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Abstract: A new alligatoroid, Eurycephalosuchus gannanensis gen. et sp. nov. and an

undetermined brevirostrine, Brevirostres gen. et sp. indet. are described. They are preserved


mailto:xcwu@nature.ca
mailto:wangyanchao@ivpp.ac.cn
mailto:2788827552@qq.com
mailto:476470435@qq.com

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

together in the Upper Cretaceous of Jiangxi Province, China. Eurycephalosuchus gannanensis is
established based on a well-preserved skull with the mandible and some postcranial elements,
and Brevirostres gen. et sp. indet. is represented by the right scapula and coracoid.
Eurycephalosuchus gannanensis is assigned to Alligatoroidea and phylogenetically nested within
a sub-group of Orientalosuchina with other four genera from China and Vietnam.
Eurycephalosuchus gannanensis differs from all other orientalosuchines primarily in the short
and broad appearance of its skull, the abnormally short (anteroposteriorly narrow) skull table, the
exclusion of the parietal from the occipital ridge posteriorly, the postdentary part of the mandible
much deeper than the anterior part dorsoventrally, the splenial excluded from the mandibular
symphysis, and the external mandibular fenestra small and nearly vertical in orientation. It is
different from Brevirostres gen. et sp. indet. in that the distal end of the scapular blade is
relatively broader, and the anterior margin of the coracoid is more concave in addition to the
smaller size. The discovery of the two new forms not only enriches the diversity of the local
fauna but also confirms the monophyly of Orientalosuchina and the Asian dispersal event of the
clade after diverging from the mainline rather than a sub-lineage of Alligatoroidea in the Late

Cretaceous.

Keywords: Brevirostres; Alligatoroidea; Orientalosuchina; Upper Cretaceous; China

1. Introduction
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In recent years, there has been several fossil reptiles discovered in the Upper Cretaceous
red beds in Municipality of Ganzhou City (MGC), the southern part (Gannan) of Jiangxi
Province. Most of those fossils were exposed by the construction activities associated with local
infrastructure development in some districts of MGC. Up to the present, the reptile fossils
excavated include a few dinosaur species (Xu and Han, 2010; Wang et al., 2013; Wei et al.,
2013; Ll etal., 2013a, 2013b, 2014, 2015, 2016, 2017; Xing et al., 2020a), two lizards (Mo et
al., 2010, 2012), two turtles (Tong and Mo, 2010), and dinosaur eggs including those with
embryos (Sato et al., 2005; Cheng et al., 2008; Xing et al., 2020b, 2021). In addition to the
vertebrate fossils mentioned above, there is a crocodylian reptile, Jiangxisuchus nankangensis
described by Li et al. in 2019, which was soon assigned to Orientalosuchina by Massonne et al.
(2019). Shan et al. (2021) recognized another orientalosuchine from China and further confirmed
the orientalosuchine status of Jiangxisuchus nankangensis. Up to the present, there have been six
orientalosuchines known from southeastern Asia and southeast China, including the type species
Orientalosuchus naduongensis from Vietnam (Massonne et al., 2019), Krabisuchus
siamogallicus from Thailand (Martin and Lauprasert, 2010), and four Chinese species:
Eoalligator chunyii (Young, 1964), Protoalligator huiningensis (Wang et al., 2016 = Eoalligator
huiningensis Young, 1982), Jiangxisuchus nankangensis, and Dongnanosuchus hsui (Shan et al.,
2021).

In 2021, a new crocodylian specimen was excavated in a block of matrix from the Upper
Cretaceous of MGC. The fossil locality situates at Shahe Town of Zhanggong District of MGC,
about 2 km northeast to the Ganzhou Railway Station or about 50 km northeast to the quarry of
Jiangxisuchus nankangensis in Nankang District of MGC (Fig. 1). The new crocodylian

specimen represents the seventh orientalosuchine known from Asia. Along with the articulated
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section of the postcranial skeleton of the new crocodylian, there is a big and articulated pair of
the right scapula and coracoid. This big pair evidently belongs to another species in terms of
morphological differences in addition to their large size, although its taxonomy cannot be
determined within Brevirostres based on the current material. Here we mainly describe the new
orientalosuchine, focusing on its osteological anatomy, taxonomy, and phylogeny. The new
discovery not only illustrates the diversity of the local crocodylians but also provides a chance to
test the hypotheses made by previous studies on the early history of alligatoroid crocodylians,

particularly the internal and external relationships of Orientalosuchina.

2. Geological setting

The new crocodylian specimens were recovered from the redbeds in the construction
site of Qingfeng Pharmaceutical Manufactory (QPM) at the Industrial Park of Shahe Town
(IPST), Zhanggong subdistrict of MGC. The redbeds of the site of QPM belong to the Upper
Cretaceous Hekou Formation (He et al., 2017). The formation of IPST yields not only the
new crocodylians but also dinosaurs, turtles and dinosaur eggs including the elongatoolithid
egg with an embryo (He et al., 2017; Xing et al., 2021). The Upper Cretaceous redbeds of
MGC are generally assigned to the Ganzhou Group or the Guifeng Group in ascending order,
the former group is further divided into the Maodian and Zhoutian formations while the latter
comprises the Hekou and Tangbian formations (the Upper Cretaceous) as well as the Lianhe
Formation (the uppermost Cretaceous-Paleogene) (see Wen et al., 2016). On the other hand,
the redbeds of MGC are traditionally correlated to the Upper Cretaceous Nanxiong

Group/Formation (Jiangxi Bureau of Geology and Mineral Resources, 1984), although this
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correlation is inconsistent with other studies (see citations of Xing et al., 2021). A related
paleomagnetic study on the Ganzhou redbeds suggests that the age of the Guifeng Group
ranges from 71.4 to 65.0 Ma (Zuo et al., 1999). In this case, the bottom position of the Hekou
Formation within the Guifeng Group indicates that the formation should be the early
Maastrichtian in age. As indicated by the geological map of the Upper Cretaceous in MGC
(He et al., 2017), the outcrops of the Hekou Formation distribute extensively, covering the
vast area of Nankang District, including the Nankang city centre near which Jiangxisuchus
nankangensis was collected, although the redbeds yielding the orientalosuchine, other
vertebrate fossils, and dinosaur eggs were originally correlated by Li et al. (2019) and other
studies to the strata of the Upper Cretaceous (Maastrichtian) of the Nanxiong Formation or

group (Xu and Han, 2010; Wang et al., 2013; Ll et al., 2014, 2015, 2016).

3. Material and methods

The crocodylian specimens studied here are housed in the Collections of Institute of
Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences, Beijing, China.
It comprises the skull with the mandible occluded and some postcranial elements. We prepared
the crocodylian specimens using mechanical tools (pneumatic chisels) and photographed them
from various perspectives with a Nikon D610 digital camera. The figures were prepared using
Adobe Photoshop 2020 and Illustrator 2020. We made line drawings based on the reference
photographs and checked them against the original specimens. Measurements of selected skull
regions were taken directly from the original specimens. The phylogenetic analyses were

performed using TNT v.1.5 (Goloboff and Catalano, 2016).
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Institutional abbreviations. VPP, Institute of Vertebrate Paleontology and
Paleoanthropology, Chinese Academy of Sciences, Beijing, China; IRSNB, Institut Royal des
Sciences Naturelles de Belgique, Brussels, Belgium.

Anatomical abbreviations. acr, acromial crest; amc, adductor muscle chamber; an,
angular; ana, atlantal neural arch; ar, articular; arf, articular fossa; avs, anteroventral process of
surangular; ax, axis; axns, axial neural spine; bco, big coracoid; bo, basioccipital; bs,
basisphenoid; bsc, big scapula; cev, centrum of a vertebra; ch, internal choana; cgl, coracoid
glenoid fossa; co, coracoid; cof, coracoid foramen; cr, cervical rib; cp, capitulum; ctmp,
concavity for attachment of tendon for adductor mandibulae posterior; d, dentary; dpc,
deltopectoral crest; dip, diapophysis; dth, dentary tooth; dr, dorsal rib; dvt, dorsal vertebrae; ec,
ectopterygoid; ecq, exit for cranio-quadrate canal; emf, external mandibular fenestra; en,
external naris; eo, exoccipital; f, frontal; faé, foramen aérum; fan, facet for angular; fatc, facet for
the atlantal centrum; fca, foramen for carotid artery; fcq, foramen for cranio-quadrate canal; fdsa,
foramen between dentary and surangular; fio, foramen for intermandibularis oralis; fm, foramen
magnum; fsc, facet for scapula; fr2, facet for the 2" rib; gl, glenoid fossa; gev, groove for ear
flap; hp, hypophyseal process; hy, hyoid; ic, foramen for internal carotid artery; inc,
interclavicle; itf, infratemporal fenestra; j, jugal; I, lacrimal; let, lateral exis of Eustachian tube;
los, lateral osteoderm; It, lateral tubercle; m, maxilla; mdg, medial condyle of quadrate; mec,
middle ear chamber; men, margin of external naris; met, median exit of Eustachian tube; mif,
margins of incisive foramen; ms, mandibular symphysis; mt, medial tubercule; mth, maxillary
tooth; n, nasal; nca, neural canal; nsp, neural spine; ob, orbit; oc, occipital condyle; os,
osteoderm; otp. odontoid process; p, parietal; pap, parapophysis; pf, prefrontal; pl, palatine; pm,

premaxilla; pmth, premaxillary teeth; po, postorbital; pop, paroccipital process; poz,
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postzygapophysis;; prz,, prezygapophysis; pt, pterygoid; ptf, remnant of posttemporal fenestra; q,
quadrate; gj, quadratojugal; rap, retroarticular process; rhc, radial hemicondyle; sa, surangular;
sc, scapula; sch, septum of internal choana; sgl, scapular glenoid fossa; so, supraoccipital; sof,
suborbital fenestra; sp, splenial; sq, squamosal; sqj, quadratojugal spine; stf, supratemporal fossa;
vos, ventral osteoderm; tb, tuberculum; trf, transverse flange; vt, vertebra; uhc, ulnar

hemicondyle; 1X-XII, foramina for the 9" to 12" cranial nerves.

4. Systematic paleontology

EUSUCHIA Huxley, 1875

CROCODYLIA Gmelin, 1789 (sensu Clark in Benton and Clark, 1988)
BREVIROSTRES von Zittel, 1890 (sensu Brochu, 2003)
ALLIGATOROIDEA Gray, 1844, (sensu Brochu, 2003)
GLOBIDONTA Brochu, 1999

ORIENTALOSUCHINA Massonne et al., 2019

Genus Eurycephalosuchus gen. nov.

Etymology. From Greek eurys, wide/broad, Greek kephale, head, and Greek Sobek, the Egyptian
crocodile god, in reference to the short and broad skull of this crocodylian.

Diagnosis. A small to medium-sized alligatoroid, differing from other taxa in the unique
combination of following derived characters: Skull short and broad, nearly equal in width and

length (apomorphic); skull table remarkedly short, less than half transverse width in length
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(apomorphic); supraoccipital broadly exposed on skull roof; parietal excluded by supraoccipital-
squamosal contact from posterior (occipital) margin of skull table; exoccipitals broadly contact
each other dorsal to foramen magnum; dermal bones of skull roof overhang rims of
supratemporal fenestra; dorsoventral depth of mandible across centre of external mandibular
fenestra more than three times minimal depth of dentary behind the fourth caniniform tooth;
splenial excluded from mandibular symphysis, external mandibular fenestra small and nearly
vertical in orientation, neural spine of the 15" vertebra becoming much broader than that of the

14" and more anterior vertebrae, and both sides of scapular blade flaring dorsally.

Type species: Eurycephalosuchus gannanensis sp. nov.
(urn: Isid:zoobank.org:pub:F885DE95-18D9-4F3D-86 A7-3589E9CF7BEE)

Figs. 2-12

Holotype. IVPP V 31110. The specimen includes the skull with the mandible occluded, 14 post-
axial vertebrae, about 15 ribs, left scapula and coracoid, left humerus, and some osteoderms.
Locality and horizon. The construction site of QPM at IPST, Zhanggong District of MGC,
Jiangxi Province, China; Hekou Formation, Upper Cretaceous (Maastrichtian) (Zuo et al., 1999).
Etymology. Referring to Chinese Gannan, southern part of Jiangxi Province, where the specimen
was collected, plus -ensis, traditional suffix for specific nomina of the animal that is named after

the place where the animal was first found.

Diagnosis. As for the genus.
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Description

General features: The skull and mandible are heavily built. The skull is nearly complete
and tightly occluded with the mandible (Figs. 2-4; Fig. S1A in the online supplementary data). It
was compressed forwards, especially on its right side, so that the frontal and two prefrontals now
slightly overlap the posterior edges of two nasals and the anteromedial margin of the right
lacrimal. In addition, the frontal overlaps the anterior portion of the left postorbital posteriorly.
This forward deformation caused the size of the orbits to have shrunk smaller and the quadrate to
have moved anteriorly, being detached from the quadratojugal laterally and the jaw joint
posteriorly on the right side (Fig. 5). The forward deformation also caused the anterior edge of
the orbit to tilt deeply forward, forming an angle greater than 45 degrees between the anterior
and ventral margins of the orbit in lateral view (Fig. 3A, B). The skull is short but broad and its
left side is less affected by the forward deformation. The skull is 14.31 mm in length (from the
anterior tip of the snout to the posterior margin of the skull table), which should be added with 5
mm assumably shortened by the forward deformation of the skull as suggested by the length
reduction of the orbits, especially the right one which was obviously shortened by the lacrimal
moving backwards into it. In this case, the skull length may have reached 14.81 cm in life, being
about same to its maximal width across the quadratojugals (14.81 cm). The skull may have
reached 16.37 cm in life if it is measured from the anterior tip of the snout to the posterior end of
the quadrate condyle and then the skull is slightly longer than wide. Such a broadened skull is
unique within Orientalosuchina. The snout is correlatedly short, being only 9.63 cm long, even
shorter than its the base width of 10.12 cm (across the anterior margins of the orbits), which is

also unusual within Orientalosuchina or even Alligatoroidea. The skull table is shorter than wide
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as in other crocodylians, but it is here unbelievably short, with its length less than one third of its
width (3.55/8.55 cm), which is again peculiar within Orientalosuchina or even Alligatoroidea.

The length of the right ramus of the mandible was little affected by the forward
deformation of the skull and this ramus is 18.3 cm long, about 1.15 cm longer than the left ramus
(17.15 cm). The anterior portion of the mandible is very shallow, and the postdentary part of the
mandible is extremely deep, i.e., the minimal depth of the mandible posterior to the fourth
dentary tooth is less than 15 mm but the maximal depth across the centre of the external
mandibular fenestra reaches 49.5 mm, more than three times the minimal depth; this difference is
much stronger than that seen in Orientalosuchus naduongensis Massonne et al., 2019. External
ornamentation of the skull and mandibular elements consists of pits and coarse ridges.

Openings: It is uncertain whether the external naris is separate or confluent due to the
damage of the anterior end of the opening (Fig. 3A, B; Fig. S1A in the online supplementary
data). It is much wider than long if it is single as in Orientalosuchus naduongensis (see Table 1).
Both orbits, especially the right, are distorted by the forward deformation of the skull, although
they are obviously much larger than the supratemporal fossa. The dorsal margin of the orbit does
not rise to form a rim as in Jiangxisuchus nankangensis. The left supratemporal fossa is little
distorted, having a roughly triangular outline with a sharp angle pointing forward. It is wider
than long. All bones surrounding this fossa, except for the frontal, overhangs the margins of the
fossa, which contrasts the situation of other orientalosuchines where the relevant part is
preserved. In addition to the orbits, the infratemporal fenestrae are also heavily distorted among
skull openings. The ventral margin of the left infratemporal fenestra is nearly complete, which is
longer than the supratemporal fenestra. The choanae are divided by a lamina-like septum into

two as in other orientalosuchines where the relevant part is preserved, and the right half is
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distorted toward the left side (Fig. 4A, B; Fig. SB in the online supplementary data). Both
suborbital fenestrae are slightly distorted, bending downwards due to the forward deformation of
the skull. It is large and nearly as long as the palatine. The left is better preserved than the right;
it is much longer than wide (see Table 1). The fenestra is roughly triangular in outline and
anterolaterally-posteromedially oriented. The medial margin is nearly straight. The left external
mandibular fenestra of the mandible is nearly complete and irregularly rectangular in outline. It
is anteroventrally-posterodorsally oriented (Fig. 3A, B). This fenestra is dorsally narrow, being
dorsoventrally much deeper than anteroposteriorly wide.

Skull elements: Both premaxillae are nearly complete except for the anterior margin of
the external naris. It is longer than wide in dorsal view, with a constriction caused by a notch
present at the lateral end of the premaxillary—maxillary suture (Figs. 2A, B; 3A, B). The notch is
moderately deep in both dorsal and ventral views as well as in lateral view as in some of other
crocodylians such as Orientalosuchus naduongensis, Leidyosuchus (Wu et al., 2001) but not
Jiangxisuchus nankangensis or Dongnanosuchus hsui where the notch is dorsally and ventrally
shallow. The two premaxillae are separated by two nasals posterior to the external naris along the
midline as in Orientalosuchus naduongensis, Jiangxisuchus nankangensis, and Dongnanosuchus
hsui. The dorsal surface of the premaxilla is not elevated along the lateral margin of the naris.
The maxillary process of the bone is short, being not exceeding the posterior margin of the third
maxillary tooth, this contrasts to that in Jiangxisuchus nankangensis, Dongnanosuchus hsui, and
Orientalosuchus naduongensis. Ventrally, the premaxillae are extensively concealed by the
occlusion of the mandible. The incisive foramen is minimally exposed in the external naris (Fig.
2A, B). Itis wider than long (see table 1) as in Orientalosuchus naduongensis although its

anterior margin is slightly damaged in the former.



254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

1Z

The strap-like nasals have a pointed anterior process. Their posterior ends are covered by
the displacement of the frontals and prefrontals due to the forward deformation of the skull, but it
shows a tendency to narrow posteriorly (Fig. 2A, B). The anterior process of each nasal meets its
counterpart along the midline and enters the external naris as in Jiangxisuchus nankangensis or
Dongnanosuchus hsui or Orientalosuchus naduongensis, but it is narrower than that of the latter
three. The nasals widen slightly in the posterior direction as they approach the lacrimals. It is
uncertain whether they, from the point of contact, taper off to a wedge-shaped process that does
not directly abut its counterpart. Sutures of the nasal with the premaxilla, maxilla, lacrimal, and
prefrontal form a convex line towards the lateral side as in Krabisuchus siamogallicus and the
aforementioned three orientalosuchines. The sutural contact of the nasal with the frontal is
covered by the frontal due to the forward deformation of the skull.

The maxilla is the broadest bone on the dorsal surface of the skull among the skull
elements, being broader in dorsal view and much longer in lateral view than the two nasals (Figs.
2A, B; 3A, B). It narrows anteriorly into a wedge-shaped process, slightly constricts posterior to
the fifth maxillary tooth, and then slightly broadens in dorsal view. Posteriorly, the maxilla
sharply reduces into a process in lateral view. The maxilla possesses a small posterodorsal
process inserting between the nasal and lacrimal and terminates posterolaterally along a broadly
inclined suture with the jugal. Sutural contacts of the maxilla with the premaxilla, nasal, lacrimal,
and jugal are clear on the right side. The maxilla exhibits no significant elevations or depressions
on the dorsal surface except for two bulges just dorsal and lateral to the large fifth tooth. In
lateral view, the dental margin is strongly concavo-convex as in other orientalosuchines, such as
Dongnanosuchus hsui, forming two waves (festoons). The peak of the first wave is at the fifth

maxillary alveolus and that of the second wave is at the twelfth maxillary alveolus, which is at
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the eleventh maxillary tooth in Dongnanosuchus hsui and Jiangxisuchus nankangensis. There are
numerous small nutrient foramina dorsal to the tooth row. A fossa medial to the dentition
between the seventh and eighth maxillary alveoli is assumably present, which, as shown on the
right side, receives a dentary tooth when the jaws are closed. In palatal view, the maxillary-
palatine suture is convex toward the maxilla. The maxillary-ectopterygoid suture is concealed by
the jaw occlusion. The maxilla terminates anterior to the postorbital bar.

The right lacrimal is better preserved. It is much larger than the prefrontal, showing an
irregular outline in dorsal view (Fig. 2A, B). It is posteriorly broad and anteriorly narrow. Its
anterior margin is sharply convex, wedging into the maxilla and extending forward to
approximately the level of the seventh maxillary alveolus as in Jiangxisuchus nankangensis.
Posteriorly, it forms a narrow posterolateral process with which the lacrimal forms much of the
anterior and anteroventral borders of the orbit. Medially, the right lacrimal is overlapped by the
prefrontal, but the left lacrimal shows a strongly convex sutural contact with the nasal and
prefrontal.

The left prefrontal is better preserved than the right one. It is roughly triangular in dorsal
view (Fig. 2A, B). Its sutural contact with the lacrimal is nearly straight. Its sutures with frontal
and nasal are obscured due to the anterior displacement of the frontal. Posteriorly, the prefrontal
forms the anteromedial margin of the orbit.

The unpaired frontal is broken into four pieces so that its pointed anterior process is
displaced towards left side and its posterolateral portion slightly overlaps the anterior portion of
the left postorbital and the main body of the frontal on the right side (Fig. 2A, B). As in other
orientalosuchines where it is known, the frontal broadens posteriorly and makes a modest entry

into the supratemporal fossa posterolaterally. The dorsal surface of the frontal is gently concave.
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The frontal-parietal suture is concavo-convex towards the parietal (Fig. 2C, D). As displayed by
the right side, the frontal contributes a small portion to the dorsal margin of the orbit. The
interorbital septum is moderately broad, slightly broader than the interfenestral septum of the
parietal as in Dongnanosuchus hsui. The frontal-postorbital suture, as shown on the right side, is
slightly oblique and gently concavo-convex.

The right postorbital is nearly complete, comprising a dorsal body that is roughly
rectangular and bears a pointed anteromedial process and a slender descending process forming
the dorsal half of the postorbital bar (Figs. 2A, B; 3A, B). The dorsal surface of the body is flat
and forms the rounded anterolateral corner of the skull table. It borders the posterodorsal margin
of the orbit anteriorly and the anterolateral margin of the supratemporal fossa posteriorly.
Posteromedially, the postorbital contributes a small portion to the supratemporal fossa in which it
meets the anterolateral corner of the parietal as in Jiangxisuchus nankangensis and
Dongnanosuchus shui. The descending process is broken into two pieces on both sides; it
appears to be columnar dorsally and inset medially from the skull table. It flattens ventrally and
passes lateral to the ascending process of the jugal (Fig. 3C, D). It is uncertain whether the
postorbital contacts the quadrate on the ventral surface of the skull table as in some
orientalosuchines such as Dongnanosuchus hsui.

The single parietal is laterally concave in the skull roof and forms the medial floor of the
supratemporal fossa (Fig. 2). It does not rise to form an elevated rim around but overhangs the
medial margin of the fossa. The interfenestral bar is slightly narrower than the interorbital bar as
in Dongnanosuchus hsui. The parietal contacts the quadrate broadly within the supratemporal
fossa but is excluded by the quadrate from the squamosal in the fossa as in Jiangxisuchus

nankangensis and Dongnanosuchus hsui (Fig. 2C, D). The parietal contacts the squamosal
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posterolaterally and the supraoccipital posteriorly. The parietal-squamosal suture is nearly
straight and the parietal-supraoccipital suture exposed on the skull roof. The dorsal surface of the
parietal is gently concave.

The right jugal is nearly complete, being typically triradiate in dorsolateral view (Fig. 2A,
B). Its anterior ramus is much broader than, but slightly shorter than the posterior ramus. The
former is similar to the latter in length in Dongnanosuchus shui. It slightly narrows and inserts
between the maxilla and lacrimal anteriorly. The jugal widens posteriorly, reaching its maximum
dorsoventral width at the lateral orbital margin, at which point the anterior ramus becomes
narrower until it reaches the end. The jugal extends to the quadratojugal anterior to the
posteroventral corner of the infratemporal fenestra dorsolaterally while it reaches the
quadratojugal anterior to the mandibular condyle ventrolaterally. The jugal forms the
posteroventral margin of the orbit and the anterior two-thirds of the ventral margin of the
infratemporal fenestra in dorsal view. The infratemporal bar is broad and lateromedially thin.
The cylindrical ascending process of the jugal is inset from the surface of the bone and extends
dorsally. The process is disarticulated with the descending process of the postorbital dorsally on
both sides and it should have formed the lower portion of the postorbital bar in life.

The right quadratojugal is nearly complete except for the anterodorsal end (Fig. 3E, F). It
bears a short spine with its distal tip missing. The spine is high in position and is situated
between the posterior and superior angles of the infratemporal fenestra. In orientation, the spine
is nearly parallel to the posterior margin of the fenestra as in some alligatoroids, such as
Brachychampsa montana (Brochu, 1999: fig. 25D). The presence of the quadratojugal spine is
not reported in other orientalosuchines. The anterior (jugal) process is short and joins the

formation of the posterior quarter of the infratemporal bar in dorsal view (Fig. 2A B). In other
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orientalosuchines where the relevant part is complete, this process is absent in dorsa view, and
the ventral margin of the infratemporal fenestra is entirely formed by the jugal. In lateral view,
the anteroventral portion is ornamented by pits and extends posteriorly nearly to the lateral
condyle of the quadrate, while the posterodorsal portion is unornamented and narrows dorsally,
forming the posterior margin of the infratemporal fenestra. The incompleteness of the
posterodorsal extremity leads to an uncertainty if the quadratojugal meets the postorbital or not
along the dorsal border of the infratemporal fenestra in life. The quadratojugal-quadrate suture is
nearly straight, running anterodorso-posteroventrally as in other orientalosuchines.

The triradiate squamosal forms the posterolateral margin of the supratemporal fossa in
dorsal view (Fig. 2). It contacts the postorbital anteriorly, passing below the latter and ending
posterodorsal to the base of the postorbital bar as in other orientalosuchines where the relevant
part is complete. The squamosal does not enter the dorsal margin of the infratemporal fenestra as
in Dongnanosuchus shui (Fig. 3C, D). The squamosal extends laterally over the otic aperture to
form a deep otic recess and forms the dorsal roof and posterior wall of the aperture itself. In
lateral view, the squamosal exhibits a groove for the external ear valve musculature, which
traverses the squamosal from its posterior region to the postorbital. The dorsal margin of the
groove is straight anteroposteriorly, and the ventral margin of the groove is convex, which differs
from that in Jiangxisuchus nankangensis, Dongnanosuchus hsui, and Orientalosuchus
naduongensis where the dorsal and ventral margins are parallel. The dorsal one appears inflated
and overhangs the ventral one as in the above three orientalosuchines. The squamosal contacts
the parietal behind the supratemporal fossa. Its posterolateral process is well developed, and its

dorsal surface is nearly flat. The process extends posterolaterally and terminates as a vertically
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oriented and unornamented lamina-like structure against the paraoccipital process of the
exoccipital posterolaterally and the dorsal surface of the quadrate body ventrally.

Both quadrates are complete (Figs. 2-5). The are complex bones, forming the anterior and
ventral margins of the otic recesses. As in other crocodylians or other orientalosuchines, the
dorsal and posterior margins of the recess are formed by the squamosal; the quadrate-squamosal
suture extends anterodorsally to the posterolateral corner of the recess (Fig. 3C, D). The dorsal
surface of the quadrate body is not ornamented and the dorsal prominence, with the squamosal
anteriorly and paraoccipital process posteriorly, encloses the cranio-quadrate foramen medially
(Fig. 5A, C). The position of the foramen aéreum is close to the medial margin of the bone as in
Jiangxisuchus nankangensis, Dongnanosuchus hsui, and Orientalosuchus naduongensis. The
lateral condyle is slightly larger than the medial condyle. In dorsal view, the anterodorsal process
of the quadrate narrowly enters the orbito-temporal foramen within the supratemporal fossa,
which excludes the squamosal from contacting the parietal in the fossa as in Jiangxisuchus
nankangensis, Dongnanosuchus hsui, and Orientalosuchus naduongensis (Fig. 2C, D).
Ventrally, the quadrate is concave and crests A and B of lordansky (1973) for the attachments of
adductor muscles are well developed. The quadrate extends mediodorsally to meet the pterygoid
and, together, underlies the basisphenoid medially.

Palate: The paired palatines are relatively small and slightly shortened by the forward
deformation of the skull (Fig. 4A, B). The suborbital fenestra is large, and its long axis is even
slightly longer than the palatine as it is in Jiangxisuchus nankangensis, Dongnanosuchus hsui,
and Orientalosuchus naduongensis. The palatines make the medial margin of the suborbital
fenestrae except for the anteromedial and posteromedial portions. The bone is posteriorly narrow

and widens toward its anterior end. It then narrows anteromedially. Its suture with maxilla is
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nearly straight and runs anteromedially. Its suture with the pterygoid is located anterior to the
posterior-most level of the suborbital fenestra as in Dongnanosuchus hsui, and Orientalosuchus
naduongensis.

The pterygoid is large and broad. Fig. 4A, B). Its suture with the counterpart anterior to
the internal choana is obscured by fractures. In ventral view, its anterior portion is relatively
narrower than its posterior portion. The flange is massive and extends posteriorly to form a
pronounced posterolateral process (Fig. S1B in the online supplementary data), the latter slightly
bends anteriorly now due to the forward compression of the skull and should have projected to a
level eventually posterior to the posteromedial processes as in other orientalosuchines, such as
Dongnanosuchus hsui. The posteromedial process is small but well marked, overhanging the
braincase in ventral view. The internal choanae are located at the posterior half of the pterygoid
and divided by a thin septum that is inset from the surface on which the choanae open to join the
pharyngeal cavity. The surface lateral to the choanae is depressed and no evident crest surrounds
the choanae as in Jiangxisuchus nankangensis and Dongnanosuchus hsui. Posterodorsally, the
pterygoid underlies the basisphenoid and meets the quadrate. Anteroventrally, the divided
pterygoids contribute to the medial part of the posterior margin of the suborbital fenestra and
send a short process to join the formation of the septum between the suborbital fenestrae as in
Dongnanosuchus hsui and Orientalosuchus naduongensis. In posterodorsal view, the transverse
flange is very concave (Fig. S2A, B in the online supplementary data).

Both ectopterygoids are not visible in dorsal view but their pterygoid processes are
completely in ventral view (Fig. 4A, B). The pterygoid process tapers off distally and extends
posteroventrally along the lateral margin of the pterygoid flange, but it does not reach the caudal

end of the flange, about 8 mm apart from the end. The waisted portion between the maxillary and
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pterygoid processes is broader than the narrowest part of each palatine, but not as broad as in
Dongnanosuchus hsui in which it is broader than the narrowest parts of two palatines (Shan et
al., 2021: fig. 3.3, 3.4). Anteromedially, the ectopterygoid forms the posterolateral margin of the
suborbital fenestra. Anterolaterally, the maxillary process forms the posterolateral margin of the
suborbital fenestra, and its relationship with the maxillary alveolar groove is unknown due to the
jaw occlusion. Posterolaterally, the jugal process of the left ectopterygoid is complete, it is short
and reaches to the base of the descending ramus of the jugal (Fig. S2A, B in the online
supplementary data).

Braincase: The supraoccipital is large and broadly exposed on the skull roof so that the
parietal is excluded by the supraoccipital from the occipital edge of the skull roof as in
Orientalosuchus naduongensis (Figs. 2A, B; 5A, B). The supraoccipital-parietal suture is
convex, protruding forward into the parietal. The supraoccipital appears irregularly pentagonal in
occipital view. It bears a pronounced median ridge, running ventrally along the most part of the
bone. The dorsal edge of the bone is convex and joins the formation of the thickened posterior
edge of the skull roof, which overhangs the occiput. Ventrally, the supraoccipital does not enter
the foramen magnum, about 9 mm apart from the latter. Sutures of the bone with the parietal,
squamosal, and exoccipital are clearly marked. There is a small fossa/depression where these
bones meet, which may have indicated the place where the posttemporal fenestra was present
before the skull reached the adulthood.

The large exoccipitals form the considerable portion of the occiput and enclose the
foramen magnum laterally and dorsally, separating the supraoccipital from the foramen (Fig. 5A,
C). The exoccipitals are transversely divided into a large upper portion and a small lower

portion. The upper portion is noticeably convex along its dorsal margin. The healed paraoccipital
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process is stout and extends laterally to reach the posterolateral-most portion of the squamosal.
The lower portion is inset from the surface of the bone; it is dorsoventrally narrow and
lateromedially short. Laterally, the lower and upper portions of the exoccipital form the medial,
dorsal, and ventral margins of the cranio-quadrate foramen. Medially, the lower portion
dorsoventrally broadens and bears three foramina lateral to the foramen magnum and one
foramen ventrolateral the occipital condyle. The dorsal-most foramen in occipital view is the
largest and identified as for the exit of skull nerve XII. The two closely positioned and slightly
lateral and anterior to the former are the exits of skull nerves IX to XI. The one ventrolateral to
the condyle is for the exit of the internal carotid artery. Sutures of the exoccipital with
surrounding bones (the squamosal, supraoccipital, basioccipital, and quadrate) are clearly
marked.

The basioccipital is incomplete, especially the condyle (Fig. 5A, C). The condyle was
heavily damaged, although it is certain that its slightly concave dorsal surface forms the floor of
the braincase chamber. The plate portion is nearly vertical, and its posterior surface is weakly
concave, showing a well-marked median ridge from the base of the plate down to the margin of
the median exit of the Eustachian tube. The vertical plate slightly broadens first and then
gradually narrows ventrally. It encloses the posteromedial margin of the lateral exit in addition to
the posterior margin of the median exit of the Eustachian tube.

The basisphenoid is exposed limitedly. It is exposed between the pterygoid-quadrate
connection and the basioccipital in lateral view and between the pterygoid and basioccipital in
occipital view (Fig. 5A, C). It forms the anterolateral margin of the lateral exit and the anterior

margin of the medial exit of the Eustachian tube.
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Morphological features are not available for the laterosphenoid and prootic due to the
coverage of matrix.

Mandibular elements: The left ramus of the mandible is nearly complete and the
damaged part of its posterodorsal end can be replenished by the right ramus (Figs. 3A, B; 4; 5C,
E). All the bones comprising the mandible are well-exposed in lateral view but limited in medial
view because the mandible is tightly occluded with the skull.

The dentary is complete, being anteriorly shallow and posteriorly deep (Figs. 3A, B; 4A,
B). The dentaries form the entire symphysis as in Jiangxisuchus nankangensis and
Orientalosuchus naduongensis. The symphysis most likely reaches to the level of the sixth
dentary tooth posteriorly. The dentary is broadest across the fourth dentary teeth in ventral view
and the symphyseal portion seems to be dorsoventrally shallow. In lateral view, the dental
margin is strongly concavo-convex as is the upper jaw and the posterior margin (suture) with the
angular is concavo-convex, forming the anterior edge of the external mandibular fenestra
dorsally. The posterodorsal suture with the surangular is gently convex toward the latter.

Both splenials are nearly complete except for the posterior ends (Fig. 4A, B). In medial
view, the bone is anteriorly narrow and posteriorly broad (Fig. S2C in the online supplementary
data). It does not join the formation of the mandibular symphysis anteriorly and its anterior end
is forked, with the ventral fork longer than the dorsal one (Fig. S2D, E in the online
supplementary data). This feature is similarly present only in Jiangxisuchus nankangensis among
the known orientalosuchines where the splenial is complete, but the anterior end is much more
deeply forked in the latter (Li et al., 2019: fig. 6E, F). There is not any foramen on the medial
surface of the splenial body. Posterodorsally, the splenial-coronoid suture is not exposed.

Posteroventrally, the splenial encloses the anterodorsal border of the foramen intermandibularis
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caudalis, which is large and elliptical as in Orientalosuchus naduongensis and Dongnanosuchus
hsui. The splenial-dentary suture is nearly straight and the right splenial is detached nearly along
its total length.

The left surangular is nearly complete (Figs. 3A, B; 4C, D), and its missing part that joins
the formation of the retroarticular process is complete in the right one (Fig. 2A, B). In lateral
view, the surangular forms the upper half of the posterior part of the mandible. Anteriorly, two
processes are nearly equal in length and the dorsal/medial one borders the dentary tooth row
lingually as in in Jiangxisuchus nankangensis. However, the dorsal one is differently much
longer than the ventral/lateral one in the latter species (Li et al., 2019: fig. 6G, H),
Orientalosuchus naduongensis (Massonne et al., 2019: fig. 9A, B), and Krabisuchus
siamogallicus (Martin and Lauprasert, 2010: fig. 2C, D). Posterodorsally, the surangular thickens
and is not ornamented (Fig. 4C, D). Posteriorly, the surangular narrows considerably posterior to
the mandibular glenoid and tapers into a laterally unornamented sharp process that extends
nearly to the end of the retroarticular process (Fig. 5A, B). The lateral surangular—angular suture
is gently convex towards the angular. Medially, the surangular—angular suture meets the articular
nearly at the ventral end and the surangular-articular suture is simply straight (Fig. 5B, D).

The left angular is nearly complete, forming the posteroventral part of the mandible
(Figs. 3A, B; 4). Its posteroventral portion is unornamented and narrows into a process,
extending to the posterior end of the retroarticular process. As is the case for the surangular, the
unornamented region at the posterior-most end served for the insertion of the m. pterygoideus
posterior as in extant forms. Anteriorly, the bone forms the posteroventral margin of the external
mandibular fenestra where it becomes dorso-ventrally deepest; and it abruptly tapers into a

process underlying the dentary further anteriorly. In medial view, the anteroventral end of the
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angular is forked, forming the posteroventral border of the foramen intermandibularis caudalis
(Fig. S2C in the online supplementary data). The relationship of the angular with the coronoid
posterodorsal to the foramen is unknown due to the tight occlusion of the mandible with the
skull. In medial view, the anterior part of the angular rises to form the medial wall of the deep
adductor chamber (Fig. 5B, D).

Both articulars are nearly complete, the retroarticular process of the right and the anterior
part of the left are better preserved (Figs. 2A, B; Fig. 5B, D). In dorsal view, the retroarticular
process is fully exposed. It is roughly triangular in outline and narrows into a ball-shaped end
posteriorly. The dorsal surface of the process is deeply concave, with a week but broad
prominence along the length of the process (Fig. 4C, D). The foramen aérum usually present at
the extreme lingual margin or in from the margin of the retroarticular process in crocodylians is
obscured due to fractures. The ventral surface of the retroarticular process is ached and deeply
troughed (Fig. 4A, B). The glenoid portion is the broadest part of the bone and about 17 mm in
length. The anterior part extends anteroventrally against the medial surfaces of the angular and
surangular while slightly narrowing mediolaterally. Both the dorsal and medial surfaces of the
anterior part are slightly concave. As mentioned earlier, the sutures of the articular with
surrounding bones are very clear.

The coronoid is not visible due to the tight occlusion of the mandible with the skull.

Dentition: The dentition of the left premaxilla is complete, bearing five teeth (Fig. 6A).
Of the five teeth, the 5™ is the smallest, the 1%t and 2" are nearly same in size and slightly larger
than the 5. The 3" and 4" teeth are comparable in size, being much larger than the other three
(Fig. S1C in the online supplementary data). The labiolingually flattened crowns of the

premaxillary teeth are divided by weak carinae that have no serrations. The labial surface is
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convex, and the lingual surface is concave. There are some subdued striations on the labial
surface, converging towards the distal apex.

The complete dentition of the maxilla consists of 14 teeth based on the preserved on both
sides. The 7" tooth of the left maxilla is missing and the posterior-most two teeth of the right
maxilla are obscured by the occlusion of the mandible with the skull. The 1% maxillary tooth is
the smallest, even slightly smaller than the 5" premaxillary tooth (Fig. 6C). The teeth posterior to
the first enlarges quickly untill to the huge, caniniform 5™ tooth; the latter with a crown about 22
mm long and 8.5 mm wide at the base as well as convex anterior edge and concave posterior
margin. The 6" is slightly larger than the 7% and both are much smaller than the 5 caniniform,
even smaller than the 4" tooth (Fig. 6C, D). The 8" tooth is comparable to the 7th in size, but the
former is weaky necked at the base (Fig. 6E). The teeth posterior to the 8" are all necked. The 8"
to 11" teeth is similar in shape but they become lager and lager in size posteriorly. The crowns of
the 12 to 14" teeth are strongly necked at the base and bulb-shaped in lateral view and their
sizes decrease posteriorly so that the last (14'") appears around half the 11" in size (Fig. 6F). The
anterior teeth that are not constructed or necked at the base are comparable to the premaxillary
teeth in morphology. Those teeth with necked base are much less labiolingually flattened and
their labial and lingual surfaces are not well divided, and the posterior teeth with bulb-shaped
crown may have had a cross-section nearly round.

The dentary dentition is extensively covered by the upper jaw (Fig. 3A, B). Anteriorly, a
large caniniform tooth fitting into the premaxillary-maxillary notch is identified as the 4™ dentary
tooth (Fig. 6B), which is the case in other orientalosuchines such as Dongnanosuchus hsui and
Orientalosuchus naduongensis. The crown of the 4™ caniniform is comparable to that of the 5%

maxillary tooth in both length and basal width and it is also recurved lingually and slightly
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posteriorly. Among the other dentary teeth, a tooth at the peak of the second dental wave is
slightly smaller than the 4™ tooth and it is identified as the 12" dentary tooth as in Jiangxisuchus
nankangensis. The distal tip of this tooth fits into a pit of the maxilla between the 7" and 8™
maxillary teeth (Fig. 6D, E). In addition, the basal parts of the posterior five teeth are visible on
left side in lateral view (Fig. 6F). Their sizes are comparable to those of the correlated teeth of
the upper jaw, probably indicating a similar morphology as described for the latter earlier.

Vertebral column: The first 16 vertebrae are preserved although some of them are
incomplete. Their centra are strongly procoelous. The atlas is represented by only the right half
of the neural arch (Fig. 5A, C, E, F). The half neural arch appears complete and is stacked on the
dorsal surface of the transverse flange of the right pterygoid. It shows its medial surface, with a
knob-like base that should sit on the anterolateral side of the atlantal centrum and a thin dorsal
part to meet its counterparts from the opposite side. The medial surface of the dorsal part is very
concave, bearing a short prezygapophysis to receive the proatlas in life. The posterodorsal
margin of the neural arch is very concave, bearing a pronounced postzygapophysis as in extant
alligators, such as Alligator sinensis (Cong et al., 1998: fig. 72B).

The axis is also stacked on the dorsal surface of the pterygoid (Fig. 5A, C). The neural
arch is extensively damaged so that the neural canal is dorsally open (Figs. 5E, F; S3A, B).
Suture between the odontoid process and the axial centrum is obscured due to fusion, indicating
that the specimen represents an adult individual (Brochu, 1996). With the odontoid process, the
axial centrum is about 2.51 cm long (Table 1). The odontoid process is slightly convex
anterodorsally, nearly flat dorsally, and concavo-convex laterally. The knob-like prominence on

the anterolateral side of the odontoid process should be the parapophyseal process for the second
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cervical rib. The axial centrum is laterally concave and posteriorly convex, being typical
procoelous. Ventrally, the hypapophysis is pronounced although it is slightly damaged.

The 3 and 4™ cervical vertebrae are detached from the preserved section of the vertebral
column. The 3™ cervical is nearly complete and its corresponding ribs are still attached (Fig. 7).
Its centrum is about 18.1 mm long. Its neural spine is anteroposteriorly narrow, with its distal tip
missing. As shown by the cross-section, the posterior margin of the spine is much thicker than
the anterior margin and bears a groove. The parapophysis is typically very low, sitting at the
anteroventral margin of the centrum and facing ventrolaterally. The diapophysis on the neural
arch is short and faces ventrolaterally. The right prezygapophysis is complete and directs
anterodorsally and slightly laterally. Both postzygapophyses are incomplete and face
ventrolaterally. In lateral view, the centrum is very concave and its suture with the neural arch is
visible in places. The ventral surface of the centrum is also concave and bears a weak midline
ridge posterior to the pronounced hypapophysis. The 4" cervical is well-preserved, with its
neural spine missing (Fig. 8A-H). Its centrum is slightly longer (19.8 mm) than the 3" and
laterally very concave. There is no midline ridge posterior to the pronounced hypapophysis on
the ventral surface which is concave. The parapophysis is still low in position, sitting at the
anteroventral margin of the centrum and facing ventrolaterally while the diapophysis is relatively
longer than that of the 3" cervical. The preserved base indicates that the neural spine is similarly
narrow as in the 3™ cervical. The centra of the two vertebrae are strongly procoelous as in more
posterior vertebrae (Figs. 7-9).

The articulated vertebral column contains 12 vertebrae from the 5 to the 16" vertebrae
including five cervical and dorsal vertebrae when the 9™ vertebra is considered as the last

cervical as in extant alligators (Fig. 9, Fig. S4 in the online supplementary data). Compared with
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the 3 and 4™ cervical vertebrae, there are following changes in the 12 vertebrae. The centrum
slightly increases in length (see Table 1); the parapophysis gradually moves dorsally and
posteriorly until it moves onto the neural arch at the 12™" vertebra where it abuts the anterior side
of the base of the diapophysis (Fig. 81, J), and then the two structures get closer and closer until
they merge as a single process, the transverse process, in more posterior dorsals; the
hypapophysis is present until to the 13" vertebra as in Alligator sinensis (see Cong et al., 1998:
fig. 74); and the neural spine becomes anteroposteriorly broad in posterior vertebrae (Fig. S3C-F
in the online supplementary data), that of the 15" vertebra being much broader than that of the
14" and more anterior vertebrae. In contrast, the neural spine becomes anteroposteriorly broad in
the 12" vertebra and more posterior vertebrae in Alligator sinensis. The dorsal ends of the
complete neural spines of the 12 vertebrae all broaden into a table to receive the dorsal
osteoderms as in extant forms.

Ribs. As mentioned earlier, the 3" cervical bears ribs, of which the left rib is better
preserved than the right. The rib is typically tri-headed with the anterior tip of the free anterior
process missing and posterior end incomplete (Fig. 7). The capitulum is shorter but thicker than
the tuberculum. The rib is laterally convex and medially concave. The 9" cervical rib is elongate
and double-headed as in extant alligators such as Alligator sinensis (Cong et al., 1998: fig. 82). It
is morphologically very similar to the 1% dorsal rib except its shaft that is thinner than that of the
latter (Figs. 9, S4). The other dorsal ribs are incomplete, but the tuberculum becomes shorter and
shorter until it merges with the capitulum into a single process in the posterior dorsal ribs.

Osteoderms. There are three kinds of disarticulated osteoderms preserved (Fig. 10A).
Many of them are square-shaped and belong to dorsals (Fig. 10B-D). The dorsal surface of the

osteoderms bears large and shallow pits and possess a weak keel along the midline. The lateral
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and medial sides of the dorsal osteoderms show articular facets for neighbour osteoderms, which
indicates there were more than two rows of paramedian dorsal osteoderms. No articular faces
occur on the anterior and posterior sides of the dorsal osteoderms, which suggests that the dorsal
osteoderms overlap rather than articulate their posterior neighbours. This is also supported by the
presence of a flat, unsculptured area along the anterior margin of the dorsal osteoderms. The
ventral surface of the dorsal osteoderms is smooth and transversely concave (Fig. 9). Three
dorsal osteoderms of Jiangxisuchus nankangensis are preserved in ventral view but articular
sutures only occur on two rather than four sides (Li et al., 2019: fig. 2), which indicates that
Jiangxisuchus nankangensis had more than two rows of paramedian dorsal osteoderms that were
most probably arranged in the same pattern as seen here. Our examination of a nearly complete
osteoderm (IVPP V 2716-7) indicates that the dorsal osteoderms are more than two rows and
similarly arranged in Eoalligator chunyii based on the presence of a flat, unornamented area
along the anterior margin and articular faces only occurring on two sides of the osteoderm (also
see Wang et al, 2016: fig. 7G). These features are also true in the preserved dorsal osteoderms of
Krabisuchus siamogallicus (see Martin and Lauprasert, 2010: fig. 8), demonstrating the presence
of multiple rows of the dorsal osteoderms being arrangement similarly in this form. The
preserved dorsal osteoderms of Orientalosuchus naduongensis are too fragmentary to determine
whether the dorsal osteoderms had multiple rows and were arranged differently in this form
(Massonne et al., 2019: fig. 20). There are some small and irregular oval osteoderms preserved
(Fig. 9), but only one is complete (Fig. 10F). These small osteoderms should cover the lateral
side of the body or dorsal side of the limbs as in extant crocodylians such as Alligator sinensis
(Cong et al., 1998: fig. 4). As shown by the complete oval osteoderm, these small osteoderms are

well sculptured and bears a midline ridge. There are three, incomplete ventral osteoderms
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preserved (Fig. 9). The ventral osteoderms are flat both externally and internally and ornamented
with small pits externally and smooth internally (Fig. 10E).

Pectoral girdle. We believe that the small left pair of the scapula and coracoid belongs to
the new orientalosuchine, Eurycephalosuchus gannanensis based on the comparable length ratio
between the coracoid and the dorsal vertebrae obtained from extant alligators. In Alligator
sinensis for example, the length ratio between the coracoid and the centrum of the 14" vertebra
reaches about 1.67 (Cong et al., 1988: figs. 83, 74), which is close to that (about1.62) measured
from the small coracoid to the complete 14" vertebra (See Table 1). In contrast, this ratio would
reach 2.25 when the big coracoid is compared to the 14" vertebra. As for the length ratio of the
coracoid to the skull, it is 0.253 for the small coracoid but 0.353 for the big coracoid. This ratio
again supports the above conclusion that the small coracoid with the scapula belongs to the new
species because this length ration is comparable to that of Alligator sinensis, close to 0.274
calculated based on I\VVPP #27 with a coracoid length of 3.7 cm and a skull length of 13.5 cm
(Cong et al., 1998: a table on page 178). It is true that the length ratio of the coracoid to the skull
varies with growth in Alligator sinensis, but the range of the variation with growth does not
exceed 0.03% within a growth series of five individuals with a coracoid length from 3.2 t0 5.3
cm and a skull length from 12.1 to 18.7 cm (Cong et al., 1998).

The scapula and coracoid of the small pair are disarticulated but they are only one
centimeter apart from each other (Figs. 9, S5A). The scapula is incomplete, lacking the distal end
of its blade, but the preserved portion is relatively broader than the corresponding part of the
scapula of the big pair (Fig. 11A, B, E, F). The blade shows a trend to flare distally as in forms
such as Orientalosuchus naduongensis which has the part preserved. The blade is strongly

constricted just dorsal to the acromial crest on the anterolateral margin, with a minimal width of
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12.1 mm that is even slightly bigger than 11.3 of the big scapula. The acromial crest is sharp and
thin as in other orientalosuchines where it is known, such as Krabisuchus siamogallicus. The
lateral surface is gently convex but becomes concave posteroventral to the acromial crest.
Medially, the scapula is weakly concave. The anterior margin and the ventral third of the
posterior margin are very concave. Posteroventrally, the scapular part of the glenoid is slightly
concave. The articular facet for the coracoid is posteriorly very thick but anteriorly thin (Fig.
111). The scapula may have reached a length (height) of about 5.69 cm when it is complete if the
length ratio (1.52) of the large scapula to the large coracoid is taken as a basis of comparison.

The small coracoid is nearly complete, with both ends slightly damaged, especially at the
posterodistal side in external view (Fig. 11G, H, I). It is slightly different from Orientalosuchus
naduongensis in which the anterior margin of the bone is more concave. External surface of the
small coracoid is convex but its posteroventral surface just distal to the articular facet for the
scapula is concave. As in the scapula, the posterior portion of the articular facet between the
coracoid and scapula is much thicker than the anterior portion. The coracoid portion of the
glenoid is smaller than the scapular portion and its surface is nearly flat. The coracoid foramen is
well developed and situates in the anteroventral part of the bone. It appears that the proximal end
is clearly broader than the distal end although the latter is incomplete, which contrasts that of
Orientalosuchus naduongensis in which both ends are similar in breadth (Massonne et al., 2019:
fig. 14M, N).

The interclavicle is slightly damaged in places (Figs. 9, S5A). It is elongate, straight, and
sword-shaped in outline. The anterior end and mid portion of the bone are slightly broader than

other portions as in Stangerochampsa mccabei (Wu et al., 1996: fig. 3 in plate 2). It tapers off
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into a narrow process posteriorly. Its lateral margins are much thinner than its middle portion
throughout its entire length.

Limbs. The left humerus is the only limb bone preserved (Fig. 12). It is nearly complete,
about 85.7 mm long. With the deltopectoral crest and the medial condyle of the distal end
slightly damaged. The distal end is relatively much narrower than the proximal end even if the
medial condyle is complete (Fig. 12A, G). This contrasts the condition seen in alligatorids such
as Stangerochampsa mccabei where both ends broaden similarly (Wu et al., 1996: figs. 4-7 in
plate 2). In other aspects, the humerus is comparable to that of alligatorids including extant
alligators such as Alligator sinensis, with a well-developed deltopectoral process (see Cong et 1.,

1998: fig. 84).

Brevirostres von Zittel, 1890 (sensu Brochu, 2003)

Gen et sp. indet.

Fig. 11B-D, F, J.

Specimen. IVPP V 31267. Articulated right pair of scapula and coracoid mixed up with the
specimen (IVPP V 31110) of Eurycephalosuchus gannanensis.

Locality and horizon. The construction site of QPM at IPST, Zhanggong District of MGC,
Jiangxi Province, China; Hekou Formation, Upper Cretaceous (Maastrichtian) (Zuo et al., 1999).
Comments. As mentioned earlier, IVPP V 31267 was treated here as belonging to an individual
of another species other than Eurycephalosuchus gannanensis in terms of the bigger size and

some morphological differences. This may be also supported by another line of evidence, i.e., the
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pattern of its preservation. IVPP V 31267 and IVPP V 31110 are preserved a single block of
about 40 cm in length. The former is mixed up with the articulated section of the vertebral
column of the latter. In detail, IVPP V 31267 is attached to some dorsal osteoderms of IVPP V
31110 rather than to the vertebrae or ribs below (Figs. 9, S4A, S5A), while the scapula of VPP
V 31110 is normal, attaching to the vertebrae or ribs (Fig. S4B in the online supplementary data).
Therefore, the articulated right scapula and coracoid of IVPP V 31267 were washed by running
water onto the vertebral column of IVPP V 31110 before they were covered by deposits. In
taxonomy, IVPP 31267 cannot represent another species of Eurycephalosuchus based on
comparison with the two extant species of Alligator. The scapula is morphologically very similar
in the two species (Alligator mississippiensis and Alligator sinensis), with both sides of the blade
being subparallel dorsally (Brochu, 1999: fig. 51F; Cong et al., 1998: fig.83). In contrast, the
sides of the scapular blade broadly flares dorsally in Eurycephalosuchus gannanensis (IVPP V
31110) but they are subparallel in IVPP V 31267. Jiangxisuchus nankangensis was also collected
from the formation that yielded IVPP V 31110 and IVPP V 31267. However, this taxon does not
have the pectoral elements available for comparison. Therefore, it was difficult to assign IVPP V
31267 to Jiangxisuchus nankangensis with any certainty although it cannot be ruled out that
IVPP V 31267 might come from an individual of this species. At the present, we’d better identify

IVPP V 31267 as an undetermined brevirostrine (see the phylogenetic part below).

Description
The right scapula is only missing the posterodistal portion of its blade (Figs. 11B-D, F;
S5B). Itis still articulated with the coracoid of the same side. The distal end of the dorsal blade is

slightly broadened as in the extant Alligator sinensis (Cong et al., 1998: fig. 83) or Alligator



733

734

735

736

737

738

739

740

741

742

743

744

745

746

747

748

749

750

751

752

753

754

755

33

mississippiensis (Brochu, 1999: fig. 51F), differing from the much more expanded condition
seen in Eurycephalosuchus gannanensis (Fig. 11A, E) or in some alligatorids such as
Stangerochampsa mccabei from the Upper Cretaceous of Alberta (Wu et al., 1996: fig.1, 2 in
Plate 2). The blade is less constricted near its base than that of the latter taxa. As in
Eurycephalosuchus gannanensis, the acromial crest is pronounced. The lateral surface is gently
convex and the area posteroventral to the acromial crest is concave as in other alligatoroids.

The right coracoid is complete but full of cracks (Figs. 11C, D, J; S5A, C). It is relatively
short when compared with that of the living alligators such as Alligator sinensis, i.e., about 2/3
(66% of) the scapular length in the former while at least over 71% of the scapula length in the
latter (see Cong et al., 1998: tables on pages 176 and 178). The anterior margin is much less
concave than that of Eurycephalosuchus gannanensis and Orientalosuchus naduongensis or of
the living Alligator sinensis but the posterior margin distal to the broadened proximal part is
slightly convex as in Eurycephalosuchus gannanensis and Orientalosuchus naduongensis
(Massonne et al., 2019: fig. 14M, N). The distal end is evidently narrower than the proximal end
as in Eurycephalosuchus gannanensis, which is not comparable to that of Orientalosuchus
naduongensis or the living Alligator sinensis, i.e., both ends are similarly broadened in the
former and the distal end is even slightly broader than the proximal end in the latter. In external
view, the proximal portion, just anterior to the glenoid, is concave while the distal portion is
slightly convex. The coracoid foramen is well-developed and situates near the proximal margin
of the bone. The coracoid part of the glenoid is smaller than the scapular portion as in

Eurycephalosuchus gannanensis.

5. Comparison
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As suggested by the following phylogenetic analyses, Eurycephalosuchus gannanensis is
an orientalosuchine so that we compare it with the other taxa of Orientalosuchina first, especially
those taxa that have not been compared in the description with the new species, and then with
other crocodylians possessing a short snout from the Upper Cretaceous and the Eocene of China.

The orientalosuchine Eoalligator chunyii is from the lower Paleocene of the Nanxiong
Basin of Guangdong (about 120 km southwest of Shahe Town). Eurycephalosuchus gannanensis
clearly differs from Eoalligator chunyii; in the latter taxon, the premaxillary-maxillary notch is
absent, the supratemporal fenestra is evidently rimed, and the parietal contributes to the occipital
edge. As described earlier, Eurycephalosuchus gannanensis cannot be compared with
Jiangxisuchus nankangensis in many features, the most striking of them include the short and
broad skull profile, unusually short skull table, the exclusion of the skull from the occipital edge,
and the entrance of the splenial into the mandibular symphysis. Compared with Dongnanosuchus
hsui from the Middle Eocene of Maoming, Guangdong (about 650 km southwest of Shahe
Town), Eurycephalosuchus gannanensis is also very different in that the preorbital ridge is
absent, the frontal enters the supratemporal fossa, and the external mandibular fenestra remains
in addition to the unusually short and broadened skull. Compared with another Chinese
orientalosuchine, Eurycephalosuchus gannanensis cannot be referred to Protoalligator
huiningensis from the Paleocene of Huaining, Anhui (about 570 km northeast of Shahe Town)
because the latter has the skull that is much longer than wide, the splenial that does not enter the
mandibular symphysis, and the external mandibular fenestra that is longer than deep.

Orientalosuchus naduongensis, the type species of Orientalosuchina, was discovered

from the middle to upper Eocene of the Na Duong Basis of Vietnam (about 1,000 km southwest
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of Shahe Town). Differences of Eurycephalosuchus gannanensis from this Vietnam
orientalosuchine are very obvious in addition to the unusually broadened skull and the extremely
short skull table. For instance, the interfenestral septum is narrower than the interorbital septum,
the frontal enters the supratemporal fossa, and the maxilla-palatine suture is sharply V-shaped.
Krabisuchus siamogallicus was found in the upper or uppermost Eocene of Krabi, Thailand
(about 2,600 km southwest to Shahe Town). This orientalosuchine is not complete, but it is
clearly different from Eurycephalosuchus gannanensis in that interorbital septum is narrower
than the interfenestral septum, the frontal is excluded from the supratemporal fossa, the parietal
reaches the occipital edge posteriorly, the palatine-pterygoid suture is parallel to the posterior
margin of the suborbital fenestra, and the teeth are coarsely striated.

In comparison with other short-snouted crocodylians from the Upper Cretaceous-Eocene
of China, Asiatosuchus nanlingensis (Young, 1964, Wu et al., 2018) collected from the
uppermost Cretaceous of the Nanxiong Basin is a fragmentary taxon and has been argued to have
a long-snouted species (Wu et al., 2018, figs. 1A, 1C; 2A, 2B) and is clearly not comparable to
Eurycephalosuchus gannanensis. Planocrania datangensis Li, 1976 recovered from the
lowermost Paleocene of the Nanxiong Basin has a moderately elongated snout with ziphodont
teeth (Brochu, 2013, figs. 10, 11) so that this species evidently differs from Eurycephalosuchus
gannanensis.

Asiatosuchus grangeri Mook, 1940 from the Upper Eocene of Inner Mongolia has been
considered as a basal crocodyloid in many studies, which is confirmed by the phylogenetic
analyses presented here. The holotype of this species is a mandible, which differs from that of
Eurycephalosuchus gannanensis in having a postdentary portion that is relatively much

shallower, a splenial that does not enter the symphysis, and an external mandibular fenestra that
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is horizontally long. Zhang (1981) described Wanosuchus atresus based on a left ramus of a
mandible from the Paleocene of Anhui Province as a sebecosuchian, which has not been
included in any phylogenetic study so far. This species differs from Eurycephalosuchus
gannanensis in that it lacks an external mandibular fenestra and its splenial is excluded from the
symphysis. Li and Wang (1987) described Alligator luicus based on a skull and some postcranial
elements from the Middle Miocene, Shandong Province. The divided external nares, the
exclusion of the frontal from the supratemporal fenestra, and the contribution of the parietal to
the occipital edge clearly distinguish Alligator luicus from Eurycephalosuchus gannanensis.
Dzungarisuchus manacensis Dong, 1974 is represented by a mandibular ramus recovered from
the Upper Eocene of Xinjiang and considered a crocodyline. The elongated symphyseal region

and same-sized alveoli are not comparable to those of Eurycephalosuchus gannanensis.

6. Phylogenetic analyses

In phylogenetic studies of crocodyloids or alligatoroids, a number of different data matrices
have been built up recently. Shan et al. (2021) presented the most recent one in which the
phylogenetic relationships of all orientalosuchines then known were comparatively verified by
two sets of data matrices that included the new orientalosuchine established in this work.
Specifically, the first set of the data matrices of Shan et al. (2021) was employed here because it
included more terminal taxa. With the addition of Eurycephalosuchus gannanensis and
Brevirostres gen. et sp. indet., the data matrix in total comprised 125 terminal taxa and 191
morphological characters (see online supplementary data). In this data matrix, there were coding

changes in characters resulting from further examination of specimens for Jiangxisuchus
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nankangensis (characters 54, 169, and 126), Dongnanosuchus hsui (characters 123, 169, and
160), and Eoalligator chunyii (character 79), respectively; for Orientalosuchus naduongensis,
the coding change of character 79 was made based on the published figures by Massonne et al.
(2019); and for Bernissatia fagessi, the coding change of 21 characters were made based on new
morphological information provided by the restudy of Martin et al. (2020) on the lectotype
specimen (IRSNB R46) (see online supplementary data).

It is impossible to assess character states with any confidence for most characters to
Asiatosuchus nanlingensis because the only available specimen of this species is highly
fragmentary; the taxon was therefore excluded in the phylogenetic analysis conducted here, as
was the case in recent studies (Li et al. (2019; Massonne et al., 2019; Shan et al., 2021). In
addition, Brevirostres gen. et sp. indet. is too fragmentary to be included in the phylogenetic
analysis. In the analysis, multistate characters were unordered, and all characters were equally
weighted. A New Traditional Search Method of TNT v.1.5 standard version was preferred
(Goloboff and Catalano, 2016), with setting the maximum for trees to 10,000 and analyzed using
1000 random seeds of tree fusing as in Li et al. (2019) and Shan et al., 2021.

The analysis of 123 taxa yielded eight most parsimonious trees (MPTSs), each with a tree
length of 923 steps, a consistency index (Cl1) of 0.283, and a retention index (RI) of 0.772. As
shown in the strict consensus tree of the eight MPTs (Fig. 13), the analysis recognized
Eurycephalosuchus gannanensis as an alligatoroid within Orientalosuchina and also suggested
the basal position of Orientalosuchina within Globidonta as in Shan et al. (2021). The
alligatoroid status of Orientalosuchina was supported by seven unequivocal synapomorphies,
including characters 47-0 (alveoli for dentary teeth 3 and 4 nearly same size and confluent), 61-1

(anterior processes of surangular subequal to equal),70-1 (foramen aérum set in from margin of
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retroarticular process), 104-1 (maxilla broadly separates ectopterygoid from maxillary tooth
row), 131-1 (anterior tip of frontal forms broad, complex sutural contact with the nasals), 141-1
(quadratojugal spine high, between posterior and superior angles of infratemporal fenestra), and
177-1 (quadrate foramen aérum on dorsal surface of quadrate). Of the synapomorphies, character
104 could not be determined for Eurycephalosuchus gannanensis due to poor preservation,
character 47-1 independently developed, and the states of characters 70, 131, and 177 are
reversals in the species. The globidontian status of Orientalosuchina was supported by three
unequivocal synapomorphies: characters 39-1 (dorsal midline osteoderms nearly square), 47-1
(fourth alveolus larger than third and alveoli are separated), and 150-2 (frontoparietal suture on
skull table entirely alveoli for dentary teeth 3 and 4 nearly same size and confluent), of which
character 150-1 was hypothesized to be derived from state-0 independently in
Eurycephalosuchus gannanensis. With the inclusion of Eurycephalosuchus gannanensis, the
monophyletic Orientalosuchina recognized by Massonne et al. (2019) and Shan et al. (2021) was
supported. This was suggested by five unequivocal synapomorphies: characters 64-1
(surangular—dentary suture intersects external mandibular fenestra at posterodorsal corner (1),
70-0 (foramen aérum setting at extreme lingual margin of retroarticular process), 143-0
(postorbital neither contacts quadrate nor quadratojugal medially), 159-1 (squamosal extending
ventrolaterally to lateral extent of paraoccipital process), and 160-2 (supraoccipital exposure on
dorsal skull table large). Of the five synapomorphies, character 160 is represented by state 3 in
Eurycephalosuchus gannanensis (supraoccipital exposure on dorsal skull table large such that
parietal is excluded from posterior edge of table). Within Orientalosuchina, Eurycephalosuchus
gannanensis was nested by one unequivocal synapomorphies into a clade with other three

Chinese forms and one Vietnam taxon, with an undetermined relationship. The synapomorphy is
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character 92-1 (an occlusion pit between 7th and 8th maxillary teeth and all other dentary teeth
occlude lingually). Nevertheless, the majority-rule consensus of the five MPTs suggested that
Eurycephalosuchus gannanensis was the sister-group of the Jiangxisuchus nankangensis-
Eoalligator chunyii sub-clade (Fig. S6 in the online supplementary data), which was supported
by two synapomorphies: characters 61-0 (anterior processes of surangular unequal) and 150-1
(frontoparietal suture makes modest entry into supratemporal fenestra at maturity, postorbital and
parietal in broad contact).

In the previous studies that also included orientalosuchines’ based on the known taxa
available at the time (Krabisuchus siamogallicus, Eoalligator chunyii, Protoalligator
huiningensis, and Jiangxisuchus nankangensis), the phylogenetic analysis did not demonstrate a
monophyletic clade for those ‘orientalosuchines’ within Alligatoroidea and Eoalligator chunyii
and Jiangxisuchus nankangensis were in fact included in the Crocodyloidea (Matin et al., 2010;
Wang et al., 2016, Li et al., 2019). As mentioned earlier, the monophyletic Orientalosuchina was
first recognized by Massonne et al. (2019) based on the discovery of Orientalosuchus
naduongensis and was further confirmed by the establishment of Dongnanosuchus nankangensis
of Shang et al. (2021). Compared with the two studies, the phylogenetic relationships here
recovered for the major clades of Eusuchia are different. The most striking of those differences
are that the monophyly of Crocodylia was not supported different. The most striking of those
differences are that the monophyly of Crocodylia was not supported because its basal most clade
(Gavialoidea) formed a polytomy with the two basal clades of Eusuchia (Hylaeochampsidae and
Allodaposuchidae) and a clade including all other crocodylians (Fig. 13). As for Alligatoroidea,
the phylogenetic results recovered here are much more similar to those obtained by Shan et al.

(2021) based on the first data set, i.e., the monophyletic status of the major clades were
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894  confirmed and Orientalosuchina was again considered as the basal-most clade of Globidonta
895  within Alligatoroidea. There are only a few differences. For instance, the phylogenetic

896 relationships of Diplocynodon and Deinosuchus were uncertain, forming a trichotomy with
897  Globidonta and internal relationships within Caimaninae were poorly resolved. In addition,
898  Bernissatia fagesii rather than Theriosuchus pusillus were hypothesized as the sister group of
899  Eusuchia. For the internal relationships of Orientalosuchina, the phylogenetic results obtained
900 here are also comparable to those of Shan et al. (2021), with Krabisuchus siamogallicus and
901 Protoalligator huiningensis recognized as two successive taxa at the base of the clade and the
902  new species Eurycephalosuchus gannanensis, Orientalosuchus naduongensis, and

903  Dongnanosuchus nankangensis forming a polytomy with Jiangxisuchus nankangensis-

904 Eoalligator chunyii clade.

905 In order to determine the taxonomic status of Brevirostres get. et sp. indet. (IVPP V
906  31267), we included it in a phylogenetic analysis with the same setting as in the previous one.
907  The analysis produced seven MPTs. As displayed by the strict consensus of the seven MPTs,
908 internal relationships obtained by the previous analysis for the taxa of Brevirostres were

909 extensively collapsed and IVPP V 31267 could not be phylogenetically grouped with any other
910  taxon but was just recognized as a brevirostrine (see Fig. S7 in the online supplementary data),
911  representing an undetermined brevirostrine.

912
913 7. Discussion

914
915 Eurycephalosuchus gannanensis appears to be the smallest in size among the

916  orientalosuchines based on the skull length; it is slightly smaller than Krabisuchus siamogallicus
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based on the skull length or than Eoalligator chunyii in terms of the width of the occiput.
However, as argued earlier, morphological differences between Eurycephalosuchus gannanensis
and the other orientalosuchines are obvious. Brevirostres gen. et sp. indet. should be a medium-
sized animal as suggested by the length (5.23 cm) of its complete coracoid, which is about 135%
larger than that of Eurycephalosuchus gannanensis and nearly same to that (5.2) of a specimen
(IVPP #27) of Alligator sinensis (see Cong et al., 1998: the table on page 178). The skull of
IVPP #27 is 18.06 cm long (see Cong et al., 1998: table 2).

In Orientalosuchina, the phylogenetic analysis conducted here not only supported the
monophyly of Orientalosuchina but also confirmed the phylogenetic pattern obtained by Shan et
al. (2021) for the previous six orientalosuchines. As suggested by the majority rule consensus
tree, Eurycephalosuchus gannanensis may have been closely related to the Jiangxisuchus
nankangensis-Eoalligator chunyii clade, which is in accordance with their paleogeographical and
stratigraphical occurrence, i.e., they were all recovered from the Upper Cretaceous
(Maastrichtian) red beds of Ganzhou and Nanxiong, the latter is about 105 km apart in the
southwest. Although the relationships among Orientalosuchina and the major clades of
Alligatoroidea were resolved, most of them had a very low Bremer support value for monophyly,
i.e., with a value of 1 or 0 as in Massonne et al. (2019) and Shan et al. (2021). On the other hand,
in all previous studies with the Chinese orientalosuchines included, monophyly of the major
groups of the Crocodylia were also weakly supported (Wang et al., 2016; Li et al., 2019). It
would not be surprising that such relationships demonstrated in our study and others would
change when novel taxa and new, more complete specimens of the species currently only known
from fragmentary remains are found. As mentioned in Li et al. (2019) and Shan et al. (2021),

there were a number of short-snouted fossil members of Crocodylia collected from the Upper
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Cretaceous to Eocene in China before the discovery of Eurycephalosuchus gannanensis. In
addition to those mentioned earlier, they also include Dzungarisuchus manacensis from the
upper Eocene of Manas River, Xinjiang and Lianghusuchus hengyangensis Young, 1948 from
the Eocene of Hengyang, Hunan. However, none of them is as well-preserved as the Chinese
orientalosuchines such as Dongnanosuchus hsui, Jiangxisuchus nankangensis, or
Eurycephalosuchus gannanensis. Additionally, many of the Chinese crocodylians have not been
included in phylogenetic studies because most of them are fragmentary and their taxonomic
status requires revision using modern technics and methods.

Our phylogenetic analysis did not support the phylogenetic relationships obtained by
previous studies (such as Narvaez et al., 2016, Massonne et al., 2019, Shan et al., 2021) for two
basal clades of Eusuchia and Gavialoidea (the basal most clade of Crocodylia), this was likely
caused by the addition of new morphological information to Bernissartia fagesii which was
newly recovered by Martin et al. (2020).

Our phylogenetic analysis further supported that Orientalosuchina represents an independent
clade with no close relationship to any of the North American alligatoroids; it deviated from the
main line of Alligatoroidea. As mentioned above, it is uncertain whether the deviation took place
after Diplocynodon in Europe or Deinosuchus in North America during the late Cretaceous.
However, it was further supported that Orientalosuchina split from the Alligatoridae and
dispersed to Asia through only one divergence event as early as the Campanian. Such a dispersal
event again refuses the views that Orientalosuchina formed a sub-lineage with some of the North
American alligatoroids and that it dispersed to Asia from North America after at least four
divergence events occurred within the sub-lineage during the Late Cretaceous. This would mean

that Orientalosuchina had no close relationship with the Alligatoridae in terms of either
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phylogeny or dispersal pattern. Although, as discussed earlier, the phylogenetic results obtained
here are only weakly supported as in previous studies, the similar view reflected by the
successive studies of Dongnanosuchus hsui and Eurycephalosuchus gannanensis from China for
the origin and dispersal hypotheses of Orientalosuchina and the later alligatoroid clades may
have likely represented the true situation. Of course, this needs to be further verified by future
studies with new information.

The specimen (a pair of the scapula and coracoid) of Brevirostres gen. et sp. indet. were
preserved together with that of Eurycephalosuchus gannanensis, but it is impossible to determine
the precise spatial extent of the two species. However, the relative completeness of individual
elements of both specimens indicates the possibility of a range overlap and coexistence between
these species during the earliest stage of the Maastrichtian in the region. Additional specimens of
both species from the region would solidify these observations. Sympatric crocodyliforms are a
common occurrence both throughout their fossil record (Bryant 1989, Riff et al. 2010, Scheyer et
al. 2013, Moreno-Bernal et al. 2016) and in the present day (Campos & Magnusson 2013,
Choudhary et al 2018). As such, range overlap and ecological interactions between the two

species of brevirostrines would not be particularly surprised. Taking reference to modern

crocodylians, possibilities in terms of environmental tolerances, habitat requirements, and/or
behaviors may have been present with two species. Morphological features of the skull
indicating prey preference is a common means of determining ecological partitioning between
fossil crocodyliforms. This does not appear to be useful in this case due to the absence of the
skull in Brevirostres gen. et sp. indet. Campos and Magnusson (2013) observed that the dwarf
caiman Paleosuchus palpebrosus tolerates cooler temperatures, which helps it to occupy areas

not hospitable to its sympatric peers. Similarly, Choudhary et al. (2018) reported that the
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sympatric crocodylians (Crocodylus palustris and Gavialis gangeticus) demonstrate references
in basking site substrate type, water depth and gradient, and nesting sites. Considering the larger
size, Brevirostres gen. et sp. indet. may have dominated the region and had a wider range of
preying. To investigate any one of these possibilities needs further data, finding new specimens

of both species.

Conclusions

The distinctive skull morphology of the new crocodylian specimens plays a key role in the
establishment of a new orientalosuchine, Eurycephalosuchus gannanensis and the evidently
large size and morphological differences of an articulated scapula and coracoid suggest the
presence of another, undeterminable species of Brevirostres in the same region. Our phylogenetic
analysis incorporating the new form Eurycephalosuchus gannanensis supports the monophyly of
Orientalosuchina and that the clade is the sister-group of the Alligatoridae and dispersed into
Asia after a divergence event occurred in the mainline rather than after multiple divergence
events in a sub-lineage of the Alligatoroidea during the Late Cretaceous. It will be fundamental
to find more taxa and better specimens of species currently only known from fragmentary
material in establishing a stable phylogenetic pattern for Alligatoroidea as well as in improving
hypotheses on the early history and dispersal routes of alligatoroid clades between continents.
Sympatric relationship of Eurycephalosuchus with an undeterminable brevirostrine is uncertain

currently based on available information.
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Figures and Figure Captions

Figure 1. Schematic maps depicting fossil localities of Eurycephalosuchus gannanensis gen. and

sp. nov. and other orientalosuchines. A, main part of China; B, Jiangxi Province and parts
of Anhui and Guangdong Provinces, showing the fossil localities of some Chinese
orientalosuchines. C, relative distances among the fossil localities of orientalosuchines (1
= Dongnanosuchus hsui, Maoming Basin, Guangdong; 2 = Eoalligator chunyii,
Nanxiong Basin, Guangdong Province; 3 = Jiangxisuchus nankangensis,
Eurycephalosuchus gannanensis gen. et sp. nov., and Eurycephalosuchus sp. indet.,
Ganzhou Basin, Jiangxi Province; 4 = Protoalligator huiningensis, Huaining, Anhui
Province; 5 = Orientalosuchus naduongensis, Vietnam; 6 = Krabisuchus siamogallicus,

Thailand). N = north. Page-size

Figure 2. Photographs and corresponding line drawings of skull of Eurycephalosuchus

gannanensis gen. and sp. nov. A and B, skull in dorsal view; C and D, posterior part of
skull table in dorsal and slightly posterior views, showing relationships between quadrate
and its neighboring bones in supratemporal fossa. Zigzag lines indicate a broken surface.

Abbreviations as listed in the text. Page-size

Figure 3. Photographs and corresponding line drawings of skull and mandible of

Eurycephalosuchus gannanensis gen. and sp. nov. A and B, skull and mandible in lateral
views. C and D, close-up of external ear chamber in lateral and slightly ventral views; E
and F, close-up of post-infratemporal fenestra on right side in lateral and slightly ventral
views. Zigzag lines indicate a broken surface and fields of circles/dots indicate matrix.

Abbreviations as listed in the text. Page-size
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Figure 4. Photographs and corresponding line drawings of skull and mandible of

Eurycephalosuchus gannanensis gen. and sp. nov. A and B, Skull and mandible in
ventral views. C (derived from 3D image) and D, close-up of posteroventral part of skull
and mandible in lateral and slightly dorsal views. Zigzag lines indicate a broken surface.

Abbreviations as listed in the text. Page-size

Figure 5. Photographs and corresponding line drawings of skull and mandible of

Eurycephalosuchus gannanensis gen. and sp. nov. A and C, skull and mandible in
occipital views. B (derived from 3D image) and D, close-up of posterior end of skull and
mandible in medial and slightly posterior views; E (derived from 3D image) and F, close-
up of axis in posterolateral and slightly dorsal views. Zigzag lines indicate a broken
surface and fields of circles/dots indicate the matrix. Abbreviations as listed in the text.

Page-size

Figure 6. Photographs of dentition of Eurycephalosuchus gannanensis gen. and sp. nov. A,

close-up of premaxillary dentition in anterior view; B, close-up of the 4" dentary tooth in
lateral view; C, close-up of the first five maxillary teeth in lateral and slightly ventral
view; D, close-up of the 6" and 7" maxillary teeth and the 12" dentary tooth in lateral
view; E, close-up of the 7th to 9" maxillary teeth and the 12" dentary tooth in lateral
view.; F, the 10" to 14" maxillary teeth in lateral view. Abbreviations as listed in the text.

Page-size

Figure 7. Photographs (derived from 3D image) and corresponding line drawings of the 3™

cervical vertebra of Eurycephalosuchus gannanensis gen. and sp. nov. A and B, in

anterolateral views; C and D, in posterior views; E and F, in lateral views; G and H, in
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ventral views. Zigzag lines indicate a broken surface. Abbreviations as in the text. Page-

size

Figure 8. Photographs (derived from 3D image) and corresponding line drawings of the 4"

cervical (A to H) and the 12 (I and J) vertebrae of Eurycephalosuchus gannanensis gen.
and sp. nov. A and E, in lateral views; B and F, in anterior views; C and G, in posterior
views; D to J, in ventral views. Zigzag lines indicate a broken surface. Abbreviations as

in the text. Page-size

Figure 9. Preserved postcranial section of Eurycephalosuchus gannanensis gen. and sp. nov.

Photograph (A derived from 3D image) and corresponding line drawing (B) mainly in
ventral view. Zigzag lines indicate a broken surface. Abbreviations as listed in the text.

Page-size

Figure 10. Photographs of osteoderms of Eurycephalosuchus gannanensis gen. and sp. nov. A,

preserved osteoderms with other postcranial elements; B to D, individual osteoderms in
dorsal view; E, a ventral osteoderm in external view; F, an osteoderm from dorsolateral

part of body in dorsal view. Page-size

Figure 11. Photographs and corresponding line drawings of scapulae and coracoids of

Eurycephalosuchus gen. nov. A and E, scapula of Eurycephalosuchus gannanensis gen.
and sp. nov. in lateral views; B and F, scapula and coracoid of Eurycephalosuchus sp.
indet. in lateral views, C (derived from 3D image) and D, scapula and coracoid of
Eurycephalosuchus sp. indet. in posterolateral and slightly ventral views; G (derived
from 3D image), H and I (derived from 3D image), coracoid of Eurycephalosuchus
gannanensis gen. and sp. nov. in external and internal views, respectively; J (derived

from 3D image), scapula and coracoid of Eurycephalosuchus sp. indet. in external and



1250

1251

1252

1253

1254

1255

1256

1257

1258

1259

1260

o0

slightly posterior view. Zigzag lines indicate a broken surface. Abbreviations as in the
text. Page-size

Figure 12. Photographs and corresponding line drawings of left humerus of Eurycephalosuchus
gannanensis gen. and sp. nov. A and G, in anterior views; B and H, in lateral views; C
and I, in medial views; D and J, in posterior views; E and K, distal/bottom views; F and
L, proximal/top views. Zigzag lines indicate a broken surface. Abbreviations as in the
text. Page-size

Figure 13. Strict consensus of the eight MPTs obtained by the analysis of the data matrix (124
taxa and 191 characters, with Asiatosuchus nanlingensis excluded). Bremer support
values are listed at each node, showing a weak level of support for the clades of interests.

Page-size



Table 1. Measurements of selected skull elements. Units = cm, = preserved length or width, *

= estimated length or width.

Elements Measurements | Elements

Skull length (snout to quadrate condyles) 15.87+/16.37* | Length of 3 vertebral centrum
Skull length (snout to posterior edge of skull 14.311/14.81* | Length of 4™ vertebral centrum
table)

Skull width (across 5™ maxillary teeth) 9.64 Length of 5™ vertebral centrum
Skull width (across quadratojugals) 14.81 Length of 6" vertebral centrum
Length of snout (preorbital region) 9.635 Length of 7" vertebral centrum
Width of snout (across anterior margins of 10.12 Length of 8" vertebral centrum
orbits

Length of postorbital region (to posterior edge | 5.371/5.87* Length of 9" vertebral centrum

of skull table--left)

Length of skull table (across centre of 3.55 Length of 10" vertebral centrum
supratemporal fenestrae)

Width of skull table (across centre of 8.55 Length of 11" vertebral centrum
supratemporal fenestrae)

Length of mandible (right ramus) 17.15 Length of 12" vertebral centrum
Length of mandible (left ramus) 18.3 Length of 13" vertebral centrum




Length of external naris 1.73 Length of 14™ vertebral centrum

Width of external naris 2.86 Length of 15 vertebral centrum

Length of supratemporal fossa (left) 1.737/2.0* Length of interclavicle

Width of supratemporal fossa (left) 2.09 Length of humerus

Length of ventral margin of infratemporal 2.15 Minimal width of humeral shaft

fenestra (left)

Length of incisive foramen 0.98 Length of small coracoid

Width of incisive foramen 1.56 Minimal width of small coracoid

Length of suborbital fenestra (left) 4.01/4.5* Minimal width of small scapula

Width of suborbital fenestra (left) 1.82 Length of big coracoid (IVPP V 31267)
Maximal height of external mandibular 1.71 Minimal width of big coracoid (IVPP V 312t
fenestra (left)

Maximal width of external mandibular fenestra | 1.18 Minimal width of big scapula (IVPP V 3126
(left)

Length of axis (with odontoid process) 2.51 Hight (length) of big scapula (IVPP V 31267











































Declaration of interests

The authors declare that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

[IThe authors declare the following financial interests/personal relationships which may be considered
as potential competing interests:




