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A new goniopholidid crocodylomorph
from the Late Jurassic of Portugal

Victor Lépez-Rojas, Simao Mateus, Jodao Marinheiro,
Octavio Mateus, and Eduardo Puértolas-Pascual

ABSTRACT

Plenty of goniopholidid species from the Mesozoic have been found in the Iberian
Peninsula. A previous goniopholidid taxon, Goniopholis baryglyphaeus Schwarz, 2002,
from the Late Jurassic of the Guimarota coal mine (Leiria, central Portugal) was
described. This taxon corresponds to a partial skull and some postcranial material, and
it marked the oldest and first ever record of goniopholidid and Goniopholis species
described for the Iberian Peninsula. Here we present a well-preserved, almost com-
plete, skull of a new species, Ophiussasuchus paimogonectes gen. et sp. nov. from
Upper Jurassic deposits of Praia de Paimogo (near Lourinhd, central west Portugal).
The specimen corresponds to a mesorostrine, platyrostral skull of a medium-sized
goniopholidid coming from the upper Kimmeridgian within the Lourinhd Formation.
Phylogenetically, the new species is recovered as the sister taxon of the Early Creta-
ceous European clade made by Hulkepholis and Anteophthalmosuchus. Although its
position is well-resolved, this new taxon displays intermediate morphological traits,
sharing characteristics with Jurassic Asian and American basal goniopholidids (e.g.,
presence but lesser development of the secondary choana with the nasopharyngeal
duct partially open), as well as more derived characters shared with Cretaceous Euro-
pean taxa such as Hulkepholis (e.g., the shape of the supratemporal fenestra and the
palatines). As a result, Ophiussasuchus paimogonectes gen. et sp. nov. exhibits char-
acteristics suggesting a reversion to primitive goniopholidid conditions or intermediate
states between the goniopholidid taxa of North America and Europe. These findings
support the shared Late Jurassic fauna between the Morrison and Lourinhd Forma-
tions, while also having high endemism of taxa.
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INTRODUCTION

Portugal is well known for the diversity of dino-
saur remains found in the country (Bonaparte and
Mateus, 1999; Mateus, 2006; Ortega et al., 2006;
Hendrickx and Mateus, 2014; Mocho et al., 20173;
Mocho et al.,, 2017b; Costa and Mateus, 2019;
Malafaia et al., 2019; Mocho et al.,, 2019; Cas-
tanera et al., 2020; Mateus and Estraviz-Lépez,
2022; Rotatori et al., 2022). However, the Portu-
guese crocodyliform remains are also abundant
and diverse, spanning from the Jurassic until the
Miocene (Schwarz and Salisbury, 2005; Puértolas-
Pascual et al., 2016; Antunes, 2017; Mateus et al.,
2019). From the Late Jurassic, there are findings of
crocodylomorph remains consisting of bones,
teeth, footprints and even eggshells (Schwarz and
Fechner, 2004; Mateus and Milan, 2010; Russo et
al., 2014; Young et al., 2014; Schwarz et al., 2017;
Guillaume et al., 2020; Puértolas-Pascual and
Mateus, 2020). Among these crocodylomorphs,
the goniopholidids were an important clade that
lived in Europe by the Late Jurassic until the Early
Cretaceous (Buscalioni et al., 2013; Puértolas-
Pascual et al., 2016; Puértolas-Pascual and
Mateus, 2020).

Goniopholididae is a well-known extinct group
of neosuchian crocodyliform taxa that bear resem-
blance, externally in general shape and lifestyle, to
extant crocodylians (Pritchard et al., 2013; Martin
et al., 2016), ranking from the Early Jurassic Cal-
soyasuchus valliceps, Tykoski, Rowe, Ketcham,
and Colbert, 2002 as the oldest representative,
until the Late Cretaceous with Denazinosuchus
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kirtlandicus Wiman, 1932 as the youngest repre-
sentative of the clade (Sullivan and Lucas, 2003).
This clade was common in the Northern Hemi-
sphere, where fossils are mostly found in North
America (Allen, 2012) and Europe (Ristevski et al.,
2018), with some remains found also in Africa
(Goodwin et al.,, 1999) and Asia (Maisch et al.,
2003; Cuny et al., 2010). Despite their high resem-
blance with extant crocodylians, goniopholidids still
retain some primitive features, such as the partici-
pation of the palatines in the choana, biserial para-
vertebral armor, or the amphicoelous vertebrae. At
the same time, they have also developed some
unique features, such as the maxillary depres-
sions, a characteristic feature of Goniopholididae
(Andrade and Hornung, 2011; Allen, 2012; Arribas
et al.,, 2019), shared with some pholidosaurids
(Martin and Buffetaut, 2012). While the exact func-
tion of the maxillary depression remains mysteri-
ous, it probably had sensorial function (Andrade,
2009).

The first potential goniopholidid described
from the Iberian Peninsula was the now nomen
dubium of Oweniasuchus lusitanicus (Sauvage,
1897-1898) from the Late Cretaceous (Ceno-
manian) of Portugal, based on a partial mandible
and isolated teeth. However, the oldest goniopholi-
did from the Iberian Peninsula is from the Late
Jurassic of the Guimarota coalmine (Portugal),
Goniopholis baryglyphaeus Schwarz, 2002. This
species was described based on a fragmentary
skull and isolated postcranial remains. Another two
goniopholidid genera, Anteophthalmosuchus and



Hulkepholis (Buscalioni et al., 2013; Puértolas-
Pascual et al., 2015; Arribas et al.,, 2019) were
described from Teruel (Spain) as being closer look-
ing species from the same genera found in Wessex
region (United Kingdom) (Salisbury and Naish,
2011; Ristevski et al., 2018) and Bernissart (Bel-
gium) (Martin et al., 2016). These Early Creta-
ceous Iberian species are: Anteophthalmosuchus
escuchae Buscalioni, Alcala, Espilez and Mampel,
2013, a partial skeleton and a disarticulated skull,
plus several isolated teeth; and Hulkepholis plotos
Buscalioni, Alcala, Espilez, and Mampel, 2013 and
Hulkepholis rori Arribas, Buscalioni, Royo Torres,
Espilez, Mampel, and Alcala, 2019, also as partial
skeletons and skull remains. These four Iberian
species represent the oldest (G baryglyphaeus)
and the youngest (Anteophthalmosuchus
escuchae and Hulkepholis plotos) record of gonio-
pholidids found in the Iberian Peninsula and
Europe.

Isolated goniopholidid teeth are one of the
most common vertebrate fossils in the Lourinha
Fm, but too fragmentary to allow any identification
to the species level (Guillaume et al., 2020). Here,
we describe a new species of Goniopholididae,
based on an almost complete skull from the Late
Jurassic (upper Kimmeridgian-lower Tithonian) of
the Lourinhd Formation (west Portugal).

GEOLOGICAL SETTINGS

The specimen studied here was recovered on
the Paimogo beach, located in the Lusitanian
Basin, about 7 km north of the town of Lourinha
(Lisbon, Portugal).

The rocks that are exposed at the Paimogo
locality are dated to the Upper Jurassic (Kimmerid-
gian-Tithonian) Lourinhd Formation, and more spe-
cifically to the middle member called the Praia Azul
Member (Ribeiro et al. 2014; Mateus et al. 2017).
The Lourinhd Fm is a sedimentary succession
characterized by alternating terrestrial marls, mud-
stone, and sandstone facies representing deposi-
tion in alluvial fan and fluvio-deltaic environments,
with local carbonate levels that correspond to estu-
arine and lagoon settings (e.g., Hill, 1989; Manup-
pella et al., 1999; Martinius and Gowland, 2011;
Myers et al., 2012; Taylor et al., 2014). This unit is
worldwide known for its richness in fossil verte-
brate fauna including lissamphibians, mammals
and dinosaurs (Ribeiro et al., 2014). Paleoclimate
reconstructions suggest semiarid and seasonal
conditions during deposition of the Lourinhd Fm
(Martinius and Gowland, 2011; Myers et al., 2012),
and the paleolatitude was around 28-29°N based
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on paleolatitude estimates available at paleolati-
tude.org (van Hinsbergen et al., 2015).

The Praia Azul Member is a characteristic
interval of the Lourinhd Fm as it records three car-
bonate layers intercalated between the sandstones
and marlstones bodies, which represent short
transgressive phases (Ribeiro et al., 2014; Mateus
et al., 2017). The lower and upper levels are used
as lithostratigraphic boundaries (Manuppella et al.,
1999), which can be traced over distances of 20
km and are rich in brackish faunas (Hill, 1989;
Manuppella et al., 1999; Martinius and Gowland,
2011; Myers et al.,, 2012; Taylor et al., 2014,
Mateus et al.,, 2017). The Praia Azul Member is
known to bear abundant dinosaur remains, includ-
ing bones, eggs, and tracks (Ribeiro et al., 2014),
as well as crocodylomorphs, turtles, pterosaurs,
mammals, lissamphibians, and lepidosaurs. The
different faunal assemblages that can be found in
this member include the bivalves Eomiodon securi-
formes Sharpe, 1850, Arcomytilus morrisii Sharpe,
1850, Isognomon lusitanicus Sharpe, 1850, other
ostreids and dinosaur tracks in the lower carbonate
level (outcropping north of Canigal, below the Pai-
mogo fort); the bivalves Jurassicorbula edwarsi
Sharpe, 1850, Isognomon lusitanica, Nerinea,
Eomiodon securiformes, coprolites, fish remains,
and echinoids in the middle level (outcropping
north of Paimogo, at the base of Praia do Canigal);
and the Jurassicorbula edwarsi, Isognomon
lusitanicus, other abundant ostreiids and pleu-
rosternidae turtles in the upper level (outcropping
at the top of Praia do Canigal) (Ribeiro et al., 2014;
Mateus et al., 2017).

The specimen of the present work was
extracted from an isolated beach boulder in Praia
de Paimogo. Due to the geographical conditions of
the bay, surrounded by Upper Jurassic rocks form-
ing the 50 m tall sea cliffs, the fossils must have
fallen from the layers above, and been eroded by
the ocean over the years. The block in which the
specimen was found was a grayish sandstone like
the layers seen above in the Paimogo cliffs, proba-
bly situated between the first and second carbon-
ate layers. Based on its location, the estimated age
of the specimen is around 149 million years old.
Historically, the locality of Paimogo is famous for
the finding of dinosaur eggs (Mateus et al., 1998;
Cunha et al.,, 2004; Fernandes et al, 2021),
although these findings correspond to the layers of
the top of the underlying unit of Amoreira-Porto
Novo Member. In the location where this specimen
was collected are deposit outcrops of the lower half
of the Praia Azul Mb. of Lourinhd Fm, below the
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second marine transgression, which was dated as
coinciding to the Kimmeridgian/Tithonian transition.
The fossil ML2776, here studied, is therefore from
the upper Kimmeridgian.

MATERIALS AND METHODS

The material was discovered in December
2021 by Holger Ludtke, the same finder of Europa-
saurus holgeri. The discovery consists of a single
block, rolled, without recent scars of falling apart.
Mr Holger Lidtke contacted Dino Park of Miinche-
hagen (Germany) and Parque dos Dinossauros da
Lourinha (Portugal), and the block was donated to
the Museum of Lourinhad through Sim&o Mateus.
The specimen is to be housed in Museu da
Lourinha (Portugal) following current archival stan-
dards.

The specimen ML 2776 was transported to
the Parque dos Dinossauros da Lourinhd and was
prepared using pneumatic tools. For the removal of
the surrounding matrix was used Presslufthammer
HW 65 and HW 70. For removing the matrix closer
to the fossil was used Presslufthammer HW 70 and
HW 322. And, for the matrix in contact with the
bone was only used HW 322, for more delicate
work. Along the process, and always when
required the bone surfaces were consolidated with
Paraloid B-72 diluted in acetone at 5%, and any
breaks or deep fissures were glued and reinforced
with higher concentrations like 20% and 50%. The
entire preparation process was extensively
recorded with written documentation and accompa-
nying photographs in Parque dos Dinossauros da
Lourinha (Portugal).

Measurements of the specimen ML2776
(Appendix 1) have been done following Puértolas
et al. (2011).

The phylogenetic analysis was run using the
TnT version 1.5 (Goloboff and Catalano, 2016), fol-
lowing the character matrix of Arribas et al (2019),
which is based on Ristevski et al. (2018), as it is
one of the most recent and complete phylogenetic
matrices for Goniopholididae. A heuristic search
algorithm (traditional search analysis) of maximum
parsimony with tree bisection reconnection was
done, with one random seed, 1000 replications,
and saving 10 trees per replication.

Branch support was calculated using standard
Bootstraps resampling with the following options:
1000 number of replicates, using the consensus
tree, searching trees with the traditional search,
and an output result as absolute frequencies. The
Bremer supports were done using the ‘Bremer.run’

script, saving up to 1000 suboptimal trees instead
of 10 suboptimal trees as in Arribas et al. (2019).
For ancestral state analyses, the program
MESQUITE (Maddison and Maddison, 2018) was
used to reconstruct the ancestral state, using the
method of maximume-likelihood-Mk1.
Institutional abbreviations. AR, Arifio collection,
Museo Aragonés de Paleontologia, Teruel, Spain;
IRSNB, Institut Royal des Sciences Naturelles de
Bruxelles, Belgium; ML, Museu da Lourinh3,
Lourinh&, Portugal; PDL, Parque dos Dinossauros
da Lourinha, Lourinhad, Portugal; SMM, Science
Museum of Minnesota, Saint Paul; USA.

SYSTEMATIC PALEONTOLOGY

Superorder CROCODYLOMORPHA Hay, 1930
(sensu Walker, 1970)

Clade CROCODYLIFORMES Hay, 1930
Suborder MESOEUCROCODYLIA Whetstone and
Whybrow, 1983 (sensu Benton and Clark, 1988)
Infraoder NEOSUCHIA Gervais, 1871 (sensu

Benton and Clark, 1988)
Family GONIOPHOLIDIDAE Cope, 1875
Genus OPHIUSSASUCHUS gen. nov.

zoobank.org/7828D79B-2773-4F0C-94E8-4F0CFB443597

Etymology. ‘Ophiussa’ refers to the ancient name
given by the Greeks to the area where is now Por-
tugal; and ‘suchus’ is from the Greek souchos that
refers to crocodile-headed Egyptian god Sobek.
Diagnosis. As for the type species.

Type species. Ophiussasuchus paimogonectes
gen. et sp. nov.

OPHIUSSASUCHUS PAIMOGONECTES sp. nov
Figures 1-3

zoobank.org/F31747D6-B166-4DD0-90D8-6443FD97A073

Holotype. ML2776, an almost complete and well-
preserved isolated skull, with some teeth still
attached. The specimen is deposited at Lourinha
Museum (Museu da Lourinha), Lourinha, Portugal.
Etymology. ‘paimogonectes’ refers to the one who
swims in Paimogo, where the specimen was found
(Paimogo beach, Lourinha, Portugal).

Age and horizon. Praia Azul Member, Lourinha
Formation, Lusitanian Basin, west coast of Portu-
gal. upper Kimmeridgian-lower Tithonian, Upper
Jurassic.

Type locality. Praia de Paimogo (GPS coordi-
nates: 39° 17’ 10.4” N, 9° 20 ’17.4” W), Lourinha,
Lisbon, Portugal.

Diagnosis. Medium-sized crocodylomorph about
2.5 m to 3 m long (estimated body length based on
Young et al., 2011), with platyrostral, mesorostrine
skull and a marked festooned contour which differs
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FIGURE 1. Skull of ML2776 Ophiussasuchus paimogonectes gen. et sp. nov., in dorsal view. Anatomical abbrevia-
tions: f, frontal; itf, infratemporal fenestra; j, jugal; lac, lacrimal; mx, maxilla; mx.dp, maxillary depressions; n, nasal;
o, orbit; pa, parietal; pal, palpebral; pf, prefrontal; pmx, premaxilla; po, postorbital; q, quadrate; qj, quadratojugal; sq,
squamosal; stf, supratemporal fenestra; t, tooth. Scale represents 10 cm. Image by C. Pineda.

from other goniopholidids since it possess a less
pronounced axe-shaped premaxillae dorsal out-
line; smooth perinarial region with absence of
crests around it; presence of different number of
maxillary depressions between the left and right

regions (four and five, respectively); anteriorly well-
marked V-shape border of the palatines in contact
with the maxillae; nasals with straight, sub-parallel
margins between the maxillae, with little to no lat-
eral expansion at their posterior-most border; main
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FIGURE 2. Skull of ML2776 Ophiussasuchus paimogonectes gen. et sp. nov., in ventral view. Anatomical abbrevia-
tions: ec, ectopterygoid; j, jugal; mx, maxilla; pmx, premaxilla; pl, palatine; pt, pterygoid; q, quadrate; sof, suborbital
fenestra; t, tooth; v, vomer. Scale represents 10 cm. Image by C. Pineda.

body of the frontal with sub-squared shape in dor-
sal view, without lateral expansion; nasopharyn-
geal duct less ventrally exposed than in Jurassic
taxa (e.g., Calsoyasuchus or Eutretauranosuchus)
but not as closed as in Cretaceous taxa (e.g.,
Hulkepholis or Anteophthalmosuchus); presence of
two small, thin, anteroposteriorly elongated and
crescent-shaped palatal fenestrae between the
maxillae and the palatines.
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DESCRIPTION

ML2776 is a partial mesorostrine skull of a
goniopholidid (Figures 1-3), approximately 30 cm
of total length (from the tip of the snout to the esti-
mated position of the occipital condyle, because it
is not preserved) and 38 cm from the tip of the
snout to the posterior end of the quadrate condyle
(all the measurements were updated to Morpho-
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FIGURE 3. Skull of ML2776 Ophiussasuchus paimogonectes gen. et sp. nov., in lateral view. Anatomical abbrevia-
tions: ec, ectopterygoid; j, jugal; mx, maxilla; mx.dp, maxillary depressions; n, nasal; pal, palpebral; pf, prefrontal;
pmx, premaxilla; po, postorbital; pt, pterygoid; q, quadrate; qj, quadratojugal; sq, squamosal; t, tooth. Scale rep-

resents 10 cm. Image by C. Pineda.

Bank, see Data Archiving Statement). The speci-
men is very well preserved, and nearly complete,
just missing the posterior right end of the skull
(from the posterior margin of the right orbit until the
right quadrate, including the occipital region of the
skull).

The skull is typically platyrostral, wider than
high, and mesorostrine, in contrast with other longi-
rostrine goniopholidids (e.g., Hulkepholis willetti
Salisbury and Naish, 2011). As common in goniop-
holidids and eusuchian crocodylomorphs, the skull
has no antorbital fenestra. In dorsal view (Figure
1), the skull gradually becomes wider posteriorly.
This overall shape is shared with other Goniopholis
species (Andrade et al., 2011), and closer looking
to G baryglyphaeus (Schwarz, 2002). All the dor-
sal surface of the skull is covered by the typical
crocodylomorph ornamentation pattern based on
sub-circular pits and grooves. Some areas lack
ornamentation and are smoother, such as the max-

illary depressions and the quadrate. In contrast,
the ventral surface of the skull lacks any ornamen-
tation.

The premaxillae are completely preserved but
missing the teeth. Each individual premaxilla is as
dorsoventrally high as it is lateromedially wide.
Together, both premaxillae are as lateromedially
wide as they are anteroposteriorly long, but nar-
rower laterally than the maxilla. As in most goniop-
holidids, the premaxilla has a deep lateral notch at
the premaxilla-maxilla contact, giving it an axe-
shaped dorsal outline, but not as pronounced as
Goniopholis kiplingi Andrade, Edmonds, Benton,
and Schouten, 2011. However, in Ophiussasuchus
paimogonectes gen. et sp. nov., as well as in
Goniopholis simus Owen 1878, the axe-shaped
posterolateral border of the premaxilla, at the ante-
rior margin of the notch, is more rounded in com-
parison to other goniopholidids where this margin
is laterally projected and sharpened, as in Goniop-
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holis kiplingi (Andrade et al., 2011) or Amphicotylus
stovalli Mook, 1964 (Allen, 2012). Dorsally, the
posterior process of the premaxilla wedges posteri-
orly between the maxilla and the nasal, until the
level of the posterior margin of the third maxillary
alveolus. The external naris appears in the ante-
riormost region of the premaxilla. It is sub-circular
and slightly wider than long. The naris is facing
dorsally although it has a slight anterodorsal com-
ponent due to the anterior margin is slightly lower
than the posterior margin, differing from the fully
dorsally orientated naris of G. kiplingi (Andrade et
al., 2011). This narial inclination is not as marked
as in taxa considered to have anterodorsal naris
orientation such as the basal goniopholidid Cal-
soyasuchus (Tykoski et al., 2002), the pholidosau-
rid Sarcosuchus (Sereno et al.,, 2001), or the
thalattosuchian Dakosaurus (Pol and Gasparini,
2009). The external naris is displayed by a conflu-
ent opening of the nares, without an internarial bar.
In anterior view, the anterior margin of the naris is
slightly dorsally elevated in the sutural contact of
both premaxillae. The posterior margin of the naris
is completely formed by the premaxillae, without
any participation of the nasals. There is a tiny ante-
rior projection of the premaxilla into the posterior
margin of the naris. The margins of the naris are
smooth without the presence of any associated
crest or grooves around it. This character contrasts
with other goniopholidids such as Amphicotylus
(Yoshida et al., 2021), Hulkepholis willetti (Salis-
bury and Naish, 2011), or the other species of
Goniopholis where the perinarial crests are present
(Andrade et al., 2011). The sagittal sutural contact
of the premaxillae, posterior to the naris, is more
than twice longer than the same suture anterior to
the naris.

Ventrally (Figure 2), each premaxilla contains
five circular alveoli ventrally oriented, with the last
one anterior and parallel to the first maxillary tooth.
The third and fourth premaxillary alveoli are the
same size and are the largest, followed by size by
the second alveolus, while the first and fifth alveoli
are the smallest ones. In ventral view, a large pit
can be found posteriorly between the first and sec-
ond alveoli, and another pit posteriorly between the
third and fourth alveoli. The premaxillae are ven-
trally fused, forming the anterior region of the sec-
ondary bony palate, only pierced by a very small,
slit-like shape, incisive foramen (=naso-oral fenes-
tra, Andrade et al., 2011) in the medial region,
between the two large pits. This incisive foramen
can also be seen in Amphicotylus stovalli (Allen,
2012, figure 3), Amphicotylus lucasii Cope, 1878

(Erickson, 2016, figure 1b), and Hulkepholis plotos
Buscalioni, Alcala, Espilez, and Mampel, 2013
(Arribas et al., 2019, figure 2c). Smaller neurovas-
cular foramina medial to the alveolar region can be
observed. The ventral posterior process of the pre-
maxilla expands into the maxilla, reaching the level
between the second and third maxillary alveoli,
with an acute sagittal anterior process of the maxil-
lae making a V-shape sutural contact, similar
to other taxa such as G simus (Karl et al. 2006)
and Am. Lucasii (Erickson, 2016), and in contrast
to Am. Stovalli (Allen, 2012) and H. plotos (Buscali-
oni et al., 2013) where it is more round-shape. This
contact does not reach the incisive foramen, as in
Am. Lucasii (Erickson, 2016), but in contrast to Am.
Stovalli (Allen, 2012). There are small scars or stri-
ations along the premaxilla following the premax-
illa-maxilla sutural contact. Similar striations can be
observed in the illustration of Am. Lucasii in Erick-
son (2016).

Both maxillae are well preserved, including
several teeth. Only the anterior lateral margin of
the right maxilla, from the level of the first until the
sixth maxillary teeth, is slightly eroded. In dorsal
view, the maxilla shows a lateral festooned outline,
a common feature in most goniopholidids, but very
subtle in taxa such as Eutretauranosuchus (Smith
et al., 2010; Pritchard et al., 2013), and almost not
present in Calsoyasuchus (Tykoski et al., 2002;
Allen, 2012; Arribas et al., 2019) and Sunosuchus
(Wu et al., 1996). In dorsal, ventral, and lateral
views, at the premaxillary-maxillary suture, the
maxilla shows its greatest concavity coinciding with
the notch for the reception of the largest dentary
tooth. Although the notch is well marked, it just
encases the lingual, and partially the anterior and
posterior surfaces of the crown of the dentary
tooth, while the labial surface of the tooth would
remain completely laterally open. In dorsal and
ventral views, while the anterior premaxillary mar-
gin of the notch expands more abruptly, the poste-
rior maxillary margin of the notch progressively
expands laterally until the maxilla reaches its maxi-
mum width at the fifth alveolus, where it gets a con-
vex contour. Posteriorly, from this point of
maximum convexity, the maxilla narrows again to
get another subtle concave profile, with its maxi-
mum concavity at the level of seventh-eight teeth.
Posteriorly to this area, the margins of the maxilla
in dorsal and ventral profiles are followed by a sec-
ond, but less marked, lateral convexity, coinciden-
tal with the lateral maxillary depression, from
where it approximately keeps the same width until
its posterior end. In lateral view (Figure 3), the



same festooned profile that was in dorsal view can
be observed. The maximum ventral projection of
the maxilla coincides with the maximum lateral pro-
jection, and it reaches the same ventral height as
the premaxilla alveolar margin. However, the sec-
ond posterior convexity is less marked, so the ven-
tral alveolar margin remains more dorsally placed.
The anteromedial region of the maxilla is slightly
expanded dorsally giving a swollen overall shape.
This relief is located at the same level as the larg-
est maxillary tooth and at the greatest lateral and
ventral expansion of the maxilla, which is probably
caused by the placement of the root of this tooth.
This swollen region of the maxilla projects over the
nasal region at the same point laterally, hiding the
anterior region of the nasal in lateral view. In lateral
view, a series of neurovascular foramina appear
along the limit of the dorsolateral margin of the
maxilla, without reaching the alveolar region, and
get more dorsally posteriorly in the maxilla.

There are well-marked maxillary depressions
at the posterolateral-most region of the maxilla
(Figures 2-3), a feature shared with some pholido-
saurids and most goniopholidids (e.g., Martin and
Buffetaut, 2012; Martin et al., 2016; Yoshida et al.,
2021). Nannosuchus, Vectisuchus, and the puta-
tive goniopholidid Denazinosuchus, do not show
any maxillary depressions. However, it is unclear if
the absence of depressions in Nannosuchus may
be related to its putative juvenile ontogenetic stage
(Andrade et al.,, 2011). These maxillary depres-
sions start below the anterior margin of the lacri-
mal, at the same level as the tenth and eleventh
maxillary alveoli, posteriorly reaching the region
between the thirteenth and fourteeth maxillary
alveoli. Most of the maxillary depression is slightly
overlapped by the posterolateral region of the lacri-
mal and anterolateral margin of the jugal. There
are four maxillary chambers in the left depression
and five in the right one, showing a similar condi-
tion to Am. lucasii (specimen SMM P 2003.20.1), a
taxon that also displays four chambers (Erickson,
2016, figure 2A). However, in Am. lucasii, the
depressions occupy a wider region of the maxilla
than in ML2776. Nevertheless, the presence of
four chambers on the left side in ML2776 could be
due to erosion or another factor, and the actual
number could be five, as appears to be on the right
side. If this was the case, this feature would be
shared with the recently described North American
Jurassic taxon Amphicotylus milesi Yoshida, Hori,
Kobayashi, Ryan, Takakuwa, and Hasegawa,
2021, which is clearly five-chambered. In contrast,
other goniopholidids display a smaller number of
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chambers: having two in taxa such as H. plotos
(Buscalioni et al., 2013) or H. rori (Arribas et al.,
2019); or three as in G. kiplingi, G. simus (Andrade
et al.,, 2011), and the specimen IRSNB R47 of
Anteophthalmosuchus epikrator Ristevski, Young,
Andrade, and Hastings, 2018 (=Anteophthalmosu-
chus hooleyi in Martin et al., 2016). The number of
chambers in G. baryglyphaeus cannot be deter-
mined with certainty since its internal structure is
partially eroded (Schwarz, 2002). However, given
its subcircular shape, its short anteroposterior
extension, and the fact that some of the internal
ridges are partially preserved in G. baryglyphaeus,
a maximum of three chambers within the fossa can
be inferred. Regarding the chambers, some
authors point out that the depth and subdivision of
the maxillary depression is a variable character
that increases with the ontogeny (Mook, 1921;
Smith et al., 2010). However, some taxa repre-
sented by big specimens, larger than or like
ML2776 (e.g., G kiplingi, G. simus, or An. hooleyi
IRSNB R47), have fewer chambers than ML2776.
Therefore, although there could be some intraspe-
cific variability related to ontogeny, the number of
chambers could be a diagnostic character to com-
pare different taxa with similar ontogenetic devel-
opment. Although the individual chambers are not
ornamented, presenting a smooth surface, the two
posteriormost chambers have remains of the neu-
rovascular opening in a mid-dorsal position, as
other goniopholidids (Andrade et al., 2011). The
chambers are more elongated dorsoventrally than
anteroposteriorly and are separated by slightly
posteriorly sloping dorsoventral ridges.

Ventrally, the maxillary palatal shelf is flat and
smooth, with a line of foramina pattern medially to
the alveoli. No pits or diastemas are observed
between the dental alveoli, so an overbite occlusal
pattern can be inferred. The maxilla holds a total of
18 alveoli, a feature that changes through species
(e.g., Am. lucasii has 22 alveoli; Erickson, 2016),
some of them still with the crown tooth preserved
(six in the right maxilla and five in the left one).
There are some lingual occlusion pits visible in the
left maxilla, one posteromedial to the second alve-
olus, and another between the eighth and ninth
alveoli. The teeth are vertically oriented and lin-
gually curved, with pointed caniniform shape, with
smooth carinae (not serrated) and circular cross-
section. As in most goniopholidids, the fourth and
fifth maxillary alveoli are almost the same size and
the largest teeth, more than the largest premaxil-
lary tooth (Allen, 2012; Erickson, 2016; Arribas et
al., 2019). The enamel of the anterior maxillary
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teeth is smooth, while the posterior maxillary teeth
are ornamented by fine basi-apical anastomosed
ridges close to each other. The tooth row of the
maxilla starts after the premaxilla-maxilla notch
and extends until the mid-region of the lateral mar-
gin of the suborbital fenestra, with the enlarged
anterior and posterior teeth coincidental to the lat-
eral and ventral convexity. In ventral view, the pos-
teromedial region of the maxillae contacts with an
anterior projection of the palatines, making an
anteriorly V-shape border, in contrast to taxa such
as G simus (e.g., Salisbury et al., 1999; Karl et al.,
2006) or Am. stovalli (Allen, 2012), Am. milesi
(Yoshida et al., 2021), An. hooleyi (Salisbury and
Naish, 2011; Ristevski et al., 2018), An. epikrator
IRSNB R47 (=An. hooleyi in Martin et al., 2016) or
Eutretauranosuchus delfsi Pritchard, Turner, Allen,
and Norell, 2013, where the contact between max-
illa and palatine is blunter and transversal to the
sagittal plane. The anterior margin of the palatines
is more similar to that is present in H. willetti (Salis-
bury and Naish, 2011) and C. valliceps (Tykoski et
al., 2002), although ML2776 presents an intermedi-
ate morphology with a less rounded tip than in H.
willetti but not as acute as in C. valliceps. The pos-
teromedial border of the maxilla makes part of the
anterolateral margin of the suborbital fenestrae,
displaying a rounded concave shape. Laterally to
the intersection of the maxilla-palatine suture with
the sagittal plane, between the palatines and the
maxillae, two small anteroposteriorly elongated
and crescent-shaped palatal fenestrae are
observed (Figure 2). These two openings repre-
sent a palatogenesis where the palate is not com-
pletely fused in this region. Between these two
fenestrae, two bony thin sheets that correspond to
the vomers are exposed.

Both nasals are complete and well-preserved.
The nasals display a long and slender shape, con-
tacting the posterior region of the premaxilla, but
not reaching the external naris. In dorsal view, the
nasals have a sub-rectangular general shape, with
straight and sub-parallel lateral margins contacting
extensively with the medial margin of the maxilla.
The overall sub-parallel lateral margins of the
nasals are common in most goniopholidids
(Andrade et al., 2011; Buscalioni et al., 2013, Arri-
bas et al., 2019). However, in the posterior region
where the nasal meets the lacrimal, the nasal still
displays lateral sub-parallel margins with little lat-
eral expansion. This display contrasts with most
goniopholidids such as Anteophthalmosuchus
(Salisbury and Naish, 2011; Martin et al., 2016;
Ristevski et al., 2018), Goniopholis (Salisbury et
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al., 1999; Andrade et al., 2011), Hulkepholis (Salis-
bury and Naish, 2011), or the undetermined gonio-
pholidid AR—1-3422 from Arifio (Spain) (Buscalioni
et al., 2013), which show a concave lateral expan-
sion in the posterior region of the nasal. The nasals
have a pointed anterior convergence, wedging
between the premaxillae, while diverging in the
posterior end, wedging between the frontal, lacri-
mal, and prefrontal. The posterior end of the nasal,
in dorsal view, does not reach the anterior orbital
margin level, such as in AR-1-3422 specimen
(Buscalioni et al., 2013), G. kiplingi (Andrade et al.,
2011), and Hulkepholis willetti (Andrade et al.,
2011; Salisbury and Naish, 2011). In other goniop-
holidids, such as G. simus, (Andrade and Hornung,
2011) or Am. stovali (Allen, 2012), the posterior
end of the nasal surpasses the level of the anterior
orbital edge. In ML2776 and most goniopholidids,
the prefrontal-nasal medial and lateral contacts
form a continuous straight line, however, in H. wil-
letti (Andrade and Hornung, 2011; Salisbury and
Naish, 2011) and, to a lesser degree, in G. barygly-
phaeus (Schwarz, 2002), the prefrontal wedges a
small anterior process into the lateral margin of the
nasal. In lateral view, the anterior nasal region is
hidden by a dorsal swelling of the maxilla, a com-
mon feature in most goniopholidids. This feature is
difficult to contrast with other specimens, as the
representations are mostly from dorsal view, but it
is found in Am. lucasii (Erickson, 2016, figure 2).

Both lacrimal are complete and well pre-
served, only the right lacrimal is slightly eroded, so
the suture with the anteromedial region of the jugal
is faint and difficult to distinguish. The lacrimal is a
little longer than wide, anteriorly wedging between
the posterior regions of the nasal and the maxilla,
reaching between the tenth and eleventh maxillary
teeth position and separating the maxilla from the
prefrontal. The posterior border of the lacrimal
makes a shallow fossa over the anterior-most
region of the orbit, without participating in the ven-
tral border of the orbit. In dorsal view, the anterior
border of the orbit is closed into a narrow enclo-
sure, produced by the elevated posterior edge of
the lacrimal.

The left jugal is well preserved and complete,
while only the anterior-most portion of the right
jugal is poorly preserved. It has a sub-elliptical
blade shape, flattened lateromedially. The jugal is
broad in its anterior region and gets narrower pos-
teriorly. Dorsally, the jugal is a long and straight
bone, while laterally has a slight sigmoidal shape.
The jugal wedges anteriorly between the lacrimal
and the maxilla until the level of the anterior sec-



ond chamber of the maxillary fossa, while the pos-
terior contact of the jugal with the quadratojugal is
subtle, almost transversal to the sagittal plane. In
lateral view, the jugal contacts with the posterior
region of the maxilla by overlapping it. The antero-
lateral region of the jugal is dorsoventrally flat-
tened, dorsally overlapping the three last chambers
of the maxillary depression, reaching anteriorly the
position between the eleventh and twelfth alveoli,
with a similar contribution to the rostrum region as
other goniopholidids, such as Amphicotylus (Erick-
son, 2016). Goniopholis (Andrade et al., 2011),
Hulkepholis (Salisbury and Naish, 2011), or Ante-
ophthalmosuchus (Martin et al., 2016). The latero-
ventral border of the orbit is made completely by
the anteromedial margin of the jugal while the pos-
teromedial margin of the jugal participates in the
lateral border of the infratemporal fenestra. In lat-
eral view, the jugal is ventrally convex and dorsally
straight below the orbit, while the jugal bar is con-
cave ventrally and straighter dorsally. At the level
where the ventral region of the postorbital bar con-
tacts with the jugal, the dorsal margin of the jugal is
slightly raised forming a crest, dorsally wedging
into the bar. The ascending ramus of the jugal in
the postorbital bar is not ornamented, and the
postorbital bar is subcircular in cross-section. The
lower temporal bar is flattened as it is dorsoven-
trally higher than mediolaterally wide.

The prefrontals are slender and almost twice
as long than wide. The anteromedial border of the
prefrontal contacts with the posterolateral region of
the nasal, and the medial border contacts with the
lateral margin of the anterior process of the frontal.
The anterior-most tip wedges between the nasal
and the lacrimal. The posterolateral border of the
prefrontal is flat, following the lacrimal, while the
dorsal projection of the palpebral forms a crest on
the anterolateral region of the orbit, without over-
hanging it. The prefrontal contribution to the medial
border of the left orbit is obscured by the presence
of a large palpebral bone. However, in the right
orbit, where the palpebral bone is not preserved,
the prefrontal participation in the anteromedial mar-
gin of the orbit is visible. The prefrontal shape vari-
ability is wide among goniopholidids, which can be
seen in the comparison made by Arribas et al.
(2019). In dorsal view, Anteophthalmosuchus dis-
plays a thick posteriorly expanded prefrontal, while
in Goniopholis and Hulkepholis, the posterior
region of the prefrontal is slenderer and more
curved to the orbit, more like what Ophiussasuchus
paimogonectes gen. et sp. nov. displays.
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Just the left palpebral is complete and well
preserved. It is sub-triangular, robust, and large,
contributing to most of the medial margin of the
orbit. Although the right palpebral is not preserved,
there is a groove or scar, over the posterolateral
surface of the prefrontal and part of the frontal, for
the palpebral attachment and showing a strong
and extensive attachment with the skull roof. The
orbital margin of the palpebral projects dorsally,
with the lacrimal, forming a crest on the anterome-
dial region of the orbit, but without overhanging the
orbit. Without the palpebral, the orbit faces dorso-
laterally rather than laterally.

The frontal is almost complete, completely
fused, missing only its posteriormost right portion.
The frontal is wide and flat, without the presence of
a sagittal crest or a sagittal suture, contributing to
most of the preserved portion of the skull roof. The
main body of the frontal is ventrally depressed rela-
tive to the swollen postorbital and squamosal,
therefore the skull roof is not flat but concave. The
main body is flat, with a rectangular shape, pro-
jected anteriorly, and wedging into the nasals with
a truncated anterior tip. This anterior process sur-
passes the prefrontals and reaches the eleventh
and twelfth maxillary tooth position. The anterior
process lays more ventral than the main body of
the frontal, with a transverse interorbital crest that
creates a step between them. The lateral regions
of the main body of the frontal (between the orbits
and the supratemporal fenestrae) are less laterally
expanded than in most goniopholidids such as G
kiplingi (Andrade et al., 2011), Nannosuchus
(Andrade and Hornung, 2011), Hulkepholis (Arri-
bas et al., 2019), or Anteophthalmosuchus (Martin
et al., 2016; Ristevski et al., 2018), in which the
frontal shows a T-shape in dorsal view. In fact, the
lateral margins are more like the proportions
observed in G. baryglyphaeus (Schwarz, 2002), G
simus (Karl et al.,, 2006; Andrade and Hornung,
2011), or Eutretauranosuchus (Pritchard et al.,
2013). The frontal slightly contributes to the medial
margins of the orbit, as in other goniopholidids
(Andrade et al.,, 2011; Andrade and Hornung,
2011), which can be seen in the right orbit, where
the palpebral is missing, while in the left orbit the
palpebral covers the frontal contribution to the
orbit. The frontal contribution to the supratemporal
fenestra is reduced to a small portion in its antero-
medial border where a shallow and smooth fossa is
developed. This contribution of the frontal to the
supratemporal fenestra contrasts with most gonio-
pholidids (Andrade et al., 2011; Andrade and Hor-
nung, 2011; Allen, 2012; Ristevski et al., 2018)

1



LOPEZ-ROJAS ET AL.: A NEW PORTUGUESE GONIOPHOLIDID

where the frontal contributes to almost the entire
anteromedial margin of the supratemporal fenes-
tra. In ML2776, it is more like the condition present
in Calsoyasuchus (Tykoski et al., 2002) or Hulkep-
holis (Salisbury and Naish, 2011; Buscalioni et al.,
2013). In dorsal view, the supratemporal fossa dis-
plays a sub-square shape, with rounded corners,
while the supratemporal fenestra has a tear-drop
shape, with the anterolateral border narrower than
the posteromedial one. Both fossa and fenestra,
however, have no significant difference in size, with
a similar size to the orbit.

The left postorbital is complete and well pre-
served but partly covered by the palpebral. Just the
anterior-most portion of the right postorbital is pre-
served. Dorsally, the postorbital has a crescent
shape surrounding the anterolateral corner of the
supratemporal fenestra. It represents about half of
the upper temporal bar. In dorsal view, the tempo-
ral bars are sub-parallel, with a sinusoidal shape,
giving a rectangular shape to the skull roof. The
postorbital contributes anterolaterally with the pos-
terodorsal border of the orbit. There is a short ante-
rior projection of the anterolateral region of the
postorbital over the orbit, almost at the same level
as the descending process of the postorbital bar.
This condition can be seen also in G simus
(Andrade and Hornung, 2011) or Am. lucasii (Erick-
son, 2016). The postorbital contributes laterally to
the dorsal border of the infratemporal fenestra.
There is a descending process, with a clear sepa-
ration from the main body of the postorbital, that
forms the dorsal portion of the postorbital bar. The
dorsal region of the postorbital bar has two antero-
lateral projections (or spines) and vascularity pit-
ting in the lateral region. The bar is robust,
cylindrical, and slightly inclined in anterior view and
vertical in lateral view. The bar also contributes
anteriorly to the posterodorsal border of the orbit,
and posteriorly to the anterodorsal border of the
infratemporal fenestra.

In lateral view, the infratemporal fenestra, only
preserved in the left region of the skull, is a big
fenestra a bit smaller than the orbit. It is longer than
high, with a sub-polygonal shape as in G kiplingi
(Andrade et al.,, 2011; Allen, 2012), Am. lucasii
(Erickson, 2016), and An. hooleyi (Ristevski et al.,
2018). The infratemporal fenestra is visible in dor-
sal view, as it faces laterodorsally, therefore it is not
covered by the upper temporal bar.

The left squamosal is incomplete but well pre-
served, missing the posteromedial region. The
squamosal has a flat dorsal surface, widening pos-
teriorly, and inclined slightly medially. In lateral
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view, the preserved anterior squamosal region
shows a faintly posteroventral concavity, giving the
sinusoidal appearance seen in other crocodylo-
morphs (Arribas et al. 2019). The anteromedial
border of the squamosal contributes to the postero-
lateral border of the supratemporal fenestra. Poste-
riorly, the broken region of the squamosal displays
a dorsoventrally compressed sub-elliptical cross-
section. In the posterolateral region of the squamo-
sal, it develops a thin lateral projection coincidental
to the otic area. The posterior squamosal lobes are
not preserved.

Only a small portion of the anteriormost region
of the parietal is preserved due to erosion. The pre-
served parietal is fused in a single flat bone. Its lat-
eral border contributes to the medial region of the
supratemporal fenestra. The suture with the frontal
is also poorly preserved, however, it is almost
straight and transversal to the sagittal plane. The
frontoparietal suture is situated posterior to the
orbits and to the postorbital bar, and in a very ante-
rior position in comparison to Goniopholis
(Andrade et al., 2011; Erickson, 2016), Hulkepholis
(Andrade and Hornung, 2011; Arribas et al., 2019)
and Calsoyasuchus (Tykoski et al., 2002), where
the suture is situated at the half of the bar between
the supratemporal fenestrae. In posterior view, the
parietal displays a concavity, facing ventrally, that
corresponds to the portion of the braincase related
to the parietal region.

The left quadratojugal is complete and well
preserved, displaying the pitting ornamentation in
most of its laterodorsal region. The ventral region,
and the area in contact with the quadrate, are
smooth and lack any ornamentation. Dorsally, a
well-marked step delimits the ornamented region
from the smooth area, as seen in most goniopholi-
dids (Andrade et al., 2011; Erickson, 2016; Martin
et al., 2016). The quadratojugal has a convex dor-
sal surface, while the ventral surface is more con-
cave. The sinusoidal suture with the jugal lies very
close to the posteroventral border of the infratem-
poral fenestra, with the anterior region of the
quadratojugal contributing to the ventral and poste-
rior border of this fenestra. There is a dorsomedial
projection contacting locally with the ventral poste-
rior region of the postorbital, making part of the
posterior and posterodorsal border of the infratem-
poral fenestra. From the posterior border of the
infratemporal fenestra, there is a long projection of
the quadratojugal in its upper distal region, the
quadratojugal spine (or spina quadratojugalis, as in
Arribas et al., 2019). It projects anteriorly and par-
allel to the ventral border of the fenestra, and



almost reaching half the length of the infratemporal
fenestra.

The left quadrate is almost complete and well
preserved, missing most of the medial region. The
quadrate displays an almost horizontal shaft, with
the posteriormost region slightly ventrally oriented.
The lateral condyle is posteriorly projected, expos-
ing the posteriormost smooth surface of the quad-
rate. In dorsal view, there is a small concavity in the
contact with the lateral condyle of the quadrate and
the quadratojugal. The small portion preserved
from the medial condyle shows that the postero-
ventral region of the quadrate, the articulation sur-
face with the mandible, displays a small concave
surface between both condyles. A siphonal fora-
men is present on the dorsomedial surface of the
quadrate, anterior to the otic opening.

The palatines are complete and well pre-
served, displaying a smooth, slim, and almost hori-
zontal surface. In ventral view, they are pierced by
the two thin and slender maxillo-palatine fenestrae
in their anteriormost region (anterior palatal fenes-
trae already described in the maxilla section). The
anterior process of the palatines surpasses the
anterior margin of the suborbital fenestrae, it is
short and wedges into the posteromedial region of
the maxillae with a V-shaped contour. The maxilla
has a small process, a subtle medial projection on
the posterolateral border of the anterior process of
the palatine. Ventrally, the palatines are partly in
contact medially until the height of the last maxil-
lary tooth. Posterior to the two crescent-shaped
fenestrae, a single small teardrop-shaped opening
is situated on the sagittal suture of the palatines.
The ventral and lateral borders of the palatines
enclose a narrow nasopharyngeal duct that is not
completely fused in some areas of the sagittal
region. This duct opens posteriorly into the internal
choana at the height of the palatine-pterygoid
suture. The medial posterior palatines form the
anteriormost lateral margin of the internal choana.
The straight lateral borders of the palatines form
the anteriormost and medial rounded borders of
the large suborbital fenestra, which are more than
twice the size of the orbits.

The presence of two isolated palatal fenestrae
between the maxillae and the palatines has also
been reported in some basal goniopholidids from
the Late Jurassic of Asia such as Sunosuchus
Jjunggarensis Wu, Brinkman, and Russell, 1996
and Sunosuchus miaoi Young, 1948 (Buffetaut,
1986). However, these fenestrae are much larger
and wider in the two Asian taxa than in ML2776.
Similar palatal openings have also been observed
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in the basal goniopholidids from the Jurassic of
North America Amphicotylus (Allen, 2012; Erick-
son, 2016; Yoshida et al., 2021), Eutretauranosu-
chus (Smith et al., 2010; Pritchard et al., 2013),
and Calsoyasuchus (Tykoski et al., 2002). How-
ever, the palate in these American taxa is more
open than in ML2776, and therefore the nasopha-
ryngeal duct is more exposed in ventral view. In
contrast, the more deeply nested Cretaceous Euro-
pean goniopholidids, such as Goniopholis (Salis-
bury et al., 1999; Karl et al., 2006; Andrade et al.,
2011), Hulkepholis (Salisbury and Naish, 2011),
and Anteophthalmosuchus (Salisbury and Naish,
2011; Martin et al., 2016), lack the anterior palatal
fenestrae, have the nasopharyngeal duct totally
closed, and the secondary choana only opens pos-
teriorly between the contact of the palatines and
the pterygoid. Therefore, ML2776 seems to pres-
ent an intermediate palatogenesis development
between the Jurassic North American and Asian
goniopholidids and the Cretaceous European taxa.

The left pterygoid is completely preserved,
while only the anterior-most region of the right one
is preserved. The pterygoid displays the typical
smooth, flat well-developed wing, expanded pos-
teroventrally, reaching the height of the squamosal
lobe. In ventral view, the anterior region of the pter-
ygoid makes up most of the posterior border of the
suborbital fenestra. The medial border of the ptery-
goid forms most part of the lateral choanal groove.
The choanal grooves are smoothly exposed at the
end of the nasopharyngeal duct, between the pala-
tine-pterygoid suture and the choanal septum.
These grooves form a large diamond-shaped
external choana, whose boundaries are not neat,
as they open progressively forming a fossa on the
ventral surface of the pterygoids. Except for its
most anterior margin formed by the palatines, the
rest of the choana is formed by the pterygoids.
Even though the posterior border of the choana is
not fully preserved, it can be deduced that it is not
close to the posterior region of the pterygoids. The
choanal septum (=interchoanal septum in Arribas
et al., 2019) is a long and slender vertical wall of
bone in the sagittal plane that divides the internal
choana and the nasopharyngeal duct into two sep-
arate grooves and ducts. The anterior region of the
choanal septum is wider and slightly expanded lat-
erally at the anterior margin of the external choana,
and a sagittal suture dividing the septum seems to
be observed.

The left ectopterygoid is complete and well
preserved, whereas only the anteromedial region
of the right ectopterygoid is preserved. The
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ectopterygoid is stout and smooth, and it is con-
nected to the anterior pterygoid by a ventral wing-
like projection (Figure 2). It contacts the maxilla
anteriorly, the jugal laterally, and the pterygoid pos-
teriorly, and makes part of the posterolateral border
of the suborbital fenestra. In ventral view, the mar-
gin of the suborbital fenestra is bowed medially,
creating a concave outline in this region of the
fenestra. Its anterolateral end, on the posterior
ramus of the maxilla, is short, reaching the level of
the last maxillary alveolus but without touching or
abutting the tooth row, as in other goniopholidids
(Maisch et al., 2003; Salisbury and Naish, 2011;
Martin et al., 2016). Its posterior flat acute tip does
not reach the posterior margin of the pterygoid
wing. Its dorsomedial involvement in the postorbital
bar is short and limited only to the region near the
base of the bar.

PHYLOGENETIC ANALYSIS

The analysis was performed following the
character coding and matrix of Arribas et al.
(2019). As in Arribas et al. (2019), most of the char-
acters were equally weighted, except for the 26
characters that were ordered in Ristevski’'s dataset
(Ristevski et al., 2018). A maximum parsimony
heuristic search algorithm with tree bisection
reconnection was performed, saving 10 trees per
replication, with 1000 replications done. A standard
Bootstraps resampling and Bremer supports (up to
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1000 suboptimal trees) were also calculated and
represented in the consensus tree (Figure 4).

The cladistic analysis recovered a total of two
most parsimonious trees, with a tree length of 2378
steps. The analysis got a consistency index (Cl) of
0.280, a retention index (RI) of 0.760 and a
rescaled consistency index (RC) of 0.2128. In both
trees, the specimen ML2776 is recovered as a sis-
ter taxon of the clade Hulkepholis + Anteophthal-
mosuchus. In the strict consensus tree (Figure 4),
the specimen ML2776 is recovered with the unique
combination of 15 unambiguous synapomorphies:
absence of perinarial crest (character 29 = 0) and
postnarial fossa (character 41 = 0); a straight mor-
phology of the lateral border of the nasals, in dorsal
view, posterior to the external nares (character 76
= 1); the suture between the frontal and the parietal
is posterior to the postorbital bar, however, it does
not reach the mid skull roof (character 122 = 1); the
lateral temporal fenestra displaying an elliptic
shape (character 164 = 0); maxilla and jugal ven-
tral border not levelled, the maxilla fitting in a lower
level with the jugal (character 184 = 1); the maxilla-
palatine fenestrae present and anteroposteriorly
elongated (character 205 = 2); absence of palatal
shelves of the palatine (character 213 = 0); vomer
exposed on the palate, between the maxilla and
the palatine (character 221 = 2); palatines with a
wide shape posteriorly while tapering anteriorly,
wedging between the palatine rami of the maxilla
(character 224 = 1); anterior border of the choana
close to the posterior end of the nasopharyngeal
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duct (character 235 = 2); slender teeth apically
sharpened in the anterior to mid dentition (charac-
ter .373 = 0); mid (character 383 = 1) and posterior
(character 384 = 1) maxillary dentition overbites
the mandibular ones; and anterior position of the
last premaxillary tooth in relation to the first maxil-
lary tooth, slightly altered relative to it (character
391 =1).

DISCUSSION

Authors had an issue with the character cod-
ing criteria in Arribas et al. (2019) regarding the
goniopholidids.

The species Eutretauranosuchus delfsi, speci-
men AMNH FARB 570 (Pritchard et al., 2013) codi-
fied as Eutretauranosuchus delfsi 570 in the matrix
of Arribas et al. (2019) had a series of characters
that were coded as state 2, while the only available
states were 0 or 1. In Appendix 2, we describe how
we recoded those characters, based on the pub-
lished material in Pritchard et al. (2013).

In the character 110 (supratemporal fossae,
orientation of the main axis at late ontogeny), none
of the goniopholidids (with the exception of Eutre-
tauranosuchus delfsi 110 = 1 and Sunosuchus
Jjunggarensis Wu, Brinkman, and Russell, 1996 110
=1) are coded, while there are several well-pre-
served specimens, such as the skull of Amphicoty-
lus lucasii (Erickson, 2016), Goniopholis kiplingi
(Andrade et al., 2011), Anteophthalmosuchus
epikrator (Martin et al., 2016), or Hulkepholis willeti
(Salisbury and Naish, 2011) where the orientation
of the main axis of the supratemporal fossae are
also parallel, therefore in the present manuscript
these taxa have been accordingly coded as 110 =
1.

The character 141 (frontal, participation in the
primary medial border of orbit, at dorsal skull roof)
Arribas et al (2019) created a new character state
2 in which the Goniopholis species show no partici-
pation in the medial primary border of the orbit.
However, as Andrade and Hornung (2011) explain,
in these taxa, and in others such as Nannosuchus,
it seems that the frontal does not contact the orbit,
but this is an artifact due to the presence of the pal-
pebral bone. If we remove the palpebral, the frontal
participates in the primary dorsomedial margin of
the orbit, although this participation is small. This
condition can be seen in Ophiussasuchus pai-
mogonectes gen. et sp. nov. (Figure 1), in which
the left side has the palpebral preserved, covering
the distal frontal and hiding its participation in the
medial edge of the orbit. However, on the right
side, the palpebral is missing and the frontal partic-
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ipation to the medial orbit can be seen. Even
though its participation is minimal, the frontal par-
ticipates in the medial border of the orbit. Conse-
quently, character status 2 has been removed and
the Goniopholis (G. baryglyphaeus, G. kiplingi, and
G.simus) species have been recoded as 141 = 1.

In character 375 (mid to posterior dentition,
presence and morphology of ridged ornamentation
on the enamel surface of teeth) we coded the char-
acter as having both states “1” (present, composed
of basi-apical well-defined ridges, conspicuous and
set apart to each other) and “2” (same as state 1
but rarely anastomosed). The reason for this cod-
ing is that ML2776 presents the basi-apical well-
defined ridges, but some of the teeth seem to pres-
ent some type of very subtle anastomosis, but gen-
erally, it is absent.

The relationships between Ophiussasuchus
paimogonectes gen. et sp. nov. and the other
goniopholidids are well resolved, although not very
well supported with low Bootstrap and Bremer sup-
ports, and ML2776 is recovered as the sister-taxon
of the clade Hulkepholis + Anteophthalmosuchus.
However, while Hulkepholis and Anteophthalmosu-
chus are Cretaceous taxa (Valanginian—Albian)
(Buscalioni et al., 2013), Ophiussasuchus pai-
mogonectes gen. et sp. nov. is a Late Jurassic spe-
cies (Kimmeridgian—Tithonian), closer in time with
the genus Goniopholis, which has a geobiochrono-
logical interval from the Late Jurassic to the Early
Cretaceous (Kimmeridgian—Berriasian), and even
closer to the Late Jurassic species G barygly-
phaeus locality (Schwarz, 2002). Moreover, some
of the synapomorphies of ML2776 are shared with
older species from North American species, such
as Calsoyasuchus (Pliensbachian, Early Jurassic)
or Amphicotylus (Kimmeridgian-Tithonian, Late
Jurassic), rather than to the later taxa (Goniopho-
lis, Hulkepholis, or Anteophthalmosuchus) while
displaying a closer phylogenetic relationship with
the European Cretaceous taxa.

The skull length range of the goniopholidids
can be brevirostrine (Nannosuchus), mesorostrine
(Goniopholis or Ophiussasuchus paimogonectes
gen. et sp. nov.), or longirostrine (Hulkepholis and
Anteophthalmosuchus). The rostrum region of
ML2776 is similar in shape to Goniopholis and
Amphicotylus, as it is wide and with a convex lat-
eral maxilla projection over the first five maxillary
teeth, rather than to Hulkepholis which has a thin
and straighter skull (Arribas et al., 2019, figure 14).
However, the more posterior and closer to the peri-
orbital and skull roof region, the more similar to
Hulkepholis the shape gets. The skull roof at the
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orbit region expands posterolaterally, and the pal-
pebral and postorbital rise laterodorsally over the
skull roof, with the frontal in a lower level (character
115 = 1), like Hulkepholis willetti (Salisbury and
Naish, 2011), rather than having subparallel mar-
gins with the periorbital region overall the same
level in the skull table as in Goniopholis (character
115 = 0) (Andrade et al., 2011). Moreover, the sub-
parallel margins of the nasals are more like that of
the North American goniopholidid Amphicotylus
(character 76 = 1), rather than to the European
goniopholidids Hulkepholis or Goniopholis (charac-
ter 76 = 0) where these margins are more convex
laterally.

Even though the medial borders of the supra-
temporal fossae are incomplete, most of the left
supratemporal fossa is preserved and it allows to
compare it with other taxa. The medial border of
the left supratemporal fossa is almost straight, sim-
ilar to the one from G. simus (Owen, 1878: plate V)
or H. willeti (Salisbury and Naish, 2011: text-figure
24 .2A) (character 113 = 1), in contrast to the ones
from An. epikrator (Martin et al., 2016, figure 3) or
G kiplingi (Andrade et al., 2011, figure 6) with a
more convex shape, displaying a “double concav-
ity” one in front of the other (character 113 = 0).

While the ventral maxillae contribution in the
naso-oral fossa is absent (character 68 = 0) in
Ophiussasuchus paimogonectes gen. et sp. nov.
and Hulkepholis (Buscalioni et al., 2013; Arribas et
al., 2019), the ventral maxillae take part of at least
the posterior border of the foramen in Goniopholis
kiplingi (Andrade et al., 2011) and Amphicotylus
lucasii (Erickson, 2016) (character 68 = 1). This
participation of the maxillae in the foramen has
been seen in other Amphicotylus that were not
included in the matrix of Arribas et al. (2019) such
as Am. milesi (Yoshida et al., 2021, figure 1C) and
Am. stovalli (Allen, 2012, figure 3).

Ventrally, in the posterior region of the maxilla,
the maxillo-palatine fenestrae (=palatal fenestrae)
of ML2776 are present and anteroposteriorly elon-
gated (character 205 = 1) as in Sunosuchus (Wu et
al.,, 1996, figure 4B), but not as elongated as in
Calsoyasuchus (Tykoski et al., 2002), Eutretaura-
nosuchus (Pritchard et al., 2013), or Amphicotylus
(Erickson, 2016). This presence of the #axilla-pala-
tine fenestrae contrasts with the absence of these
fenestrae in younger Cretaceous taxa such as
Goniopholis, Anteophthalmosuchus, or Hulkepho-
lis (character 205 = 0). From the palatal region of
the skull, the development of the nasopharyngeal
duct of Ophiussasuchus paimogonectes gen. et sp.
nov. is morphologically intermediate between the

16

more basal North American goniopholidids and the
younger European goniopholidids. Therefore, in
North American Jurassic goniopholidids (Eutretau-
ranosuchus and Amphicotylus, Figure 5) the pri-
mary choana is opened on the anterior palatine
region (character 213 = 0) as a long ventrally open
duct connected with the opening of the external
choana in the pterygoid. However, in Ophiussasu-
chus paimogonectes gen. et sp. nov., there is a
reduced palatal opening between the maxillae and
the palatines (character 213 = 0), but not com-
pletely closed as in the other European goniopholi-
dids (Goniopholis, Hulkepholis and
Anteophthalmosuchus) (Andrade et al., 2011; Arri-
bas et al., 2019) (character 213 = 1) being Ophius-
sasuchus paimogonectes gen. et sp. nov. closer in
look and shape to Sunosuchus (Wu et al., 1996).
Also, the secondary choana of Ophiussasuchus
paimogonectes gen. et sp. nov. displays a wider
shape in contrast to the Jurassic North American
goniopholidids, in which the choana is longer, thin-
ner, and ventrally opened in most of the duct. Even
having a choanal shape closer to the European
taxa, it is also different: in Hulkepholis and Ante-
ophthalmosuchus, the secondary choana is very
reduced, and while in Goniopholis this opening is
bigger, its shape also differs between species of
the same genus (e.g., G kiplingi seems to have
bigger secondary choana than G simus) (Andrade
et al., 2011, supporting information file S1 and fig-
ure 4C).

The presence of an anterior opening of the
nasopharyngeal duct exposes the vomer between
the maxilla and palatine in ML2776, as in older
goniopholidid species, such as Calsoyasuchus and
Amphicotylus (character 221 = 2), while it is hidden
by the palatal branch of the maxilla in younger spe-
cies as Goniopholis or Hulkepholis (character 221
=0).

Ophiussasuchus paimogonectes gen. et sp.
nov. shares with H. willetti RIS (RIS = the specimen
from Ritstevski et al., 2018), Eutretauranosuchus
delfsi (AMNH FARB 570) (Pritchard et al., 2013),
and Calsoyasuchus valliceps (Tykoski et al., 2002)
the overall morphology of the palatine process, as
a wide anteriorly tapering process that wedges
between the palatine rami of the maxilla (character
224 = 1), while in other goniopholidids such as
Goniopholis and the other Hulkepholis species, the
morphology of the lateral margins of the palatine
process is parallel and flaring anteriorly (character
224 = 2), or in Anteophthalmosuchus escuchae,
where the palatines display a wide fan-like shape
(character 224 = 0). Therefore, the shape of the
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FIGURE 5. Palatal region of some of the goniopholidids, with a simplified cladistic relationship tree between them.
The colored areas in the illustrations are the palatines (yellow), the choanae (red), and the pterygoids (green).

palatine process seems to be more truncated ante-
riorly in younger Cretaceous species (Hulkepholis,
Goniopholis, and Anteophthalmosuchus), while in
the Jurassic taxa (Calsoyasuchus and Eutretaura-
nosuchus) the process wedges between the poste-
rior region of the maxillae, as it is also seen in
Ophiussasuchus paimogonectes gen. et sp. nov.

Moreover, the different number of chambers
between the left and right maxillary depressions
(four and five, respectively) is for the first time
recorded in Goniopholididae. This difference in the
number of chambers in the same specimen is an
interesting feature, however, whether this asymme-
try is a pathology, the result of asymmetric ontoge-
netic growing, simple erosion or, least likely, an
autapomorphy, it is something we cannot deter-
mine for now and recovering future specimens
could shed light about this issue.

PALAEOBIOGEOGRAPHIC IMPLICATIONS

By the end of the Triassic the break-up of the
Laurasian continents, with the opening of the North
Atlantic, began to separate Europe from North
America. This resulted in a more brackish environ-
ment in the Portuguese region (e.g., Lourinha Fm)
rather than the more continental settings observed
in the North American continent (Morrison Fm)
(Schwarz, 2002; Mateus., 2006). However, faunal

exchange between West Europe and North Amer-
ica by the Late Jurassic has been suggested (Briki-
atis, 2016) resulting in similar faunas of dinosaurs
(Guillaume et al., 2022; Foster, 2003; Mateus,
2006; Mocho et al., 2019; Rotatori et al., 2020),
mammals (Martin, 2001), and crocodylomorphs
(Schwarz, 2002).

Brikiatis (2016) also suggests that the sepa-
rate terrestrial biomes of both continents created
good conditions for endemism. This would explain
the common genus but different species between
both regions, e.g., Torvosaurus tanneri Galton and
James, 19,79 in North America, and Torvosaurus
gurneyi Hendrickx and Mateus, 2014, in Portugal.
Goniopholidids were also common in both regions
by the Late Jurassic and Early Cretaceous, how-
ever, the putative presence of the genus Goniop-
holis in North America has been renamed as
Amphicotylus (Mook, 1942; Andrade et al., 2011;
Foster, 2020), therefore Goniopholis genus is
exclusively European.

Although Ophiussasuchus paimogonectes
gen. et sp. nov. seems closer phylogenetically to
the Cretaceous European taxa Hulkepholis and
Anteophthalmosuchus, it is also close geochrono-
logically with the European Jurassic and Creta-
ceous Goniopholis. However, some of the features
that make it a new genus and species are plesiom-
orphic and shared with earlier North American taxa
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(Calsoyasuchus, Eutretauranosuchus, or
Amphicotylus) such as the absence of perinarial
crest and postnarial fossa, the morphology of the
nasals, and the presence, shape, and exposure of
the maxilla-palatine fenestrae, the choanae and
the vomer. These features may indicate that Ophi-
ussasuchus paimogonectes gen. et sp. nov. shares
traits between the earlier North American taxa and
the later European taxa. It possesses a combina-
tion of unique synapomorphies and intermediate
states of some of the characters (e.g., the partial
closure of the nasopharyngeal duct, Figure 5).
These traits are not as developed as in more mod-
ern goniopholidids, but they also differ from the ple-
siomorphic state of the clade.

To test this hypothesis, we performed an
ancestral state reconstruction analysis (see
Appendix 3) of the characters related to the cho-
ana and perichoanal structures (characters 205,
213, 221, 224, and 235 in the matrix of Arribas et
al., 2019). The ancestral states were reconstructed
by the maximum-likelihood-Mk1 method in MES-
QUITE (Maddison and Maddison, 2018).

The result of the analyses (see Appendix 3) of
the ancestral node between Ophiussasuchus pai-
mogonectes gen. et sp. nov., and Hulkepholis +
Anteophthalmosuchus clade shows a high proba-
bility (92.8%-98.7%) of presenting the derived
state of these characters, as in Hulkepholis and
Anteophthalmosuchus. However, Ophiussasuchus
paimogonectes gen. et sp. nov. exhibit the primitive
condition seen in older American taxa (such as
Calsoyasuchus, Amphicotylus, and Eutretaurano-
suchus) with regard to the shape of the maxillo-pal-
atine fenestra (character 205 = 2), the opened
palatal shelves (character 213 = 0), the exposure
of the vomer between the maxilla and palatine
(character 221 = 2), and a wide palatine wedging
anteriorly into the maxilla (character 224 = 1).

In the case of the position of the anterior bor-
der of the internal naris, which is located close to
the posterior end of the nasopharyngeal duct
(character 235 = 2), this feature is shared just with
the younger (Early Cretaceous) Asian species Sia-
mosuchus phuphokensis Lauprasert, Cuny, Buffe-
taut, Suteethorn, and Thirakhupt 2007. The
ancestral node of these species (Siamosuchus
phuphokensis and Ophiussasuchus pai-
mogonectes gen. et sp. nov.) shows a high proba-
bility (99.8%) of presenting the anterior border of
the internal naris at mid-duct (character 235 = 1),
rather than close to the posterior end (character
235 =2).
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Therefore, these results, along with the cur-
rent typology of the tree, seem to support a rever-
sion of these characters in Ophiussasuchus
paimogonectes gen. et sp. nov. to plesiomorphic
states within Goniopholididae. However, it is
unknown whether these primitive conditions arose
due to convergent evolution or by reversion to a
plesiomorphic state. Among these characters, the
position of the anterior border of the internal naris
(character 235) may have experienced convergent
evolution with the Asian taxon Siamosuchus
phuphokensis.

CONCLUSIONS

A new and the most complete skull of croco-
dylomorph (ML2776) from the Late Jurassic of
Lourinhd Fm, was recovered and is here described
as a new genus and species, Ophiussasuchus pai-
mogonectes gen. et sp. nov.

This new taxon was recovered with a unique
combination of 15 synapomorphies. These syn-
apomorphies are a combination of features from
both older North American and younger European
taxa, such as the shape of the rostrum with a less-
projected axe shape compared with Jurassic North
American species (Amphicotylus) and more similar
to Cretaceous taxa, while the nasopharyngeal duct
openings are more closed than older species (Cal-
soyasuchus or Eutretauranosuchus) but not com-
pletely closed as in Hulkepholis and
Anteophthalmosuchus, with which Ophiussasu-
chus paimogonectes gen. et sp. nov. has closer
relationships. In addition, ML2776 displays an
asymmetrical number of maxillary fossae (four in
the left region while five in the right region). How-
ever, any hypothesis regarding this asymmetry
cannot be contrasted until more specimens are
found.

The new taxon Ophiussasuchus pai-
mogonectes gen. et sp. nov. increases the already
high paleodiversity of crocodylomorphs of the
locality. It also supports the hypothesis of a shared
fauna between North America (Morrison Fm) and
Western Europe (Lourinhd Fm) during the Late
Jurassic, as well as the high endemism of Portugal,
distinguishing both continents.
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TABLE S1. Dimensions and measurements of the holotype skull of Ophiussasuchus paimogonensis gen. et
sp. nov. p = preserved; e = estimated.

Measurements of the skull cm
1. Skull, maximum length (from anterior end of premaxilla to quadrate condyle). 37.94
2. Skull, medial length (from anterior end of premaxilla to parietal). ~29.2
3. Skull, maximum medial length (from anterior end of premaxilla to ?
supraoccipital).
4. Skull, length of the skull table (along the dorsal midline). 34.97
5. Skull, width of the skull table (between posterior end of the squamosals). 7.63// (e)15.26
6. Skull, width of the skull table (between anterior margin of the supratemporal 11.19

fenestrae).

7. Skull, maximum width (between quadrate condyles).

8. Skull, minimum width (at the level of preserved premaxillary tooth).

9. Skull, width at the level of postorbital bar.

10.

Snout, maximum width (at the level of the anterior end of the orbits).

11. Snout, minimum width (at the level of the premaxillary-maxillary suture).

12.

Snout, length (from anterior end of premaxilla to the anterior level of the

orbits).

13.
14.
15.
16.
17
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

28.
29.
30.
31.
32.
33.
34.

Interorbital, minimum width (in the frontal).

Frontal, width of the anterior process at the anterior margin of the orbits.

Supratemporal fenestra, anteroposterior length.

Supratemporal fenestra, lateromedial width.

. Infratemporal fenestra, anteroposterior length.

Infratemporal fenestra, lateromedial width.
Parietal, minimum interfenestral width.

Frontal, total length.

Naris, length.

Naris, width.

Quadrate, average width.

Pterygoid, width between the distal flank.
Pterygoid, length in the lateral flank.

Choana, length.

Choana, width.

Orbit, length.

Orbit, width.

Suborbital fenestra, anteroposterior length.
Suborbital fenestra, maximum transverse width.
Jugal, maximum length.

Orbital ramus of the Jugal, thick in the middle.
Orbital ramus of the Jugal, length (up to postorbital bar).

()13.49x2 = 27.98
3.15 (middle) / 6.3 (total)
13.53
5.49
3.3 (middle) / 6.6 (total)
19.64

(e)7.41
2.33
~3.99
3.6
4.97
2.98
111/ (e)2.2
10.7
2.06
1.27
3.92
9.15
7.97
7.89
0.53
4.49
3.69
9.98
5.25
13.98
3.05
6.91
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Measurements of the skull cm
35. Jugal, infratemporal bar length (from postorbital bar). 5.98
36. Jugal, average thickness of infratemporal bar. 1.2
37. Jugal, average width of infratemporal bar. 1.41
38. Postorbital bar, maximum anteroposterior diameter. 2
39. Postorbital bar, minimum anteroposterior diameter. 1.03
40. Foramen magnum, maximum transverse width. ?
41. Foramen magnum, maximum dorsoventral thickness. ?
42. Premaxilla, maximum width. 3.96+3.75 (mid) / 7.5 (tot)
43. Postsnout length to the supraoccipital. ~9.71
44. Postsnout length to the quadrate condyle. ~17.26
45. Width between the fifth maxillary teeth. 6.03 / (p)11.04 / (e)12.06
46. Number of maxillary alveoli. 18
47. Number of premaxillary alveoli. 5

TABLE S2. Ratios of the holotype skull of Ophiussasuchus paimogonensis gen. et sp. nov.

Ratios of the skull

%

N

. Snout length/Medial Skull length

. Snout length/Maximum medial Skull length

. Snout, minimum width/Snout, maximum width

. Snout, minimum width/Snout, maximum width

. Width between the fifth maxillary teeth/Skull, maximum width
. Snout length/Postsnout length to the supraoccipital

. Snout length/Postsnout length to the quadrate condyle

. Snout, minimum width/Premaxilla, maximum width

© 00 N O g »~ W N

. Premaxilla, maximum width/Skull, maximum width

10. Naris, width/Premaxilla, maximum width

11. Supratemporal fenestra length /Orbit length

12. Infratemporal fenestra length /Supratemporal fenestra length.

13. Parietal, minimum interfenestral width/Interorbital, minimum width.

14. Frontal, width of the anterior process at the anterior margin of the orbits/
Interorbital, minimum width.

15. Width of the skull table (between the anterior margin of the supratemporal
fenestra)/Skull, maximum width

19.64/29.2
19.64/?
3.3/5.49
6.6/10.98
12.06/13.53
19.64/9.71
19.64/17.26
3.3/3.96
3.96/27.98
1.27/3.96
3.99/4.49
4.97/3.99
2.2/7.41
2.33/7.41

11.19/27.98

0.6726
?
0.60109
0.60109
0.8913
2.0226
1.13789
0.83333
0.141529
0.320707
0.88864
1.24561
0.29689
0.314439

0.399928
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APPENDIX 2

The character 159 (Orbits, presence of sclerotic ring) was recoded as 0, absent. In Pritchard et al. (2013),
figures 4 and 6 there is no presence of sclerotic ring, neither in the block (Pritchard et al., 2013, figure 1)
were the skull was embedded in.

The character 195 (Postorbital bar, inclination in anterior view) was recoded as 0, the postorbital bar is ver-
tical (Pritchard et al., 2013, figure 5C).

The character 204 (Quadratojugal, extension of anterodorsal ramus) was recoded as 0, as quadratojugal
reaching the dorsal angle of intratemporal fenestra. The quadratojugal is broken, as it is depicted in the
Pritchard et al. (2013), figure 5C, missing the uppermost region. However, the state 1 of the character
implies that the quadrate participates in the infratemporal fenestra, and even thought the quadrate is also
broken in its uppermost region, the quadratojugal is dorsally projected and making part of, at least, the
lower half of this fenestra. So, as in other goniopholidids such as Ophiussasuchus paimogonectes gen. et
sp. nov., Anteophthalmosuchus escuchae or Hulkepholis plotos (Buscalioni et al., 2013), we coded similar
here.

The character 211 (Palate, presence of contact between ventral rami of the maxillae) was recoded as 1,
with the ventral rami of the maxilla meeting at medial line and forming a secondary bony palate.

The character 209 (presence of the parachoanal fossae) was coded as state 1, present. However, this char-
acter has been stayed that appears only in sphagesaurids and baurusuchis (Andrade and Bertini, 2008).
We have recoded the character as state “0”, absent.

The character 216 (palate, presence of maxillary process to palatine, next to the anterior border of antorbital
fenestra) was coded as state “1” and “2”, but character state 2 does not exist in the character description.
As it seems that it is a mistake, we have removed the character state 2 and keep the state 1, describing the
palate as displaying a three-radiated blade anteriorly.

The character 219 (Palate, relative position of the distalmost suture of palatine, at the border of the subor-
bital fenestra) was recoded as state 0, with the suture in the medial region but at the distal end of the subor-
bital fenestra.

The character 223 (Palatines, proportional length of anterior process, projecting at maxillary palate (taken
from their border at the suborbital fenestra) was recoded as state 0, with the anterior process of the pala-
tines being short with a subequal length and width.

The character 236 (Choanae, position of anterior border of the internal naris relative to pterygoid surface at
medial line) was recoded as state 0, with the choana close to the anterior end of the pterygoid, as it can be
seen in Pritchard et al. (2013), figure 4B, 5B.

The character 290 (Medial pharyngeal and pharyngotympantc tubes (= “Eustachian tubes”), relation to
basioccipital and basisphenoid) is recoded as 1, with the “Eustachian tube” enclosed between the basioc-
cipital and basisphenoid. Pritchard et al. (2013) describe the “Eustachian tube” as the “Eustachian canal”,
which can be visible in the CT scans (Pritchard et al., 2013, figure 12E) as a distinct tube between the
basioccipital and parabasisphenoid.

The character 305 (Otic aperture, morphology of distal margin) was recoded as 0, with the posterior margin
not defined, but never invaginated. In the figures from Pritchard et al. (2013) the aperture is not well shown,
only CT scans of the posterior region of the skull allowed to describe it. Pritchard et al. (2013) described the
otic aperture of E. delfsi AMNH FARB 570 as having a similar display to Goniopholis simus, so here it has
been coded as the in G simus.

For the characters 311 (Posteroventral symphyseal fossa, presence of a single depressed area at the pos-
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terior end of symphysis, in ventral view) and 355 (Mandiblular glenoid fossa, length relative to width),
related with the mandible, they have been recoded as ‘?’, because the characters refer to the medial region
of the mandible, and only the lateral region was visible (Pritchard et al., 2013, figures 1, 16).

Something similar happened with the characters 374 (Mid to posterior dentition, presence of pebbled orna-
mentation on tooth crown surface) and 404 (Symphyseal alveoli 3-4, relative size), related with teeth mor-
phology, but no teeth (character 374) nor the region of the alveoli (character 404) were preserved.
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APPENDIX 3

FIGURE $1. Likelihood Ancestral State reconstruction of character 205 of the two most parsimonious trees

traced over the strict consensus tree, using our matrix based on Arribas et al. (2019).

Reconstructed Ancestral State (Likelihood Mk1 model)
for the Character 205 (Arribas et al., 2019):
Makxillo-palatine fenestrae

DO. absent
[ 1. present, subcircular
Il 2. present, anteroposteriorly elongated

VHdYOWOTAQOD0HI £
SINYOLITAQOI0UD s

YITAQO20HINIOSIN

YIHONSOHIYND01310)

YIHONSOIN

IVaIaIOHdOINO

VIHINSNI

PALAEO-ELECTRONICA.ORG

Q) Gracilisuchus stipanicicorum
§ Pseudhesperosuchus jachaleri
8a sphenosuchus acutus
) Protosuchus richardsoni
M8 Hemipratosuchus leoli
f) Gobiosuchus kielanae
) Hsisosuchus chungkingensis
§) Hsisosuchus chowl
Hsisasuchus doshanpuensis
() Libycosuchus brevirostris
() Malawisuchus mwakasyungutiensis
() Comahuesuchus brochybuccalis
[y Notosuchus terrestris
) Maritiasuchus amarali
() Yacarerani boliviensis
B Adamantinasuchus novoe
B Armadiliosuchus orrudoi
) Sphogesaurus huenei
Caipirasuchus montealtensis
Q) Caryonosuchus pricel
() Baurusuchus pochecoi
{) Stratiotosuchus maxhechti
) Candidodon itapecuruense
{) Uruguaysuchus aznarezl
[) Araripesuchus tsangatsangano
{) Aroripesuchus buitreraensis
() Araripesuchus wegeneri
Araripesuchus patagonicus
{) Araripesuchus gomesit
() Uberabasuchus terrificus
) Lomasuchus palpebrosus
() Montealtosuchus arrudacamposi
8 Caririsuchus camposi

(1.0 Sebecus icoeorhinus

Bergisuchus dietrichtbergi
) Anatosuchus minor
() Kaprosuchus soharicus
f) Mahgjangasuchus insignis
() Theriasuchus pusillus
) Theriosuchus guimarotae
Stolokrosuchus tapparenti
Calsoyosuchus volliceps
Eutretauranosuchus delfsi 570
utretauranosuchus delfsi 17628
b Sunosuchus junggarensis
) Sunosuchus migoi
Siamosuchus phuphokensis
0 Amphicotylus lucasii
0 Nonnosuchus gracilidens
0} Goniopholis baryglyphoeus
() Ganiaphalis simus
f) Goniopholis kiplingi
Ophiussasuchus paimogonectes
() Anteophthal hooleyi
0) Anteophthal epikrator R47
{) Anteophthal epikrator HOL
{J Anteophthal escuchae
(=) Anteophthal escuchoe RIS
{) A escuchae subadult
[) Hulkephalis platos HOL
(Ee0) Hulkepholis plotos MIX
) Hulkepholis rori
[) Hulkepholis willetti RIS
() Hulkephalis willetti
{) Pholidosaurus schoumburgensis
) Vectisuchus leptognathus
() Elosuchus Cherifiensis
) Elosuchus broinge
f Chalawan thaitandicus
Sorcosuchus hartti
{) Sarcosuchus imperator
[) Guarinisuchus munizi
{J Congosaurus bequaerti
() Dyrosaurus maghribensis
() Dyrosaurus phosphaticus
[} Platysuchus multiscrobiculatus
[ Steneosaurus boliensis
0 Steneosaurus herberti
[} Pelagosaurus typtis
f) Rhacheosaurus gracilis
Cricosaurus suevicus
Cricosaurus araucanensis
() Metriorhynchus superciliosus
0 Torvoneustes corpenteri
[) Geosourus giganteus
=0 Geosaurus grandis
B Geosourus sp
[) Dakosaurus maximus
() Dakosaurus andiniensis
) Rugosuchus nonganensis
() Bernissortia fagesii
{) Susisuchus anatoceps
() isisfordia duncani
() Allodaposuchus precedens
[ tharkutosuchus makodij
{) Hyloeochampso vectiono
[) Tomistoma schlegelii
[) Eosuchus lerichei
Gavialis gangeticus
() Piscogavialis jugalisperforatus
{) Crocodylus niloticus
{) Cracodylus porasus
) Osteolaemus tetraspis
0) Voay robustus
0 Diplocynodon ratelli
) Brachychampse montana
() Alligator mississipiensis
() Pateosuchus trigonatus
[} Caiman crocodilus
[) Caiman latirostris
() Melanosuchus niger
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FIGURE S2. Likelihood Ancestral State reconstruction of character 213 of the two most parsimonious trees
traced over the strict consensus tree, using our matrix based on Arribas et al. (2019).

Q Gracifisuchus sipanicicorum
Q Pseuchesperasuchus jachaleri

Reconstructed Ancestral State {Likelihood Mkl model) D
for the Character 213 (Arribas et al., 2019): Poitimimtnie

. . L) Hsisasuchus chungkingensis
Palate, relation between palatal shelves of the palatine (0 Hsisosuuchus chowi
Hsisasuchus dashanpuensis
B Libycosuchus brevirostris
B Malawistchus mwakesyungutiensis

[[]0. palatal shelves of palatine absent or not fully in contact at medial line D Comahuesuchus brachybuccalis
Il 1. palatal shelves of palatine fully developed, bounding the narial passage B otosuchus terrestris
R L. N b Mariliasuchus amarali
ventrally an in contact at medial line, creating fully formed nasopharyngeal P racarerani boliviensis

b Adomontinasuchus navoe
Y Armadillosuchus arrudai
B sphogesourus buenei
b Coipirasuchus monteaitensis
) Caryonosuchus pricei
B scurrusuchus pachecol
b siratiotosuchus maxhechti
B Condidodon itopecuruense
b Uruguaysuchus aznarezi
B Aroripesuchus tsangatsongono
P Araripesuchus buitreraensis
) Aroripesuchus wegeneri
B Aroripesuchus patagonicus
b Araripesuchus gomesii
B Uberabasuchus terrificus
B Lomasuchus palpebrosus
B Monteattosuchus orrudacamposi
B Coririsuchus camposi
B sebecus icoeorhinus
) Bergisuchus dietrichtbergi
b Anatosuchus minor
B Koprosuchus sohoricus
D Mahajangasuchus insignis
B Theriosuchus pusitius
B Theriosuchus guimarotae
B stolokrosuchus lapparenti
Colsoyosuchus valliceps
O cutretauranosuchus delfsi 570
Q utretouranosuchus delfsi 17628
B Sunosuchus junggarensis
Sunosuchus migoi
Siamasuchus phuphokensis
O Amphicotylus lucasii
Nannosuchus gracilidens
B Goniophalis baryglyphaeus
B Goniopholis simus
B Goniopholis kiplingi
Ophiussasuchus paimogonectes
 Anteophthal hooleyi
Anteophthal epikrator R47
Anteaphthal epikratar HOL
) Anteaphthol escuchae
) Anteophthol escuchae RIS
D A escuchae subadult
p Hulkepholis plotos HOL
) Hulkepholis plotos MiX
) Hulkepholis rori
D Hulkepholis willetti RIS
p Hulkephofis willetti
) Pholidosaurus schaumburgensis
D Vectisuchus leptognathus
P Elosuchus Cherifiensis
P Elosuchus broinoe
) Chalawan thailandicus
oy B Sorcosuchus hartti
) sarcosuchus imperator
) Guarinisuchus munizi
) Congosaurus bequaerti
) Dyrosourus maghribensis
B Dyrosaurus phasphaticus
3 Platysuchus multiscrobiculatus
P Stenensaurus bollensis
P Steneosourus herberti
P Pelagosaurus typus
) Rhacheosaurus gracilis
) Cricosaurus suevicus
D Cricosourus oraucanensis
B Metriorhynchus supercifiosus
Torvoneustes corpenteri
D) Geosaurus giganteus
(0 Geosaurus grondis
0 N Geosaurus sp
B Dokosaurus moximus
D Dokosourus andiniensis
B Rugosuchus nonganensis
P Bernissartio fagesii
) Susisuchus anatoceps
P isisfordia dunconi
P Allodapoesuchus precedens
B iharkutosuchus makadii
P Hylaeochompsa vectiana
p Tomistoma schiegelii
) Fosuchus lerichei
) Gavialis gangeticus
) Piscogavialis jugalisperforatus
) Crocodylus niloticus
) Crocodylus porosus
) Ostealoemus tetrospis
) Voay robustus
) Diplocynodon ratelli
) Brachychampsa montana
) Alligator mississipiensis
Pafeosuchus trigonatus
Caiman crocodilus
Caiman latirostris
Melanosuchus niger
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FIGURE S3. Likelihood Ancestral State reconstruction of character 221 of the two most parsimonious trees
traced over the strict consensus tree, using our matrix based on Arribas et al. (2019).

Reconstructed Ancestral State (Likelihood Mk1 model)
for the Character 221 (Arribas et al., 2019):
Vomer, ventral exposure on palate

[ 0. not exposed on palate, hidden by palatal branch of maxillae
[ 1. exposed on palate between premaxillae and maxillae
b} exposed on palate between maxilla and palatine
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“ [ Eutretouranastichus delfsl 570
utretauranosuchus delfsi 17628
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Y Nannosuchus gracilidens
Y Goniopholis baryglyphaeus
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&) Goniopholis kiplingi
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{)Anteophthal hooleyi
“DAnteophthal epikrator R47
{)Anteophthal epikrator HOL
0 Anteophthal escuchae
8 Anteophthal escuchae RIS
0 A escuchae suboduit
[ Hulkephalis plotos HOL
() Hulkephaolis plotos MIX
{)Hulkepholis rari
. [ Hulkepholis wifletti RIS
() Hulkepholis wifletti
Q) Pholidosaurus schaumburgensis
{ Vectisuchus leptognathus
“QElosuchus Cherifiensis
J Q) Elosuchus broinae
l fChalawan thailandicus
v 0B sarcosuchus hartti
()Sarcosuchus imperator
D) Guarinistichus munizi
[)Congosauirus bequoerti
{)Dyrosaurnis moghrivensis
() Dyrosourus phosphaticus
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0 Torveneustes carpenteri
Y Geosaurus giganteus
0 ) Geosaurus grandis
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Cracadylus niloticus
Q) Crocadylus porosus
() Osteolaemus tetrospis
Q) Voay robustus
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0 Alligator mississipiensis
{0 [ Paleosuchus trigonatus
I [ Caiman crocodifus
QD Caiman latirostris

U
0 Melanosuchus niger
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FIGURE S4. Likelihood Ancestral State reconstruction of character 224 of the two most parsimonious trees

traced over the strict consensus tree, using our matrix based on Arribas et al. (2019).

Reconstructed Ancestral State (Likelihood Mk1 model)
for the Character 224 {Arribas et al., 2019):
Palatines, overall morphology of palatine process

[]0. wide, fan-like

[ 1. wide posteriorly and tapering anteriorly,
wedging between palatine rami of maxilla

M 2. \ateral margins parallel or flaring anteriorly
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FIGURE S5. Likelihood Ancestral State reconstruction of character 235 of the two most parsimonious trees
traced over the strict consensus tree, using our matrix based on Arribas et al. (2019).

Reconstructed Ancestral State (Likelihood Mkl model)
for the Character 235 (Arribas et al., 2019):

Choanae, position of anterior border of the internal naris
relative to nasopharyngeal duct and suborbital fenestra:

[]0. anterior border situated anterior to the suborbital fenestra

[ 1. anterior border situated at mid-nasopharyngeal duct

Il . anterior border close to the posterior end of the
nasopharyngeal duct, or posterior to it
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Koprosuchus sahoricus

Mohajangasuchus insignis

Theriosuchus pusilfus

Theriosuchus guimarotae

Stolokrosuchus lapparenti

Calsoyostchus volliceps

Eutretauranosuchus delfsi 570

utretouranosuchus delfsi 17628

Sunosuchus junggarensis

Sunosuchus migoi

Siamosuchus phuphokensis

{} Amphicotylus fucasii

) Nonnosuchus gracilidens

[} Gonjapholis baryglyphoeus

{} Goniopholis simus

f Goniopholis kiplingi
Ophiussasuchus paimogonectes

) Anteophthal hooleyi

) Anteophthal epikrator R47

0

0

Anteaphthal epikvator HOL

Anteaphthal escuchoe
{ Anteophthal escuchae RIS
U A escuchae subaduft
) Hulkepholis plotos HOL
) Hutkepholis piotos MIX
§ Hutkepholis rori
[} Hutkepholis willetti RIS
U Hulkepholis willetti
[} Pholidosaurus schaumburgensis
Vectisuchus leptognathus
Elosuchus Cherifiensis
Elosuchus broinae
Chalawan thoilandicus
Sarcosuchus hartti
Sarcosuchus imperator
Guarinisuchus munizi
Congosourus bequoerti
Dyrosourus maghribensis
Dyrosourus phosphaticus
Platysuchus multiscrobiculotus
Steneosaurus bollensis
Steneosaurus herberti
Pelogosourus typus
i Rhocheosaurus grocilis
Cricosourus suevicus
Cricosaurus argucanensis
Metriorhynchus superciliosus
Torvoneustes carpenteri
Geosaurus gigonteus
Geosourus grondis
Geosaurus sp
f} Dakosaurus maximus
Dakosaurus andiniensis
Rugostchus nonganensis
Bernissortia fagesii
Susisuchus anatoceps
Isisfordio dunconi
Alfodaposuchus precedens
tharkutosuchus makadii
Hylaeochampsa vectiana
Tomistoma schiegelii
FEosuchus lerichel
Gavialis gongeticus
Piscogavialis jugafisperforatus
Crocodylus niloticus
Crocodylus porosus
Osteolaemus tetraspis
Voay robustus
Diplocynodon rotell
Brachychampsa mantana
Alligator mississipiensis
Paleosuchus trigonatus
Caiman crocodifus
Caiman lotirostris
Melanosuchus niger
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