid fossa; gl sf, glenoid surface; itf, infratemporal
fenestra; j, jugal; j cr, jugal crest; la, lachimal; ns, neural
spine; olf, olfactory bulbs cavity; olp, olecranon process;
or, orbit; or n, orbital anterior notch; o re, external otic re-
cess; pa, parietal; pab, palpebral scar; pfr, prefrontal; pfr pi,
prefrontal pillar insertion; po, postorbital; pob, postorbital
bar insertion; pre, preotic foramen; prz, prezygapophysis;
g, quadrate; q bs, quadrate boss; qj, quadratojugal; qj sp,
quadratojugal spine; par, parapophyses; pmp, posterome-
dial process; pop, posterior oblique process; poz, postzyg-
apophysis; rdf, radius facet; rds, radiale articular surface;
re pro, retroarticular process; s, sulcus; stf, supratemporal
fenestra; sq, squamosal; su, surangular; su cr, surangular
crest; t, tooth; tub, tuberculum, uf, ulnar facet; uhs, ulnar-

humeral articular surface; unf, ulnare facet; urs, ulnar-radi-
ohumeral articular surface.

3. Geology and Locality
3.1. Geographical and geological setting

The studied vertebrate remains were found in a former
open pit coal mine called Mina Corta Barrabasa, which is
located near the Andorra village in the comarca of Andorra-
Sierra de Arcos (Teruel province, eastern Spain). This area is
located in the Oliete Sub-basin within the Maestrazgo Basin,
and the layer containing the bones is located at the base of
the first exploitable coal seam corresponding to the Escucha
Formation (Fig. 2).

3.2. Stratigraphical and sedimentological setting

The deposits of the Escucha Formation extend across a
wide area in NE Spain. They consist of alternate sandstones
and clays with layers containing coal seams and sporadic
marine limestones that are found intercalated (Fig. 2). This
formation is limited at the base by the Aptian limestones (Ur-
gon Facies) corresponding to the Oliete and Villarroya de los
Pinares formations and at the top by the sandy Albian de-
posits of the Utrillas Formation (Aguilar ef al., 1971). The
Escucha Formation has been divided into three members
(Cervera et al., 1976), corresponding to the development of
a tidally influenced delta-estuary system with different envi-
ronments and related depositional sub-environments (Querol
et al., 1992) (Fig. 2). The base of the Escucha Formation
(Lower Member) in the Oliete Sub-basin has been dated with
planktonic foraminifera as late Aptian in age by De Gea et al.
(2008), and the Middle and Upper Members in this area have
been dated as early to mid-Albian in age on the basis of the
study of palynomorphs (Villanueva Amadoz, 2009).

The deposits containing the bones are composed of light
brown to grey sandy clays that are cemented at their base, con-
taining abundantly both ferruginous crusts and nodules. Crusts
of secondary gypsum are also very common. A great quantity
of non-articulated shells corresponding to indeterminate bi-
valves occur in the layers at the base of this bonebed, and a
great accumulation of nearly complete linear leaves of conifers
occurs in the grey laminated clays located at the top. Abundant
remains of both carbonaceous and charcoalified wood frag-
ments are also present in this stratigraphic level (Fig. 2).

According to Martin et al. (1986), the stratigraphic location
of the studied vertebrate-rich level of Andorra would corre-
spond to the deposits of the lower part of the Middle Mem-
ber of the Escucha Formation, which include the transition
between brackish swamp plain and freshwater swamp plain
depositional sub-environments (Querol et al., 1992). Related
deposits in the nearby area of Arifio have been dated as early
Albian in age on the basis of the study of the charophytes and
ostracodes preserved in them (Tibert et al., 2013).
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Fig. 2.- Synthetic stratigraphic section of Escucha Formation in eastern
of Spain (left) (modified from Querol et al., 1992 and Villanueva-
Amadoz, 2009) and detailed section of the outcrop containing studied
remains (right). Position of the stratigraphic level containing bones is
indicated with the black arrow.
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4. Systematic Palaeontology

Crocodylomorpha Walker, 1970

Mesoeucrocodylia Whetstone and Whybrow, 1983

Neosuchia Benton and Clark, 1988

Goniopholididae Cope, 1875

Anteophthalmosuchus Salisbury and Naish, 2011

Type species: Anteophthalmosuchus hooleyi Salisbury and
Naish, 2011

Anteophthalmosuchus escuchae Buscalioni, Alcala, Espi-
lez and Mampel, 2013

Holotype: AR-1/37, a partial skeleton and skull (AR-1-1097)

Anteophthalmosuchus cf. escuchae (Figs. 3,4, 5, 6)

Description

Skull

The preserved cranial bones are scarce and disarticulated.
Nevertheless, the preserved bones allow us to identify im-
portant characters of the periorbital region, skull table and
occipital region.

The lateral and anterior margin of the left orbit (Fig. 3A)
and the posteromedial margin of the right orbit (Fig. 3B) have
been preserved. The orbits face dorsally and are subcircular
in shape. Their margins are composed of the jugal laterally,
lacrimal anteriorly, prefrontal medially, frontal posteromedi-
ally, and postorbital posteriorly. As in most goniopholidids, in
the anterior margin of the orbit a longitudinal fossa is formed
on the lacrimal-jugal contact. As in Anteophthalmosuchus, a
small (but thick) rectangular suture for the palpebral bone is
observed in its medial margin.

The medial and anteromedial margins of the right supratem-
poral fenestra have been preserved (Fig. 3B). A shallow fossa
is present in its anteromedial margin. From the preserved
margins we can infer that the supratemporal fossa is larger
than the orbit and the supratemporal fenestra has a similar
size. In contrast to AR-1-1097, the lateral margin of the pa-
rietal in the intertemporal bar is straight rather than convex.
These fossae would be more square than circular.

Only the posterior and posterolateral margin of the right
prefrontal have been preserved (Fig. 3B). There is no pre-
frontal-lacrimal crest medial to the orbit; even its dorsal sur-
face is slightly depressed in this region. The lateral margin
corresponds to the suture with the unpreserved palpebral,
taking up part of the anteromedial and medial borders of the
orbit. Only the lateromedial lamina of the descending process
of the prefrontal pillar has been preserved. This lateromedial
lamina is well developed and forms a big concavity for the
olfactory bulbs.

The right frontal is almost complete (Fig. 3B) and only
lacks the anteriormost region, so sutures with the nasals can-
not be determined. Its dorsal surface is flat and well orna-
mented with circular pits. There is no transverse frontal crest
or hump between the orbits. The anterior process tapers an-
teriorly between the prefrontals. The medial margin corre-
sponds to the suture with the unpreserved left frontal, so they
could be unfused along the midline of the skull table. The
lateral margin corresponds to the suture with the unpreserved
palpebral and postorbital; the frontal can thus be seen to take
up part of the medial and posteromedial margin of the orbit.

Part of the right parietal has been preserved (Fig. 3B). This
region corresponds to the right half of the intertemporal bar.
The left parietal is not preserved coinciding with the midline
suture, suggesting that the parietals would not be completely
fused. Its dorsal surface is flat and covered with circular pits.
The frontoparietal suture is located in the middle of the in-
tertemporal bar, and it is straight, crenulated and enters the
supratemporal fenestra on its anteromedial margin.
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Breakage

Fig. 3.- Cranial bones of CCB-1: A, left quadratojugal, jugal and lachrymal in dorsal view; B, right frontal and parietal in dorsal view; C, right
postorbital in dorsal view; D, left squamosal in dorsal view; E, left quadrate in dorsal view; F, left quadrate in ventral view; G, left mandible
in lateral view; H, isolated tooth in anterior and posterior views; I, isolated tooth in labial and lingual views; J, reconstruction of the skull
CCB-1 in dorsal view, the preserved bones are marked in gray. Unnumbered scale bar = 5 cm.

The presence of fused parietals or frontals is quite difficult
to ascertain in CCB-1; this is because only the right half of
these bones has been preserved, the bones being broken at the
midline or in the suture zone. This could either be because
they were not actually fused, or because although the bones
were fused, they preserved the old suture zone as a weakness
plane tending to break.

A fragment of the right postorbital has also been preserved
(Fig. 3C). It corresponds to the lateral bar of the supratempo-
ral fenestra. Its anterior region is broken, and the postorbital
bar is not preserved. Nevertheless, it allows us to interpret
the morphology of the lateral margin of the supratemporal
fenestra and skull table. As in AR-1-1097, the lateral margin
of the skull table is straight rather than curved and the lateral
bars of the skull table seem to be slightly divergent posteri-
orly.

The left jugal has been preserved (Fig. 3A) and is almost
complete, lacking only the anterior tip. The postorbital bar
is not preserved. The jugal is long and lateromedially com-
pressed with a subcircular to subpolygonal cross-section.
Most of the dorsal and lateral surface of the jugal is orna-
mented with circular pits with the exception of the smooth

dorsal area next to the postorbital bar insertion. In the dorsal
surface of the jugal there is a foramen located posteriorly to
the postorbital bar. The anterior process of the jugal is short
and extends in front of the anterior orbital groove. The jugal
forms a strongly elevated crest on the lateral margin of the
orbit. In lateral view the ventral surface of the jugal has a
longitudinal sulcus between its anterior and posterior ramus.
Below this sulcus the jugal is ventrally arched.

Most of the left quadratojugal has been preserved (Fig.
3A). The lateral surface of the quadratojugal is strongly or-
namented with circular pits, with the exception of the quad-
ratojugal-quadrate contact, which is smooth. The quadrato-
jugal forms the entire posterior margin of the infratemporal
fenestra. The anterodorsal extension of the quadratojugal is
partially broken, but it seems to reach the dorsal angle of the
infratemporal fenestra. There seems to be no quadratojugal
spine in the posterior region of the infratemporal fenestra, but
this could be due to preservation factors.

The left quadrate is fully preserved (Fig. 3E-F). Its entire
surface is smooth, without ornamentation. The ventral mar-
gin of the otic region has been preserved and is formed by
the quadrate. Posterolaterally to the otic aperture there is a
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preotic foramen. As in AR-1-1097, the dorsal surface of the
quadrate has two sulci separated by a convex surface. One
sulcus begins at the preotic foramen and runs posterolater-
ally. The second corresponds to the cranioquadrate passage
and begins at the otic aperture and runs posteromedially, with
the exoccipital forming its dorsomedial margin. The foramen
aérum is not observed in the dorsal surface, but this could be
due to preservation factors. The main body of the quadrate
has a low inclination, being almost aligned with the hori-
zontal plane. The two quadrate hemicondyles are subequal
in size and small, the medial hemicondyle is medioventrally
twisted. Ventrally (Fig. 3F), the quadrate has two crests that
correspond to muscle scar A and B of lordansky (1973). Crest
B is much stronger than crest A, and they converge posteri-
orly to form a well-marked bump. Medially to crest B, the
surface of the quadrate is strongly concave. Dorsomedially to
the quadrate, the paroccipital process of the exoccipital has
been partially preserved.

Mandible

The left mandible and part of the right mandible have
been preserved. The left mandible is almost complete but is
broken into three pieces (Fig. 3G), its total length being ap-
proximately 70 cm. The entire lateral surface of the angular
and surangular is strongly ornamented by circular pits. On
the lateral surface of the dentary, longitudinal grooves are
also present, being very similar to AR-1-1097. The mandible
presents an evident festooning in lateral view with two dorsal
projections on the anterior and middle dorsal margin of the
dentary. Only three teeth from the middle-posterior region of
the dentary have been preserved. Most of the alveolar margin
is partially broken, ruling out a correct interpretation of the
teeth size and configuration. There is no mandibular fenestra.

As in AR-1-1097, the angular has a gently curved ventral
profile below the glenoid fossa. The angle between the poste-
rior and ventral margins is about 120°. The angular has a hori-
zontal suture with the surangular in the anterior and middle
section. Towards the back of the posterior section, the angular
rises up to reach the ventral posterior tip of the retroarticular
process.

The posterior part of the surangular extends to reach the
lateral posterior tip of the retroarticular process. On its dorso-
lateral margin, the surangular has a well-marked longitudinal
crest that runs from the glenoid fossa as far as its anterior
region; this is also present in AR-1-1097, but less marked.
In the middle region of the surangular, this crest is strongly
marked and dorsolaterally elevated, forming a longitudinal
fossa between the crest and the dorsal margin of the surangu-
lar. The fossa has a smooth surface and faces dorsolaterally.
The lateral surangular-dentary contact is formed by a forked
anterior process with its dorsal ramus slightly longer than the
ventral ramus.

The glenoid fossa faces anterodorsally, is wider than long
and has a well-developed posterior margin. Posterior to the

glenoid fossa, there is a long and almost horizontal retroar-
ticular process very similar to that in AR-1-1097. The attach-
ment surface for the adductor muscles is partially broken, but
its general morphology can be observed. The sutural relation-
ships with the articular are obscured. The dentary symphysis
is short. The splenial is robust and reaches half way along the
symphysis.

Dentition

Only four teeth have been preserved. One was recovered
isolated (Fig. 3H-I), and the other three are from the middle-
posterior region of the left dentary. All the teeth have a simi-
lar morphology and are almost equal to that in AR-1-1097;
they are conical, relatively short and robust, with the labial
surface more convex than the lingual surface. The posteri-
ormost preserved tooth of the dentary is slightly shorter and
more slender. Two carinae are well developed in the anterior
and posterior surfaces of the teeth; these carinae are baso-
apically straight with the exception of a slight undulation in
the apical-most region. The teeth have strong ornamentation
composed of numerous, well-defined baso-apical, longitudi-
nal ridges. These ridges present a strong anastomosis in the
middle-apical region, crossing the carinae developing false-
ziphodont crenulations.

Axial skeleton

There are no preserved vertebrae in articulation, making it
difficult to assign them correctly within the vertebral series,
but we have nonetheless tried to make an approximate as-
signment based on the morphology for each of the vertebrae
preserved. At least three cervical vertebrae (probably the 5%,
7t and 8" based on the shape and position of the diapophy-
ses and parapophyses) and six dorsal vertebrae (the first five
from the thoracic region and one from the lumbar region)
have been preserved partially complete (Fig. 4). Further-
more, there are many undetermined vertebral fragments. All
the preserved vertebrae are clearly amphicoelous, with the
centrum circular, ventrally concave and as high as broad.

All the cervical vertebrae have the neural spine broken off.
The cervical vertebrae develop hypapophyses with a slight
sagittal crest in the ventral region of the centrum; this crest is
more pronounced anteriorly. The anteriormost preserved cer-
vical vertebra (Fig. 4F-G) has well-developed elliptical para-
pophyses on the lateroventral margins of the centrum, close to
the anterior articulation facet. These parapophyses are more
dorsally placed and in the middle of the lateral margin of the
centrum in the posterior cervical vertebrae. The diapophyses
of the cervical vertebrae have an elliptical section. These dia-
pophyses show a gradual evolution from the more anterior
cervical vertebrae to the more posterior cervical vertebrae,
from being shorter, ventrally projected and in a more anterior
position, to longer, more laterally projected and in a posterior
position. The last cervical vertebra has the diapophyses later-
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Fig. 4.- Axial bones of CCB-1: A-B, fourth right cervical rib in lateral and medial views respectively; C-D, fifth left cervical rib in lateral and
medial views respectively; E, right dorsal rib in ventromedial view; F-G, fifth cervical vertebra in lateral and posterior views respectively; H-1,
seventh cervical vertebra in lateral and posterior views respectively; J-K, first dorsal vertebra in anterior and dorsal views respectively; L-M,
dorsal vertebra in posterior and dorsal views respectively; N-O, lumbar vertebra in dorsal and posterior views respectively. Scale bar =5 cm.

ally projected, expanded mediolaterally and twisted from the
horizontal plane with their elliptical section posteroventrally
oriented. The prezygapophyses and postzygapophyses are
dorsally oriented with a significant vertical component.

The first thoracic dorsal vertebra (Fig. 4J-K) is very simi-
lar to the last cervical vertebra. It can be distinguished by its
slightly longer diapophyses, which are dorsally placed with
respect to the neural canal, or the parapophyses, which are less
marked, dorsally placed and closer to the neurocentral suture
(Mook, 1921; Wu et al., 1996; Nascimento and Zaher, 2010).
In the first dorsal vertebra there is still a crest in the ventral
region of the centrum, whereas in the other preserved dorsal
vertebrae this crest does not exist. The postzygapophyses of
this vertebra are symmetrically broken and have a fault in
their posterolateral tip. This strange symmetric morphology
in the two postzygapophyses is probably a taphonomic quirk.

The other thoracic vertebrae (Fig. 4L-O) are characterized
by longer, horizontal and flat diapophyses. In these vertebrae
the parapophyses are not located in the vertebral centrum
and they are located dorsally between the prezygapophy-
ses and the diapophyses, moving laterally toward the lateral
tip of the diapophyses in the posterior thoracic region. In
the thoracic vertebrae, the prezygapophyses and postzyga-
pophyses are oriented almost in the horizontal plane, being
quite planar.

A dorsal vertebra from the lumbar region has also been
preserved (Fig. 4N-O). This vertebra is also characterized by
the presence of long and flat diapophyses almost in the hori-
zontal plane, but it is slightly ventrally inclined. The lumbar
vertebra is also distinguished by the absence of parapophyses
because there are no ribs in this region of the body. Further-
more, the prezygapophyses and postzygapophyses are more
dorsally oriented than in the thoracic vertebrae.

Two cervical ribs and several fragmentary dorsal ribs have
been preserved (Fig. 4A-E). The two cervical ribs have the
parapophyseal articulation (capitular process or capitulum)
and the diapophyseal articulation (tubercular process or tu-
berculum), and a horizontal shaft that extends both anterior to
and posterior to the articular processes.

The anteriormost preserved cervical rib probably corre-
sponds to the fourth right cervical rib (Fig. 4A-B). Its ca-
pitulum is slightly larger and more anteriorly placed than the
tuberculum. Furthermore, the anterior process of the shaft is
shorter than the posterior process. The posterior process is
not fully preserved but it has a dorsomedial facet for the re-
ception of the anterior extension of the fifth rib.

The other cervical rib probably corresponds to the fifth left
cervical rib (Fig. 4C-D). In this case, the capitulum is only
slightly more anteriorly placed with respect to the tubercu-
lum, and they are almost parallel. The capitulum is clearly
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larger than the tuberculum. The posterior and anterior proc-
esses of the horizontal shaft are subequal in size.

The dorsal ribs are long and greatly curved. Only two dor-
sal ribs preserve the articulation facets. These correspond to
the fourth, fifth or sixth dorsal ribs. In these ribs the articu-
lation facet only has a capitular process; the tubercular fac-
ets are at the end of the shaft without distinct processes. The
best-preserved dorsal rib has a prominent anterior crest for
muscle attachment (Fig. 4E).

Dermal skeleton

The most abundant remains of CCB-1 are osteoderms.
Paravertebral, ventral, appendicular and nuchal dorsolateral
osteoderms have been identified. The dermal armour is very
similar to that of goniopholidids such as Goniopholis simus
from the Berriasian of England and Germany, Anteophthal-
mosuchus hooleyi from the Valanginian of England, the un-
named Dollo’s goniopholidid from the Barremian-Aptian
of Belgium, Goniopholis baryglyphaeus from the Kim-
meridgian of Portugal, and Sunosuchus junggarensis from
the Late Jurassic of China (Wu et al., 1996; Salisbury and
Frey, 2001; Schwarz, 2002, Salisbury and Naish, 2011).

The paravertebral or dorsal osteoderms (Fig. SA-E) form
two sagittal rows and they are rectangular in shape and twice
as wide as long, being longer in the mediolateral direction.
The medial suture between osteoderms in each transverse
row is difficult to see in most osteoderms due to conservation
factors. These osteoderms are narrower in the anterior region
of the trunk (Fig. 5SA) and wider in the middle region of the
trunk (Fig. SB-E). The dorsal surface is fully covered by cir-
cular pits, with the exception of the anterior margin, which
is smooth to allow for the overlapping articulation with the
anterior osteoderm. The lateral margins are curved and ven-
trally projected, and the angle at which they are inclined ven-
trally with respect to adjacent osteoderms varies throughout
the dermal armour. In the anteriormost osteoderms this incli-
nation is almost 0°, but it increases progressively to about 90°
in the lumbar region. This feature, combined with the vari-
able width of the osteoderms, allows the dorsal osteoderms to
be placed in their approximate anatomical position within the
dermal armour. In contrast to other goniopholidids, there is
no anteroposterior crest on the laterodorsal surface of the os-
teoderms. All the dorsal osteoderms possess an anterolateral
spine-like articular process, which is set in a shallow groove
in the ventrolateral surface of the anterior osteoderm. This
spine is conical and dorsoventrally compressed.

The dorsolateral osteoderms of the neck region (Fig. 5L)
are clearly different from the other dorsal osteoderms. These
osteoderms are smaller, ellipsoidal in shape, ornamented with
circular pits and with an anteroposterior ridge on the dorsal
surface. There are other osteoderms similar in shape; these
are from the limbs (Fig. 5SM), but lack the ridge on the dorsal
surface (Wu et al., 1996).

The ventral or gastral osteoderms form a dermal armour
as a mosaic of polygonal osteoderms attached to each other
and with circular pits in a flat or very gently convex ventral
surface. Most of these osteoderms are hexagons (Fig. SF-G)
with fairly regular edges, although some of them are also
square (Fig. 5H), rectangular or rounded in shape. Most of
the polygonal osteoderms present articular facets on all sides,
being representatives of the more medial ventral osteoderms
(Fig. 5F-H), which are completely surrounded by other os-
teoderms. Other ventral osteoderms lack the articulation facet
on one side, being part of one of the lateral margins of the
ventral dermal armour (Fig. 51). In a few ventral osteoderms,
smooth overlapping facets are observed along one margin of
their outer surfaces (Fig. 5J-K); these osteoderms are from
the region between the neck and trunk in other goniopholid-
ids such as Sunosuchus (Wu et al., 1996).

Appendicular skeleton

Appendicular bones have only been preserved from the an-
terior region of the body. These bones correspond to part of
the pectoral girdle, forelimbs, carpus, metacarpus and manual
phalanges (Fig. 6).

The pectoral girdle is represented by the left coracoid (Fig.
6A-B) and part of the right coracoid blade; the scapulae have
not been preserved. The coracoid possesses an enlarged dor-
solateral articular region that tapers to a cylindrical middle re-
gion, to finish with a dorsoventrally flattened and anteropos-
teriorly expanded ventromedial blade. Its lateral or external
surface is very convex, while the medial or internal surface
is concave. The coracoid foramen is clearly visible in lateral
and medial views, and is placed anterior to the glenoid fossa,
in the dorsolateral region almost reaching the scapulocora-
coid articulation, approximately in the middle of the dorsal
expansion of the coracoid. The glenoid surface and the pos-
terior margin of the coracoid blade are partially broken. The
anterior margin of the coracoid blade is complete and seems
to be more flared than the posterior margin. The coracoid is
shorter than the ulna and subequal in length to the radius.

The preserved bones of the forelimbs are both radii and
ulnae (Fig. 6C-F); the humeri have not been preserved. The
left ulna (Fig. 6C-D) is the better preserved, but there is a
medial taphonomic collapse in the shaft close to the proximal
articulation (Fig. 6C), and the distal articulation is slightly
worn. The distal end is better preserved in the right ulna. The
ulna is clearly longer than the radius, with a total length of
about 22 cm. The lateral shape of the ulna is slightly sigmoid
and twisted, with the proximal end pointing anteriorly and the
distal end pointing posteromedially. Along the shaft there is a
transition from an elliptic cross-section in the proximal region
to a subcircular cross-section in the distal region. The shaft
expands anteroposteriorly and mediolaterally at its proximal
end, which is almost twice the size of the midshaft. The prox-
imal articular surface has a triangular profile and comprises a
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Fig. 5.- Osteoderms of CCB-1: A-E, dorsal osteoderms; F-K, ventral osteoderms; L, nuchal osteoderm; M, appendicular osteoderm. Scale bar =5 cm.

convex and rounded area that separates two slightly concave
articulations, the ulnar-humeral articular surface (located me-
dially) and the ulnar-radiohumeral articular surface (located
laterally). The olecranon process is partially eroded or is not
very prominent. The distal articulation is clearly narrower
than the proximal articulation, with approximately the same
width as the midshaft. The distal articulation is composed of
three processes: the anterolateral process, the anterior oblique
process and the posterior oblique process. All these processes
are visible in both ulnae but are slightly obscured by erosion.

The left radius is better preserved (Fig. 6E-F), but the distal
articulation is more complete in the right radius. The radius
is shorter than the ulna, with a total length of 18.5 cm. The
radius is composed of a cylindrical and straight shaft with
its distal and proximal ends slightly expanded. There are no
clear tubercles or ridges on the shaft surface, but this could
be due to preservation factors. The proximal articulation has
a subcircular outline and is concave for the articulation with
the humerus. The ulnar facet of the proximal articulation is
almost straight and it separates a well-developed anterola-
teral process and a less-marked posteromedial process. At the
distal end of the radius there is a deep groove where the ulna

fits. Medial to this groove there is a ventromedially expanded
process, which forms the radiale articular surface.

Only the radiale and ulnare of the left carpus have been pre-
served (Fig. 6G-J). Both bones are relatively short and very
robust, with a length only slightly greater than their maxi-
mum width. The radiale (Fig. 61-J) is 1.5 times longer than
the ulnare (Fig. 6G-H), and is expanded at its ends, being
widest in its proximal region. Its proximal articular surface
has a medial and anteroposteriorly directed concavity for the
insertion of the radius. Medial to this concavity there is a lat-
eral process that is dorsally expanded. In the lateral margin of
the proximal region there are two facets for the contact with
the ulna and the ulnare. In posterior view there is a depression
close to the proximal region that reaches the midshaft. The
distal articular region of the radiale is partially broken. The
midshaft is subcircular in cross-section.

The ulnare (Fig. 6G-H) is less well preserved. The shaft of
the ulnare is relatively shorter than that of the radiale (about
73% of its length), and lacks any dorsally expanded process.
The midshaft is subcircular in cross-section. The proximal ar-
ticulation surface is subtriangular in cross-section, but the tip
of the proximal facet for the radiale is partially broken. The
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Fig. 6.- Appendicular bones of CCB-1: A-B, left coracoid in medial and lateral views respectively; C-D, left ulna in medial and lateral views
respectively; E-F, left radius in posterior and anterior views respectively; G-H, left ulnare in posterior and anterior views respectively; I-J,
left radiale in posterior and anterior views respectively; K-L, proximal region of left metacarpal I in posterior and anterior views respectively;
M-N, left metacarpal III in posterior and anterior views respectively; O-P, left metacarpal II in posterior and anterior views respectively; Q-R,
proximal region of left metacarpal IV in posterior and anterior views respectively; S-T, phalanx in posterior and anterior views respectively.
Scale bar = 5 cm.

distal articulation surface is elliptical in cross-section, and the
distal facet for the radiale is also broken.

At least five elements from the manus have been identi-
fied (Fig. 6K-T); other fragmentary remains could also be
from the manus, but we have not been able to identify them.
When the metacarpals and phalanges are disarticulated and
fragmentary, it is generally difficult to assign them correctly.

One phalanx, two almost complete metacarpals and the
proximal articulation of two others have been preserved. The
metacarpals (Fig. 6K-R) are subequal in length to the radiale.
In view of the shape and orientation of the proximal articular
facets of the preserved metacarpals, we have tentatively clas-
sified them as metacarpals I, II, III and IV of the left manus.
The proximal region of metacarpal I is the widest of the
preserved metacarpals, and its proximal articular surface is
strongly convex. The proximal articulation region of meta-
carpals I, IT and III is flattened and mediolaterally expanded,
with more symmetrical expansion in I and I1, and more lateral
expansion in III. The proximal end of IV is less mediolater-
ally expanded and more globular.

The phalanx (Fig. 6S-T) is short, robust and half the total
length of the longest metacarpals. The phalanx shows the typ-
ical morphology within Crocodylomorpha and among most
reptiles, with a distal region formed by two rounded condyles
with a circular depression lateral and medial to the articular
surface. Its proximal region is more expanded dorsally, and it
is concave and subtriangular in cross-section.

5. Phylogenetic analysis
5.1. Methods

To assess its phylogenetical relations within Goniopho-
lididae, CCB-1 from Mina Corta Barrabasa (Andorra) was
included in the dataset of Andrade ef al. (2011). As well as
CCB-1, the goniopholidids A. escuchae (AR-1-1097) and H.
plotos (AR-1-2045) from Mina Santa Maria (Arifo) were
for the first time included in a cladistic analysis to test their
phylogenetic relationships with CCB-1 and Goniopholididae
(Appendix 1). We performed two different analyses, one tak-
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ing into account CCB-1 and AR-1-1097 as different taxa (Fig.
7A), and another combining the data from CCB-1 and AR-1-
1097 within the same taxon, creating a composite terminal,
Anteophthalmosuchus escuchae (AR-1-1097 + CCB-1) (Fig.
7B). We have not included the indeterminate goniopholidid
AR-1-3422 from Mina Santa Maria (Buscalioni ef al., 2013)
because we have not been able to encode it firsthand.

All the aforementioned changes resulted in a dataset of 107
OTUs (operational taxonomic units) for the first analysis and
106 OTUs for the second, which have been coded for a to-
tal of 487 craniodental and postcranial characters. The taxon
Gracilisuchus has been used as the outgroup taxon.

In TNT vI1.1 (Willi Hennig Society Edition; Goloboff et
al., 2008), tree-space was searched using a heuristic search
algorithm (traditional search method) with tree-bisection-
reconnection branch swapping and 1000 random addition
replicates holding 10 most parsimonious trees for each rep-
licate. All characters were equally weighted and multistate
characters were unordered, but 24 of them were treated as
ordered (see Supporting Information File S1 of Andrade et
al., 2011). Bremer supports and bootstrap frequencies (1000
bootstrap replicates searched) were used to assess the robust-
ness of the nodes.

5.2. Results

The first analysis resulted in sets of four equally parsimoni-
ous cladograms of 2212 steps (ensemble consistency index,
CI = 0.292; ensemble retention index, RI = 0.765; rescaled
consistency index, RC = 0.223). The second analysis resulted
in sets of four equally parsimonious cladograms of 2208 steps
(CL, RI, RC have the same values as in the first analysis).

These results, the bootstrap frequencies and the Bremer
supports (decay index) have been summarized in the strict
consensus tree (Fig. 7). The strict consensus topologies from
each search procedure are almost identical to the strict con-
sensus tree reported by Andrade ef al. (2011). In both analy-
ses, the only differences with respect to Andrade ez al. (2011)
are within Goniopholididae. There is a polytomy between S.
junggarensis, Eutretauranosuchus and the clade comprising
S. thailandicus + S. miaoi, while in the analysis by Andrade
et al. (2011) the clade formed by Eutretauranosuchus + S.
junggarensis is the sister clade of the clade formed by S.
thailandicus + S. miaoi. Other differences are related to the
position of the new taxa included in the analysis. H. willetti
forms a polytomy with H. plotos, and A. escuchae + CCB-1
are the sister taxa of the clade formed by 4. hooleyi + Dollo’s
goniopholidid.

In the two different analyses, which take CCB-1 and AR-
1-1097 either as different taxa (Fig. 7A) or as a composite
taxon (Fig. 7B), the unambiguous synapomorphies of each
node are exactly the same, with the exception of the node that
affects these taxa directly (Node 6). The only results that vary
slightly in each analysis are the Bremer and bootstrap values
of some nodes.

Goniopholididae (Node 1) is a reasonably well-supported
node (Bremer = 3; but bootstrap < 50%) diagnosed by the
presence of the following unambiguous synapomorphies:
ventralmost neurovascular foramina high in posterior region
of maxilla and very distant to the alveoli; presence of lateral
fossae next to the alveolar margin; presence of a maxillary
depression next to the maxilla-jugal contact; frontoparietal
suture medially placed to the dorsal end of postorbital bars
or slightly anterior; anterior process of palatines short, with
length subequal to width.

The clade composed of Goniopholis + Anteophthalmosu-
chus + Hulkepholis (Node 2) lacks strong support (Bremer =
1; bootstrap < 50%) and is defined by only three unambiguous
synapomorphies: anterior border of maxillary depressions
well-defined; supratemporal fossae square to subrectangular;
presence of two to five small neurovascular foramina, usually
ventrally oriented, in the anterior ramus of jugal.

Goniopholis (Node 3) is only slightly supported (Bremer
= 1; bootstrap ~ 70%) and is diagnosed by the presence of
only two unambiguous synapomorphies: anteriormost border
of anterior process of frontal truncated; frontal participation
in primary medial border of orbit very restricted or even ex-
cluded.

The clade composed of Anteophthalmosuchus + Hulkepho-
lis (Node 4) is one of the best-supported nodes within Go-
niopholididae (Bremer = 6; bootstrap ~ 60%) and is defined
by the following unambiguous synapomorphies: presence
of a long and robust anterolateral process on the postorbital;
absent prefrontal-lacrimal crest dorsal to orbit; absent trans-
verse frontal crest anteromedial to orbits, also shared with
Amphicotylus lucasii; lateral processes of frontal arched lat-
erodorsally with palpebral and postorbital curved dorsally,
also shared with Kansajsuchus extensus; medial surface of
frontal continuous from anterior margin to posterior end; ju-
gal cross-section subcircular to subpolygonal; ventral margin
of anterior jugal ramus level with the ventral margin of pos-
terior ramus; anterior process of palatines longer than wide.

The clade formed by Anteophthalmosuchus (Node 5) is
well supported (Bremer = 2; bootstrap = 60 %) and is defined
by the following unambiguous synapomorphies: orbits with a
strong dorsal component; anterior ramus of jugal below orbit
forming a narrow band of bone; palpebrals small and robust;
rectangular palpebrals.

The clade formed by A4. escuchae (AR-1-1097) and CCB-
1 (Node 6) is also one of the best-supported nodes within
Goniopholididae (Bremer = 3; bootstrap = 85 %) and is de-
fined by the following unambiguous synapomorphies: pits
well represented on the skull with grooves usually present on
maxillo-jugal suture and dentary; frontals paired (uncertain
character, see Description section); temporal bars oblique and
anteriorly convergent with trapezoidal outline; presence of a
robust surangular crest on the lateral surface of the mandible.

The clade composed of A. hooleyi and Dollo’s goniopho-
lidid (Node 7) is very well supported (Bremer = 2; bootstrap =
90 %) and is defined by the following unambiguous synapo-
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Fig. 7.- Phylogenetic relationships of CCB-1 (see text and Appendix 1 for details and statistics). A, strict consensus tree taking into account CCB-
1 and AR-1-1097 as different taxa; B, strict consensus tree of the node Goniopholididae with the composite terminal Anteophthalmosuchus
escuchae (AR-1-1097 + CCB-1). Numbers of each node indicate the bootstrap frequencies over 50 % and in parentheses is the Bremer support
(decay index) as number of extra steps required before the clade is lost. The circled numbers are node 1 (Goniopholididae), node 2 (Goniopholis
+ Anteophthalmosuchus + Hulkepholis), node 3 (Goniopholis), node 4 (Anteophthalmosuchus + Hulkepholis), node 5 (Anteophthalmosuchus)

and node 6 (AR-1-1097 + CCB-1).

morphies: supratemporal fossae square to subrectangular;
very long prefrontals; lateral margins of skull table slightly
convex laterally.

If we take 4. escuchae (AR-1-1097) and CCB-1 to be dif-
ferent taxa in the analysis (Fig. 7A), AR-1-1097 is character-
ized by the following unambiguous synapomorphies: retroar-
ticular process posterodorsally oriented; tip of retroarticular
process in a more dorsal plane than the glenoid fossa. By
contrast, CCB-1 is characterized by the following unambigu-
ous synapomorphy: medial borders of supratemporal fossae
straight and parallel.

Taking the composite taxon (Fig. 7B), Anteophthalmosu-
chus escuchae (AR-1-1097 + CCB-1) is characterized by the
following unambiguous synapomorphies: pits well represent-
ed on the skull with grooves usually present on maxillo-jugal

suture and dentary; absence of maxillary depression; long
lachrymal; frontals paired, not fused (uncertain character, see
Description section); unfused parietals (same problematic
as with frontal); skull table trapezoidal with lateral margins
anteriorly convergent; wide and fan-shaped palatine process;
anterior face of palatine process invaginated by a maxillary
wedge; maxillo-palatine suture with heart-shaped profile;
robust crest on the lateral surface of surangular; ellipsoid or
spoon-shaped retroarticular process.

We performed an alternative analysis including the codes
of the additional taxa “Goniopholis” phuwiangensis and De-
nazinosuchus proposed by Andrade et al. (2011). Whether
CCB-1 and AR-1-1097 were taken as different taxa or as a
composite taxon, this analysis resulted in an increase to 24
equally parsimonious cladograms and two more evolutionary
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steps with scores identical to the core analysis. The presence
of the fragmentary taxon “G.” phuwiangensis creates a poly-
tomy between Sunosuchus, Eutretauranosuchus and “G.”
phuwiangensis. The addition of Denazinosuchus produces
the collapse of the basal node of Pholidosauridae. Further-
more, Denazinosuchus is positioned as a derived goniopho-
lidid, as sister taxon of Amphicotylus and both together as the
sister clade of the genus Goniopholis. In order to improve
the resolution of the consensus tree, we performed a pruned
tree analysis with TNT v1.1 to determine which taxa may be
deleted, the fragmentary “Goniopholis” phuwiangensis prov-
ing to be the most unstable taxon. The putative goniopholidid
Denazinosuchus is a controversial taxon whose phylogenetic
position is still unclear (Wiman, 1932; Lucas et al., 2003,
2006; Andrade ef al., 2011; Allen, 2012a; 2012b; Bremer and
Kear, 2013; Irmis et al., 2013; Pritchard et al., 2013), and it
should be studied in depth before being included in a cladis-
tic analysis. The inclusion of “G.” phuwiangensis and Dena-
zinosuchus therefore does not substantially change the final
indexes, but increases the number of topologies obtained and
evolutionary steps in a less resolved consensus tree. For these
reasons, we have decided not to include these two additional
taxa in the core analysis.

6. Discussion

Goniopholididae is formed by a complex group of basal
taxa from the Jurassic and Early Cretaceous of Asia and
North America, several putative goniopholidis from the Late
Cretaceous of North America and two derived sister clades
from the Early to mid-Cretaceous of Europe with Nannosu-
chus as the basal-most branch (Andrade et al., 2011; Salis-
bury and Naish, 2011; Buscalioni et al., 2013). These two
European clades are composed of the Early Cretaceous Eu-
ropean lineage that contains the genus Goniopholis (Node
3) and the Early to mid-Cretaceous assemblage (Node 4)
formed by Hulkepholis, Anteophthalmosuchus and Dollo’s
goniopholidid, which is probably another new species of 4n-
teophthalmosuchus. Below we highlight the main differences
and similarities within these two clades and their taxa.

6.1. Comparisons

Comparison of the goniopholidid (CCB-1) from Mina Cor-
ta Barrabasa with A. escuchae and H. plotos has been quite
difficult. This is due to the disarticulated and fragmentary
nature of the skeleton, the scarcity of cranial remains, and
the difficulty of comparing the postcranial bones due to their
absence in the holotypes. Nevertheless, we believe that there
are sufficient morphological features that allow comparison
with the European goniopholidid taxa. For this paper, in ad-
dition to the new material described herein, we have stud-
ied firsthand the skulls of A. escuchae (AR-1-1097) and H.
plotos (AR-1-2045), and the postcranial skeleton of the un-
named Dollo’s goniopholidid (IRSNB R47) from Bernissart

(Belgium). We have preferred not to include a comparison
with the indeterminate goniopholidid AR-1-3422 from Arifio
(Buscalioni ef al., 2013) because this is still under study.

Within Node 4, one of the first differences of CCB-1, An-
teophthalmosuchus and Dollo’s goniopholidid with respect
to the genus Hulkepholis is the rostral proportions. On the
basis of the preserved bones of the skull and the mandible, we
have been able to propose a skull reconstruction for CCB-1,
which probably showed a mesorostrine condition. Most go-
niopholidids are mesorostrines, with the exception of a few
longirostrine taxa such as Hulkepholis willetti (Salisbury and
Naish, 2011). The state of H. plotos as a longirostrine taxon
(Buscalioni et al., 2013) is questionable. Taking into account
the length of the rostrum (anterior margin of orbits to tip of
premaxilla = 22 cm) relative to the total skull length (poste-
rior edge of parietal to tip of premaxilla = 36 cm), H. plotos
is mesorostrine rather than longirostrine (see Appendix S1,
character 5 of Andrade et al., 2011).

Despite the lack of cranial material from CCB-1, we have
been able to compare bones with important characters within
Goniopholididae such as the periorbital region, the skull table
and the mandible.

The periorbital region of CCB-1 is very similar to that
present in Node 4. CCB-1 and Node 4 lack the interorbital
crest formed by the lachrymal, prefrontal and frontal (this
crest is always present in Node 3). As in Node 4 and 3, CCB-
1 has a sulcus in front of the orbit formed at the jugal and
lachrymal contact (also shared with some pholidosaurids and
some atoposaurids). In CCB-1, Node 4 and Goniopholis spp.,
the frontal is only excluded from the secondary orbital rim,
formed by the incorporated palpebral. As in Hulkepholis and
Node 3, the prefrontal extends posteriorly reaching the me-
dial borders of the orbit, with the frontal reaching the pri-
mary orbit medially and posteromedially; this character is un-
known in A. escuchae and differs from 4. hooleyi and Dollo’s
goniopholidid, where the prefrontal is longer, also reaching
the posteromedial margin of the orbit. CCB-1 shares the pres-
ence of small, robust and rectangular palpebrals with Node 4,
with the exception of the genus Hulkepholis; in Hulkepholis
the palpebrals are as in Goniopholis, elongated and triangular
in shape. CCB-1 and the rest of the taxa within Node 4 lack a
ventral projection of the anterior ramus of the jugal below the
orbit, differing in this respect from the rest of the goniopholi-
dids, which have a modest projection.

The preserved bones of the skull table in CCB-1 also allow
comparison of some characters within Goniopholididae. Al-
though it is not complete, the supratemporal fenestra of CCB-
1 is subequal in size to the orbit; this character is shared with
all of Node 4, as well as G. simus and G. kiplingi, and dif-
fers from the rest of the goniopholidids, where the fenestra is
smaller than the orbit. In contrast, the supratemporal fossa is
bigger than the orbit in CCB-1 and the rest of Node 4, differ-
ing in this respect from most goniopholidids. CCB-1, Node 4
and Goniopholis share the presence of square supratemporal
fossae, in contrast to A. hooleyi, Dollo’s goniopholidid and
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the rest of the goniopholidids, which are rounded or elliptic
in shape.

The shape, disposition and structures of the skull table bars
also vary within Goniopholididae. CCB-1 shares with Hulke-
pholis and G. simus the presence of straight and parallel lateral
margins in the intertemporal bar; this bar is laterally concave
in other goniopholidids. The lateral temporal bar (formed by
the postorbital and squamosal) of the skull table of CCB-1 is
straight in its lateral margin and slightly divergent posteriorly,
a similar condition to that observed in A. escuchae; this char-
acter differs from the other goniopholidids, which have lateral
margins that are parallel or sinusoidal.

The mandible of CCB-1 is similar to that of most gonio-
pholidids and almost identical to that in A. escuchae. The
mandibles of CCB-1 and 4. escuchae present a similar gener-
al morphology with a strongly pitted lateral surface; the same
dental morphology; the angular gently curved below the gle-
noid fossa; angular-surangular suture reaching the posterior
tip of the retroarticular process; well-developed surangular
crest in its dorsolateral margin; forked surangular-dentary
contact; absence of mandibular fenestra; and similar orienta-
tion of the retroarticular process. All of these features could
support the hypothesis that they are the same taxon. The only
difference is that the retroarticular process of A. escuchae is
slightly posterodorsally oriented and in a more dorsal plane
than the glenoid fossa. Nevertheless, this small difference
could be due to ontogeny (CCB-1 is almost twice the size of
A. escuchae).

Unfortunately, other important skull characters of Gonio-
pholididae, such as the presence of a maxillary depression
(common in most goniopholidids) or the development of a
long and robust anterolateral process on the postorbital (di-
agnostic synapomorphy of Node 4), have not been preserved
in CCB-1.

Regarding the postcranial bones of CCB-1, similarities and
differences within Goniopholididae have also been observed.
The osteoderms of CCB-1 lack the crest on their laterodorsal
margin, a character present in most goniopholidids such as
G. simus, A. hooleyi and Sunosuchus. The coracoid of CCB-
1 is very similar to Dollo’s goniopholidid and differs from
other goniopholidids such as 4. hooleyi or G. simus. CCB-1
presents the anterior margin of the coracoid blade curved and
more flared than the posterior margin, being clearly nonpar-
allel; by contrast, in other goniopholidids the blade is more
straight and subparallel. Comparing the forelimbs of CCB-1
with those of Dollo’s goniopholidid, one of the most com-
plete goniopholidid skeletons in existence, differences in ro-
bustness can also be observed; the carpus, metacarpus and
phalanges of CCB-1 are much shorter and more robust than
in Dollo’s goniopholidid.

7. Conclusions

Specimen CCB-1 from the Albian Escucha Formation of
Teruel (Spain) has been compared with other closely related

European taxa within Goniopholididae. For the first time,
CCB-1, 4. escuchae (AR-1-1097) and H. plotos (AR-1-2045)
have been included in a cladistic analysis, showing many
similarities to other European taxa such as Anteophthalmosu-
chus hooleyi, Hulkepholis willetti and Dollo’s goniopholidid.
The cladistic analysis shows two derived sister clades within
Goniopholididae that consist of European taxa. These two
clades are the clade formed by the Late Jurassic-Early Cre-
taceous (Kimmeridgian-Berriasian) lineage of Goniopholis,
and the Early to mid-Cretaceous (Valanginian-Albian) clade
formed by CCB-1, Anteophthalmosuchus, Hulkepholis and
Dollo’s goniopholidid.

The morphology of CCB-1 is clearly different from other
goniopholidids described in the Early Cretaceous of Europe,
such as Goniopholis. The periorbital region, skull table and
mandible of CCB-1 are very similar to those of 4. escuchae
from Arifo (Teruel), a taxon from the same age, geological
formation and geographical region. According to our com-
parisons and cladistic analysis, CCB-1 and AR-1-1097 prob-
ably belong to the same species, A. escuchae. However, in
view of the presence of some morphological differences be-
tween the two taxa (probably related to ontogeny) and their
fragmentary nature, and pending a firsthand study of the un-
named skull from Arifio (AR-1-3422), we prefer to classify
them as Anteophthalmosuchus cf. escuchae until new and
more complete material is recovered.
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Appendix 1

New character—taxon codes included in the matrix of Andrade ez al. (2011) for the phylogenetic analysis:

Anteophthalmosuchus cf. escuchae (CCB-1):






