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ABSTRACT—The core of the fossil record of Teleosauridae, a family of thalattosuchian
crocodylomorphs, is well known from western Tethyan marine deposits of the Jurassic.
Outside this province, their fossil record is patchy and in need of revision with specimens
from Russia, Madagascar and Asia. Peipehsuchus teleorhinus is known from the Early or
Middle Jurassic of China and teleosaurid specimens were mentioned or preliminarily
described from two Jurassic localities in Thailand, yet they were not assigned to a given
taxon. Thanks to recent fieldwork, at least 10 individuals represented by cranial material were
excavated and prepared from a single Jurassic locality known as Phu Noi in the lower Phu
Kradung Formation of northeastern Thailand. Here, we describe these specimens together
with disarticulated postcranial elements and erect a new taxon, /ndosinosuchus
potamosiamensis gen. et sp. nov.. Phylogenetic analyses confirm the teleosaurid affinities of
the new species, which does not form an exclusive clade with the Chinese teleosaurid
Peipehsuchus teleorhinus. The presence of teleosaurids at Phu Noi and a preliminary account
of its faunal content favor a Middle to Late Jurassic age for the fossil-bearing horizon. In
contrast, Cretaceous deposits in Thailand are characterized by goniopholidids and
pholidosaurids indicating a faunal turnover in SE Asia across the Jurassic-Cretaceous. As
previously shown by isotope data, the new teleosaurid species was a resident of the freshwater
environment and co-occurs with remains of exclusively terrestrial taxa such as sauropod,
ornithopod and theropod dinosaurs and other freshwater reptiles such as turtles and

temnospondyls.

INTRODUCTION

Thalattosuchians were crocodylomorphs of the Jurassic and Cretaceous (e.g., Eudes-

Deslongchamps, 1870; Andrews, 1909; Westphal, 1962; Buffetaut, 1982; Mueller-Towe,



2005, 2006; Gasparini et al., 2000) with a nearly global distribution, being absent only from
high latitudes (Martin et al., 2014a). The group is dominated by marine forms with the likely
pelagic Metriorhynchoidea showing the most derived adaptations (Hua and de Buffrénil,
1996; Fernandez and Gasparini, 2008). Teleosaurids are less derived in their morphology; all
are longirostrine, and most probably retained the ability to come onto land (Westphal, 1962).
The majority of teleosaurids are recovered from marine habitats, although there are records
from freshwater deposits in peninsular Thailand (Buffetaut et al. 1994a) and China (Young,
1948). A freshwater habitus for the teleosaurids of the Late Jurassic Phu Noi locality in
northeastern Thailand was recently confirmed using strontium isotope ratios (Martin et al.,
2016).

Marine teleosaurids are generally found in marginal/coastal deposits. Fossils from
estuarine or brackish environments, for example in the Late Jurassic of Portugal (Krebs, 1967;
1968) or in the Middle Jurassic of Madagascar (Newton, 1893) suggest an ability to shift
between habitats, which raises ecological and physiological questions related to salt excretion,
migrations, resource use, reproduction or refuge from predators (Martin et al., 2016). The
versatile habitat preferences of teleosaurids may have proved selectively advantageous in the
context of sea-level and other global environmental changes (Benson and Butler, 2011;
Martin et al., 2014a; Tennant et al., 2017), possibly permitting their survival into the
Cretaceous, as recently proposed with the report of Machimosaurus in the Hauterivian of
Tunisia (Fanti et al., 2016).

Most teleosaurid discoveries are from the Jurassic of Western Tethys (e.g. Eudes-
Deslongchamps, 1870; Andrews, 1909; Westphal, 1962). Outside this range, the known
material is badly in need of revision: from East Asia (Young, 1948; Li, 1993; Buffetaut et al.,
1994a), Madagascar (Newton, 1893; Buffetaut et al., 1981) and Central Asia (Efimov, 1988;

Efimov and Chkhikvadze, 1987; Storrs and Efimov, 2000). The new report of teleosaurids



from northeastern Thailand thus improves an otherwise poor record outside Western Tethys.
Because of their common occurrence in marine deposits, the discovery of teleosaurids in the
continental deposits at Phu Noi, Thailand was unexpected. Since the discovery of the Phu Noi
fossil site in 2008, a wealth of disarticulated teleosaurid specimens have been unearthed and
prepared from this single locality. The deposit shows evidence of aerial exposure with
paleosol development and insect burrows (Martin et al., 2016) and in addition to the
teleosaurids, contains a known fauna of both aquatic and terrestrial vertebrates. These include
hybodont sharks (Cuny et al., 2014), the ginglymodian fish Isanichthys lertboosi (Deesri et
al., 2014), the xinjianchelyid turtle Phunoichelys thirakhupti (Tong et al., 2015) an
undescribed freshwater turtle, ornithopods (Buffetaut et al., 2014), theropods (Chanthasit,
2011), and undescribed remains of sauropod dinosaurs, temnospondyls, and pterosaurs
(Buffetaut et al., 2015).

Here, we describe in detail the cranial and postcranial anatomy of several teleosaurid
individuals recovered at the Phu Noi site. Based on comparisons with other teleosaurids, we
propose a new genus and species and test the relationships of the new taxon with a
phylogenetic analysis. We also include a preliminary age assessment for the Phu Noi
assemblage and discuss evidence accounting for the abundance of disarticulated teleosaurid

skeletons in this continental setting.

Institutional Abbreviations

KS, collection numbers for Kalasin Province specimens at Sirindhorn Museum,
Sahatsakhan, Thailand; PRC, Palacontological Research and Education Centre, Maha
Sarakham University, Thailand. IVPP, Institute of Vertebrate Paleontology and

Paleoanthropology, Beijing, China.



SYSTEMATIC PALEONTOLOGY

CROCODYLOMORPHA Hay, 1930
THALATTOSUCHIA Fraas, 1901
TELEOSAURIDAE Geoffroy Saint-Hilaire, 1825
INDOSINOSUCHUS POTAMOSIAMENSIS, gen. et sp. nov.

(Figs. 1-13)

Etymology—The genus name refers to the Indochinese tectonic block where the
fossils were found. The species name refers to its occurrence in a freshwater habitat (from the
Greek motaudg, meaning river) of Siam, the old name of Thailand.

Diagnosis—/ndosinosuchus potamosiamensis is characterized by the following
combination of characters (autapomorphies denoted with*): (1) maxillae touching the
posteriorly positioned incisive foramen, which is flanked by a pair of foramina* (Fig. 4C); (2)
long and pinched anterior processes of the nasal, reaching the level of the 14M-15™" maxillary
alveolus; (3) posterior processes of nasals approaching the orbits but not quite preventing
prefrontal-frontal contact®; (4) four premaxillary alveoli; (5) 30 maxillary alveoli and (6) 31
dentary alveoli; (7) parietal extending as a long triangle between the supratemporal fenestrae;
(8) relatively small rostrum-to-skull length ratio (about 0.66); (9) supratemporal fenestra
longer than wide with a width-to-length ratio of about 0.57; (10) small antorbital fenestra.
Differs from Peipehsuchus teleorhinus in character (4) and [VPP RV 10098 in characters (2),
(3), (7), (8); from Teleosaurus cadomensis in (5), (6), (9); from Steneosaurus bollensis,
Steneosaurus gracilirostris, Steneosaurus leedsi, Platysuchus multiscrobiculatus,
Steneosaurus heberti in (4), (5), (6), (9); from Steneosaurus larteti in (3), (9); from
Steneosaurus brevior in (3), (4), (9); from Machimosaurus hugii in (1), (4), (5), (6), (10);

from Lemmysuchus obtusidens in (1), (10).



Holotype—PRC-11, a complete skull with mandibles.

Referred Material—PRC-239, complete skull with occluding mandible and
associated humerus; PRC-238, partial skull with occluding mandible; PRC-240, large
fractured skull with associated mandible and a partial femur; PRC-12, complete skull and
mandible in a block containing unprepared postcranial elements including a femur, vertebrae
and osteoderms; PRC-10, complete skull; PRC-1213, right dentary of juvenile; KS33-209,
incomplete skull; PRC-8, right dorsum of the skull with associated osteoderms; PRC-9, a
partial skull without the tip of the rostrum; PRC-15, atlas; PRC-16, axis; PRC-17 and 18, two
cervical vertebrae; PRC-20 and PRC-21, thoracic vertebra; PRC-19, cervical ribs; PRC-24, a
scapula; PRC-26 and 27, two ilia; PRC-27, one ischium; PRC-861, osteoderm; PRC-30,
ventral shield.

Locus Typicus—Phu Noi, Phu Phan range, Kham Muang district, Kalasin province,
northeastern Thailand.

Stratigraphic Occurrence—Lower part of the Phu Kradung Formation, Khorat

Group, Jurassic. For details, see Martin et al. (2016) and discussion below.

DESCRIPTION

General Description and Preservation

When not specified otherwise, the skull and mandible are primarily described from
PRC-11 (Figs. 2-6), which represents the best-preserved material of this taxon discovered so
far at Phu Noi. Other specimens, such as PRC-12 and PRC-238, provide confirmation of
character states, and are referred to explicitly when relevant (Figs. 7-15). As for elements of
the braincase and neighboring structural complexes (laterosphenoid, basisphenoid,

basioccipital, parietal, squamosal, exoccipital and quadrate) the description mostly relies on



PRC-8. A minimum of 10 individuals are now known from Phu Noi; these include one

juvenile and several subadult and adult forms based on size (Table 1).

Fenestrae and Openings

The external nares consist of a single opening, located at the anterior tip of the rostrum
(Figs. 2, 3, 5, 6). The nares mostly face anteriorly, with a slight dorsal component. In anterior
view, their outline is triangular. Their internal surface faces dorsally and is formed by the
premaxillae. The premaxillae meet each other in front of the combined opening where they
contribute a dorsally expanded, pointed projection to its anterior rim.

The circular orbits are enclosed posteriorly by the postorbital and jugal. Their
orientation has some lateral inclination and is thus not fully dorsal (Figs. 2C, 3C). The entire
orbital margin is slightly protruding and delimited by a smooth ridge.

The supratemporal fenestrae are longer than wide (ratio width/length = 0.57),
presenting a quadrangular outline (Fig. 1). They are about three times longer than the orbits
and occupy most of the dorsum of the skull. The parietal contributes to the medial and
posteromedial margin of the fenestrae, the squamosal contributes to the posterolateral margin,
the postorbital forms the anterolateral margin, and the frontal forms the anteromedial margin.

The lower temporal fenestrae face laterally and are nearly as long as the supratemporal
fenestrae (Figs. 2, 3). They are bounded ventrally by a thin bar of the jugal, dorsally by the
postorbital and squamosal, posteriorly by the ascending part of the quadrate, and the
quadratojugal forms their posteroventral corner.

The suborbital fenestrae are elongate, approaching but not reaching the level of the
anterior orbital margin (Figs. 2, 3, 6). Their shape is complex, with a straight medial margin

built by the palatine and a broadly concavo-convex lateral margin. Anteriorly, the suborbital



fenestra is pointed with an anterolateral contribution of the maxilla, whereas posteriorly, it is
broadly U-shaped and bordered by the pterygoid and ectopterygoid (posterolaterally).

The choanae are large — as wide as the palatines (Figs. 2, 3, 7). They open through
the pterygoid and palatine and their anterior margin lies between the suborbital fenestrae.
Their posterior margin is wide, deeply concave and continuous with the ventral surface of the
pterygoid plate.

The antorbital fenestra is elongate and oriented obliquely (Figs. 2, 3). It is a slit-like
opening, smaller than the orbit, and lies between the lacrimal and maxilla. The lacrimal forms
the entirety of its dorsal border, whereas the maxilla forms the ventral border.

The trigeminal foramen opens anteroventrally between the basisphenoid, prootic and
laterosphenoid, the latter being marked by a distinct groove on its anterior surface,
presumably for conveyance of cranial nerve V (Figs. 3, 10). Although this area is not
particularly well preserved, the anteromedial process of the quadrate is free of bony
attachment as in other thalattosuchians such as Pelagosaurus typus, Steneosaurus cf.
gracilirostris, Machimosaurus hugii and metriorhynchids (Holliday and Witmer, 2009;
Fernandez et al. 2011; Martin and Vincent, 2013; Brusatte et al., 2016). The pterygoid process
of the quadrate forms the ventral margin of the foramen ovale but does not contact the
posterior descending process of the laterosphenoid, which contributes to the anterodorsal
margin of the foramen ovale. The prootic contributes to its dorsal margin (observable in PRC-
8). Within the foramen ovale, the basisphenoid is visible in PRC-11 but other bony
contribution is difficult to assess because of the crushed condition of the skull.

The orbitotemporal foramen (Figs. 3, 8) opens as a small transverse slit on the
posterior region of the supratemporal fossa and is facing slightly dorsally. The parietal and
squamosal contribute equally to its dorsal margin. Medioventrally, the foramen is bounded by

the prootic, whereas the quadrate contributes most of its ventral margin.



As observed in lateral view (Figs. 3C, 8F), the tympanic opening has no posterior
wall, although a limited descending process of the squamosal underlines its posterior limit. Its
ventral, anterior and dorsal margins are formed by the quadrate; the dorsal margin consisting
of a thin lamina separating the above-lying squamosal (Figs. 6, 8) as in other teleosaurids
such as Teleosaurus cadomensis (Jouve, 2009) or Machimosaurus hugii (Martin and Vincent,
2013). The exoccipital contributes to the inner dorsal wall. The foramen magnum is not well
preserved but can be observed in PRC-8 (Fig. 10). It is slightly smaller than the occipital
condyle and as is the case in other thalattosuchians, it is bound by the exoccipitals,
basioccipital and supraoccipital.

The external mandibular fenestra (Figs. 2C, 3C, 5B) is deep and long, occupying about
ten percent total mandibular length. The dentary completes its anterior margin, including the
anterodorsal and anteroventral corners. The surangular and angular contribute to its dorsal and

ventral margins, respectively. The coronoid is visible through the fenestra.

Skull

Premaxilla—The premaxillae can be observed from different views in PRC-11 (Fig.
4). The dorsal surface is mostly smooth, with ornamentation, including millimeter-sized
foramina, more prominent on the lateral and posteromedian dorsal surfaces. A prominent
median process is present just anterior to the external nares (Figs. 3, 4, 8). PRC-238 shows
only the dorsal and lateral surfaces as the occluding dentary hides its ventral surface. On the
ventral surface of PRC-11, the premaxillary-maxillary suture is U-shaped with the convex
anterior process of the maxilla extending forward to reach the level of the third premaxillary
alveolus. As seen in ventral view, the incisive foramen is close to the premaxilla-maxilla
contact and is flanked by a pair of foramina. Medially, near the sutural area, the premaxilla

includes a short pillar, which builds the lateral edge of the 3 mm long and slit-like incisive



foramen. Lateral to each pillar, another foramen of similar size is visible (Fig. 4). The incisive
foramen is located close to the premaxillary-maxillary suture as in the reconstructions of
Steneosaurus from Holzmaden (Mueller-Towe, 2005) but unlike Machimosaurus hugii
(Martin and Vincent, 2013) or Lemmysuchus obtusidens (Johnson et al. 2017) whose incisive
foramen is completely enclosed by the premaxilla. The condition in PRC-11 is similar to that
of the Chinese form IVPP RV 10098, but instead of foramina, a pair of fossae lies lateral to
the incisive foramen (Fig. 17).

Posterior to the incisive foramen, the premaxillae do not contact each other medially,
due to the anterior projection of the maxillae (Figs. 2, 3, 4). The premaxilla hosts 4 alveoli,
which are organized in two pairs (PRC-238 and PRC-11). Their collars protrude
anteroventrally for the first two alveoli and lateroventrally for the last alveolus. In the first
pair, the first and second alveoli have the same diameter, being slightly smaller than the
alveoli of the second pair; i.e., the third and fourth. In each pair, the alveoli are in close
contact but not confluent. They are separated by a small diastema accommodating the first
dentary tooth. Posterior to the second pair, a long diastema stretches over the premaxilla-
maxillary suture. This space accommodates the enlarged double caniniforms of the third and
fourth dentary alveoli — a pattern of occlusion particularly well exemplified in PRC-11 (Figs.
2,3,4).

Maxilla—The maxillae build a nearly tubular rostrum with straight and parallel lateral
edges as is common among teleosaurids. In section, the rostrum is wider than high and
presents a convex dorsal margin; the ventral margin is also convex but is depressed along the
midline suture. Ornamentation is subtle on the dorsal surface of the maxilla with numerous
longitudinal shallow furrows. Elongate foramina are distributed along the lateral surface of
the maxilla, just above the tooth row. On the dorsal surface, posteromedial contact between

the premaxillae exclude the maxillae from the external nares (Figs. 3, 7, 8). The maxillae



contact each other dorsally for most of the rostrum length but are separated by the nasals at
the level of the 15™ maxillary alveolus. Posterolaterally, the maxilla contacts the jugal
ventrally, the lacrimal dorsally, and contributes to the ventral margin of the antorbital
fenestra.

The maxillary alveoli face ventrally with a slight lateral orientation. Medially, a
continuous line delimits the alveolar margin from the more ventrally positioned palatal
process of the maxilla. A set of anteroposteriorly elongate foramina opens along this line and
between each alveolus. In lateral view, alveolar collars are well individualized facilitating a
reliable tooth count. In PRC-11, the left maxillary tooth row is not obscured by the occluding
mandible and the first 20 alveoli are visible. Sediment hides the remaining length of the tooth
row. The CT data reveal a total of 30 maxillary alveoli (Fig. 5). In PRC-238, the left
maxillary tooth row is visible in lateral, and to some degree, ventral view, revealing the first
27 alveoli. The posterior part of the tooth row is hidden by the occluding mandible. The
occlusion pattern shows that maxillary and dentary teeth are interfingered throughout, leaving
no occlusion pits between alveoli 1 and 20. No occlusal pits were detected in the posterior
area of the tooth row despite the fact that teeth are not protruding out of the tooth row in this
area. The maxillary tooth row ends just anterior to the suborbital fenestra as seen in PRC-11
(Fig. 3) and PRC-240.

In PRC-11, the palate is heavily cracked, but sutures can be identified on the left side
(Fig. 2). Here, the maxilla participates in the anterior and anterolateral margins of the
suborbital fenestra, where it is strongly convex. In the posterior corner of this convexity, the
maxilla contacts the ectopterygoid, preventing a contact with the posterior margin of the tooth
row. The maxillary tooth row stops in front of the suborbital fenestra and the ectopterygoid is
separated from the posterior border of the tooth row. Laterally, the maxilla shows an

extensive contact with the pointed anterior process of the jugal. Medially, the maxilla



extensively contacts the palatine; their contacts ending at the anterior corner of the suborbital
fenestra.

Nasal—The nasals are triangular in dorsal view; they are short and extend in front of
the antorbital fenestrae but do not extend along the entire length of the rostrum (Figs. 3, 6, 7,
8). Their dorsal surface is smooth, although small foramina are present on their lacrimal
margin. Anteriorly, they form a pinched process reaching the level of the 15" maxillary
alveolus. Nasal-premaxilla contact is excluded by the elongate maxilla. The dorsal surface of
the nasals is inflated just anterior to the orbits and at their medial contact they present a
median and elongate depression (Fig. 2). The wide, anterior triangular process of the frontal
divides the posteriormost region of the nasals. Here the nasals form a thin process, which
curves posterolaterally and approaches but does not reach the orbital margin. Thus, the
prefrontal and frontal retain a thin contact along the orbital margin only. Laterally, the nasals
extensively contact the medial margin of the prefrontal and more anteriorly they contact the
anterior process of the lacrimal.

Postorbital—The postorbital forms the anterolateral margin of the supratemporal
fenestra. Its posterior process consists of a thin bar that extends almost two thirds the length
of the supratemporal fenestra. Laterally, this process is grooved and bears three foramina (Fig.
2). The postorbital closes the posterior margin of the orbit where it is slightly elevated in a
semi-spherical shape. Its dorsal surface is not ornamented. The postorbital bar (Fig. 6A, B) is
not inset from the jugal, which leaves the jugal obscured in dorsal view. The postorbital also
forms most of the ventral margin of the orbit and sends a massive and short subcircular bar
onto the lateral surface of the jugal (Fig. 6A, B).

Jugal—The anterior extension of the jugal is best seen in PRC-11 (Fig. 6A, B). Here
it forms the anterolateral margin of the orbit (Figs. 2, 6), contacts the lacrimal along a straight

medial suture, and contacts the maxilla laterally. The jugal sends a small, pointed, anterior



process slightly beyond the forward extension of the prefrontal. The jugal is excluded from
the antorbital fenestra by the lacrimal (Figs. 3, 6).

The jugal includes a thin but wide plate that bears a broad depression on its
ventromedial surface (Fig. 3B) and receives the postorbital bar dorsally. Medioventrally, the
jugal accommodates the ectopterygoid. The posterior jugal process extends from the plate and
is dorsally concave and flat. It continues for most of the infratemporal length before
contacting a short anterior process of the quadratojugal near the posteroventral corner of the
infratemporal fenestra.

Frontal—The dorsal surface of the unpaired frontal is flat and ornamented with ovoid
to circular pits (Fig. 2). The frontal participates in the posteromedial corner of the orbit and in
most of the anterior margin of the supratemporal fenestra, which it overhangs. The anterior
process of the frontal is short, but terminates anterior to the orbits, where it divides the
posterior tips of the nasals (Figs. 3, 7, 8) and participates in the posterior margin of a slit-like
depression. This process reaches the same level as the anterior processes of the prefrontals.
The frontal-postorbital suture is V-shaped, pointing in a lateral direction. The frontal
contributes to the posteromedian corner of the supratemporal fenestra where it is supported by
the laterosphenoid (Figs. 3B, 6A). Posteriorly on the intertemporal bar, the frontal sends a thin
and short V-shaped process within the parietal. The frontal forms less than one third the
length of the intertemporal bar.

Prefrontal—The tear-drop shaped prefrontal forms the anteromedial margin of the
orbit (Figs. 2, 6B, D). Its acute posterior end narrowly contacts the orbital margin of the
frontal. As seen in dorsal view, the medial margin of the prefrontal is convex with a broad
nasal contact. The prefrontal is longer than wide and its suture with the lacrimal lies near the

medial margin of the orbit. The prefrontal sends a short and pointed anterior process between



the lacrimal and nasal. This process runs along a depressed surface, clearly visible on both
sides of the skull.

Lacrimal—The lacrimal forms most of the anterior and all of the anterolateral
margins of the orbital rim (Figs. 2, 6B, D). It is about two times longer than the medially
bordering prefrontal and contacts the nasal along its anteromedial border (Fig. 2). The
lacrimal-jugal suture is difficult to follow but the jugal prevents a lacrimal-postorbital contact
along the orbital margin. The lacrimal forms the dorsal and posterior margin of the antorbital
fenestra. The bone projects slightly anterior to this fenestra. The anterior tip of the lacrimal is
pointed.

Parietal—The parietal forms most of the intertemporal bar (Figs. 3, 6A). Its dorsal
surface is narrow anteriorly but expands posteriorly to give the dorsum of the skull a
triangular shape. Here, the parietal is ornamented with a few oval and well-spaced pits. The
parietal reaches the occipital margin where it covers the supraoccipital. Lateral to the
intertemporal bar, the parietal is almost vertical. Much of the posterolateral parietal process
forms the posterior wall of the supratemporal fossa and faces anterodorsally. Together with
the squamosal, the parietal participates in the dorsal portion of the mediolaterally elongated
orbitotemporal foramen (Figs. 2, 3, 10). Within the supratemporal fossa, the parietal forms
extensive sutures with the laterosphenoid and prootic.

Supraoccipital—The supraoccipital is covered dorsally but visible posteriorly
between the parietal and exoccipital. The post-temporal foramen is large (Fig. 10H) and
pierces the supraoccipital dorsolaterally. Its roof is formed by the parietal.

Squamosal—The squamosal forms the posterolateral portion of the supratemporal
fossa and sends an elongate process along the lateral margin of the supratemporal fenestra. Its
anterior process nearly reaches the anterior half of the fenestra where it is overlapped dorsally

by the posterior process of the postorbital to complete the supratemporal arcade. The large



posterior squamosal surface is smooth, faces anterodorsally and slopes within the
supratemporal fossa. The squamosal forms the laterodorsal margin of the orbitotemporal
foramen. Along the posterior margin of the skull roof, PRC-8 is sufficiently well preserved to
show two outgrowths for muscle or tendon attachment (Fig. 10), possibly for M. depressor
mandibulae. The posterolateral portion of the squamosal projects ventrally and forms the
dorsal wall of the otic recess. Dorsally, the squamosal houses a shallow and slightly concave
surface (Fig. 6C) common in thalattosuchians (e.g., Martin and Vincent, 2013).

Exoccipital—The exoccipital is a complex structure. Its dorsal margin is medially
high but rapidly descends laterally. The exoccipital bears a prominent lateral process visible
in dorsal view and clearly projecting from the occipital margin. Anterolateral to the process,
the exoccipital contacts the ventral process of the squamosal described above. Ventrally, the
exoccipital overhangs the exoccipital plate, which is well developed laterally and sits on the
medial quadrate condyle. Those two exoccipital plates enclose the large and deep
cranioquadrate passage (Figs. 6C, 10H, F). The lateral-most wall of this passage is formed by
the exoccipital, which is notched at this level and connects to the otic area. Here, the
squamosal and quadrate do not meet and do not prevent the cranioquadrate passage from
entering the otic area. The medial area of the exoccipital bears a circular foramen for cranial
nerve XII, which sits above the level of the occipital condyle. The foramen vagi opens
laterally, at the same level as the occipital condyle (Fig. 10).

Basioccipital—The basioccipital forms the occipital condyle and a ventrally short but
complex basioccipital plate (Fig. 10). The right basioccipital tuberosity is preserved,
indicating the process is bifurcated as in other teleosaurids. Laterally, the basioccipital
tuberosity displays a prominent process just ventral to the exoccipital suture. Here, the
foramen for the carotid artery is located on the lateral margin of the tuber at the limit between

the basioccipital and the exoccipital. This foramen is much smaller than in other



thalattosuchians — a condition previously discussed in relation to salt water tolerance
(Herrera et al. 2013; Wilberg 2015a). A large ovoid fossa corresponding to the eroded lateral
Eustachian opening is visible at the base of the basioccipital in PRC-8 and PRC-9.

Basisphenoid—As seen in ventral view (Figs. 2, 7), the basisphenoid occupies a large
surface anterior to the basioccipital and posterior to the pterygoid. Its anterior margin sends a
triangular process into the palatal portion of the pterygoid. The basisphenoid is laterally
bounded by the quadrate. The basisphenoid is longer than wide and presents on its ventral
surface a pair of V-shaped ridges (Fig. 9). The median Eustachian foramen is delimited
anteriorly by the basisphenoid. This foramen is clearly visible between the basioccipital
tuberosities.

Quadrate—The quadrate ramus is short and mediolaterally expanded so that it is not
visible in dorsal view. The quadrate ramus does not project posteriorly beyond the level of the
occiput. The condylar surfaces face posterolaterally. The medial hemicondyle is concave and
is taller than the lateral hemicondyle, which is convex. Dorsally, the medial hemicondyle is
barely exposed due to the lateral extension of the exoccipital. The dorsal ramus of the
quadrate penetrates the supratemporal fossa, forming the ventral margin of the orbitotemporal
foramen (Fig. 10B). Dorsolaterally, the quadrate sends an anterior process below the
squamosal along the first third of the supratemporal margin. Behind this process, the quadrate
forms the anterior and ventral margin of the otic area, as well as the anterodorsal margin via a
thin lamina (Fig. 6C). The ventral surface of the quadrate bears a broad but faint muscle scar
spanning most of the mediolateral length of the bone. Medially, the quadrate surrounds the
ventral margin of the foramen ovale. The primary head of the quadrate sutures with the
squamosal and the prootic but does not reach the laterosphenoid. Ventral to the foramen
ovale, the pterygoid process of the quadrate does not contact the laterosphenoid, as they are

separated by the trigeminal canal of the foramen ovale (Fig. 6A). In PRC-11, the dorsal



surface of the quadrate ramus bears a wide and shallow ovoid depression (Fig. 6C), as in
Machimosaurus hugii (Martin and Vincent, 2013).

Quadratojugal—The quadratojugal can be seen on the right side of PRC-11, where it
forms the posteroventral corner of the lower temporal fenestra, excluding the jugal from this
area. It extends slightly anteriorly along the infratemporal bar (Fig. 3). The quadratojugal is
smooth and does not seem to ascend along the dorsal margin of the fenestra. In lateral view, it
hides the lateral hemicondyle of the quadrate. There is no quadratojugal spine.

Pterygoid—The pterygoid forms the posterior area of the suspensorium. In ventral
view (Figs. 2, 8), the pterygoid wings are poorly developed, allowing observation of the
ventral surface of the quadrate. The medial body of the pterygoid consists of a thin lamina,
which builds most of the roof of the choanae. In ventral view, the choanae are elongate and
occupy most of the ventral surface of the pterygoid, opening posteriorly in the continuity of
the basisphenoid. The choanae are shallow in their pterygoidal portion and are divided by a
well-marked septum that runs along the entire pterygoid length into the palatine. The palatine-
pterygoid suture sits anterior to the posterior level of the suborbital fenestra. The pterygoid
participates in the posterior margin of the suborbital fenestra where it contacts the
ectopterygoid laterally. The posteromedial edge of the pterygoid accommodates the pointed
anterior process of the basisphenoid. The bony torus transiliens is positioned anterior to the
posteromedial margin of the pterygoid (Fig. 8). It is dorsally inflated and has the shape of a
pea in lateral view.

Ectopterygoid—The ectopterygoid participates in the posterior half of the lateral
margin of the suborbital fenestra and extends within the posterior level of the orbits (Figs. 3,
10). The bone is flat and sutures with the ventral margin of the pterygoid wing. The
ectopterygoid does not reach the posterior-most level of the pterygoid torus transiliens.

Anteriorly, the ectopterygoid contacts the palatal process of the maxilla. The ectopterygoid is



separated from the tooth row by a long posterior palatal extension of the maxilla (Figs. 2, 7).
The ectopterygoid contacts the jugal anterodorsally.

Palatine—The anterior portion of the palatine is best preserved in PRC-11 whereas
the posterior portion is best preserved in PRC-238. The anterior process of the palatine
consists of a long and thin triangular projection between the maxillae, reaching the level of
the 18™ maxillary alveolus in PRC-11, where the rostrum becomes constricted (Fig. 2). At the
level of the 21 or 22™ maxillary alveoli, a pair of small and longer-than-wide foramina
pierces the ventral surface of the palatines near the anterior suture with the maxilla (Figs. 3B,
7D). In the continuity with these foramina, a pair of shallow grooves extends onto the ventral
surface of the maxilla. The palatine contributes to the entire medial surface of the suborbital
fenestra. In this area, and posteriorly until the level of the choanae, the lateral edges of the
palatine remain parallel to each other. The palatine-pterygoid suture is difficult to discern in
most specimens. On the left side of PRC-11, the palatine contributes to the lateral wall of the
choanae, thus the pterygoid may be participating in the posteromedial corner of the suborbital
fenestra. The choanae occupy most of the palatal width. A prominent pterygoid septum
divides the anterior area of the choanae and seems to connect both dorsal and ventral margins
of the palatine. The lateral margin of the palatine is almost parallel to the medial margin of the
ectopterygoid. The palatine is wide — even wider than one suborbital fenestra. In PRC-238,
the incomplete nature of the skull roof allows the palatine to be observed in dorsal view. It
bears numerous cracks and is slightly inflated dorsally.

Laterosphenoid—The laterosphenoid is well preserved in PRC-11 and in PRC-8
(Figs. 3, 6, 10). Its main body is anteroposteriorly elongate and has a solid dorsal connection
with the frontal and parietal along the medial wall of the supratemporal fossa. The
laterosphenoid capitate process is spatulate and seems to contact the postorbital only with its

anterolateral-most tip. The laterosphenoid contributes to the anterodorsal margin of the



trigeminal foramen (Figs. 6, 10) where it shows a distinct groove for cranial nerve V. Dorsal
to this groove, the laterosphenoid contacts the prootic. This sutural area is slightly inflated and
delimiting insertions for Mm. pseudotemporalis superficialis and adductor mandibulae
externus profundus (Fig. 6A) as described by Holliday and Witmer (2009). Running
anteroventrally from the trigeminal opening, a marked groove corresponds to the ophthalmic
branch of the trigeminal nerve. However, it is uncertain whether this groove runs on the
laterosphenoid or on a dorsal portion of the pterygoid. Assuming this groove is formed by the
pterygoid, there would be no contact between the laterosphenoid and quadrate.

Prootic—The prootic is not discernible from other bones of the braincase in most
specimens but can be detected in PRC-11 where it is cracked, as well as in PRC-8 where its
sutures with other bones of the posteromedial region of the supratemporal fossa are visible
(Figs. 3, 6, 10). In its lateral-most region, the prootic is thin and forms the ventral margin of
the orbitotemporal foramen. More medially, the prootic expands dorsoventrally and dorsally,
it possesses an extensive contact with the parietal dorsally and abuts the laterosphenoid
anteriorly, above the level of the opening for the trigeminal nerve.

Endocast—A rubber cast from the endocranial cavity of PRC-8 allows some features
to be described from the right side of the endocast (Fig. 10). The cerebrum is clearly visible
with its lateral bulbous expansion typical of thalattosuchians (Brusatte et al. 2016; Pierce et al.
2017). The constriction separating the cerebrum from the cerebellum appears narrower than in
Steneosaurus sp. (Brusatte et al. 2016) or in Pelagosaurus typus (Pierce et al. 2017). The
olfactory tract is long and its dorsal surface is straight. The specimen does not preserve the
olfactory bulbs and it is unknown whether the tract is bifid as in Pelagosaurus typus (Pierce et
al. 2017). Ventral to the cerebrum, there is a small expansion that topologically corresponds
to the pituitary gland (pituitary fossa) of other crocodylomorphs. However, its small size may

indicate poor preservation. Ventral to the cerebellum, the branch for the trigeminal nerve is



visible and is directed anteroventrally. Lateral to the cerebellum, an extensive concave surface
accommodates the tympanic bulla. Dorsal to it, a poorly preserved crest might indicate the
position of the dorsal branch of the longitudinal sinus. Posteriorly, the medulla oblonga is

preserved.

Mandible

The mandibular elements are available in six specimens, the best example being PRC-
11. Ornamentation occurs only on the lateral and ventral surfaces of the dentary, with small
circular foramina in the anterior area (Figs. 2, 3). From the middle of the dentary, the
foramina are elongate and aligned craniocaudally. At the level of alveolus 26, there is an
elongate groove (nearly 3 cm long in PRC-11).

Dentary—The dentary symphysis is extensive, incorporating the first 16 alveoli (Figs.
2, 3). Its anterior-most area is forked. The morphology of the dentary mirrors that of the
maxilla with a convex occlusal surface and alveoli facing slightly dorsolaterally. The dentary
tooth rows remain straight and parallel for most of their length; i.e., corresponding to the
entire length of the mandibular symphysis, except for the last five alveoli, where the tooth
row turns gently outward. The alveoli progressively decrease in diameter toward the posterior
end of the tooth row. In lateral view, the tooth row is straight, except at the level of the
enlarged third and fourth alveoli (Figs. 2, 3). A set of small foramina borders the medial side
of the alveoli along a ridge running for the entire length of the dentary. As seen in lateral
view, the dentary forms the anterior margin and sends a process along the dorsal and ventral
margins of the external mandibular fenestra.

The first dentary alveolus is large and protrudes anteriorly. A smaller and more
laterally protruding alveolus follows. A pair of confluent alveoli comprises the large alveoli 3

and 4, which are distinctly raised above the remaining dentary tooth row and occlude in the



diastema located on the posterior edge of the premaxilla. Ventrolateral to the pair, the dentary
alveolus 5 opens more laterally than any other alveoli in the tooth row, giving the mandible a
distinct profile (also seen in PRC-238) — condition is found in other teleosaurids. The right
dentary alveolar count of PRC-11, the most complete specimen, is 31 and this is confirmed by
the CT data (Fig. 5). This count is in the range of some teleosaurids such as Lemmysuchus
obtusidens or Steneosaurus durobrivensis (Andrews, 1913; Johnson et al. 2017) but unlike
that of Machimosaurus (19 to 22 alveoli; Martin and Vincent, 2013) or the longirostrine
Steneosaurus leedsi (43 to 44 alveoli; Andrews, 1913).

Splenial—The ventral surface of the splenial shows fine striae (Figs. 2, 9), except near
the posterior margin of the symphysis where some shallow furrows are present. The splenial
strongly contributes to the mandibular symphysis, reaching anteriorly onto the dorsal surface
at the level of dentary alveoli 16-17 and extending posteriorly to the level of the 25™ dentary
alveolus. In ventral view, the pointed tip of the splenial reaches further anteriorly, toward
dentary alveoli 13 (Figs. 2, 3, 9). The symphysis reaches the level of the 20™ alveolus in
Machimosaurus (Martin and Vincent, 2013), the 24™ alveolus in Lemmysuchus obtusidens
(Andrews, 1913; Johnson et al. 2017) and the 33™ alveolus in the longirostrine species
Steneosaurus leedsi (Andrews, 1913). Posteriorly, the splenial forms the medial margin of the
mandibular ramus, extensively meeting the angular. Posterior to the mandibular symphysis,
the splenial remains thick medial to the posterior dentary tooth row. The splenial projects
posteriorly further and contacts the anterior surangular process. As observed in medial view,
the splenial sends a posterior rod-like process along the ventral margin of the medial
mandibular fossa, which contacts the anterior process of the prearticular.

Coronoid—The coronoid is not clearly identified but seems to correspond to a wide
lamina forming the anterior margin of the medial mandibular fossa, as seen on the right side

of PRC-11 (Figs. 2A, 3A). The coronoid seems to be bounded anteriorly and ventrally by the



splenial and may contact the dentary laterally. As observed in occlusal view, a long bony
groove is pinched between the splenial and dentary and stretches from dentary alveolus 23
until the anterior tip of the surangular (Fig. 3A). A similar structure was attributed to the
coronoid in Steneosaurus leedsi by Andrew (1913) and Lemmysuchus obtusidens by Johnson
etal. (2017).

Angular—The angular contributes to the ventral and posteroventral margin of the
external mandibular fenestra (Figs. 2, 3). As observed in lateral view, the angular reaches
two-thirds of the mandibular height posterioly. The angular posteroventral margin is gently
curved with a convex shape. The angular reaches the posterior-most tip of the retroarticular
process, wrapping around the ventral margin of the articular. The surangular-angular suture is
nearly straight on the lateral surface of the mandible and intersects the posterior margin of the
external mandibular fenestra at mid-height. Within the external mandibular fenestra, the
medial surface of the angular is slightly concave and smooth. Medially, the angular is flat and
exhibits a long groove, which stretches to the posterior-most tip of the mandible. As observed
in medial view, this flat surface of the angular provides a distinct rim on the posteroventral
margin of the mandible. As seen in medial view, the angular accommodates a splenial-
prearticular contact. Here, the angular is not inflated and the muscular anchor that receives the
attachment of the medial mandibular musculature is not developed. As observed in ventral
view, in its anterior area, the surface of the angular is flat and wide. It also sends a long
anterior pointed process that wedges between the splenial medially, and the dentary laterally.
In its posterior region, the ventral surface of the angular consists of a thin ridge, which does
not show any lateral or medial extension for adductor musculature attachment.

Surangular—The surangular extends from the level of the orbit almost to the tip of
the retroarticular process (Figs. 2, 3). As in most teleosaurids, the surangular consists of a thin

bar that contributes to the dorsal and posterodorsal margin of the external mandibular



fenestra. In lateral view, the surangular sends a thin and elongate posterior process that
becomes pinched between the angular and articular. This process nearly reaches the posterior-
most tip of the retroarticular process. At the level of the articular glenoid fossa, the surangular
expands dorsally and hides the articular in lateral view. There, on the lateral surface of this
expansion, a small half-moon shaped pit is visible. In the area anterior to the external
mandibular fenestra, the surangular sutures over the dentary. Medially, the anterior-most
process of the surangular contacts the splenial. The surangular approaches the posterior-most
dentary alveolus but does not send any process lateral or medial to the dentary tooth row. The
dorsal surface of the surangular remains thin and smooth throughout the length of the bone.

Prearticular—The medial surface of the articular is visible on the right mandibular
ramus of PRC-11 but is highly fractured. Here, a prearticular is likely present, covering the
medial surface of the articular foot. The prearticular sends an anterior laminar process over
the angular, along the ventral margin of the medial mandibular fossa. Anteriorly, this process
seems to contact a posteriorly elongated projection of the splenial, as clearly seen on the left
element of PRC-238 (Fig. 8). Although this bone is difficult to examine due to its internal
anatomical position, the presence of a prearticular may be a symplesiomorphy of
Thalattosuchia because it is shared by metriorhynchoids (Andrews, 1913) and by teleosaurids
(Martin et al. 2015).

Articular—The articular has a long triangular outline in dorsal view (Figs. 2, 3). It
includes a posterodorsally oriented prominent retroarticular process bearing a well-developed
mediodorsal projection. This projection is in line with the posterior transverse buttress of the
glenoid that separates the glenoid fossa from the retroarticular process. On its dorsal surface,
the retroarticular process is demarcated by an acute ridge running anteroposteriorly, which
separates a medial fossa from a lateral one. The posterior tip of the retroarticular process is

rounded. The transverse buttress of the glenoid is wavy, matching the posterior margin of the



quadrate. The lateral glenoid fossa is twice as wide as the medial glenoid fossa and both areas
are delimited by an oblique curve that fits into the quadrate condylar ridge. The foramen
aéreum cannot be identified with certainty. On the medial side, the articular surface is deeply
concave and hosts a foramen in its inner-most corner. In lateral view, the retroarticular

process is posterodorsally curved and does not surpass the articular glenoid cavity (Figs. 2, 3).

Dentition

All teeth have a slender conical shape. Their apex is pointed and the crown is curved.
Although the enamel thickness is variable and depends on various parameters including tooth
position or tooth size along the tooth row; as an indication, the enamel has a thickness of 50
um near the apex of a sectioned tooth with a total diameter of 0.2 cm (Fig. 11). Mesiodistal
carinae are present but can be mistaken with the numerous, small, and similar-sized
apicobasal ridges ornamenting the labial and lingual surfaces of the enamel. Positive
identification of the mesiodistal carinae is established on the cross section of a tooth, where
both the external surface of the enamel and the underlying enamel-dentine junction show the
position of carinae (Fig. 11C). According to such a view in cross section, ridges ornamenting
the external surface of the enamel show no corresponding patterns at their underlying level
(i.e., below at the enamel-dentine junction). On their external surface, the mesiodistal carinae

are smooth and devoid of pseudo-denticles.

Axial Skeleton

All vertebrae are amphicoelous. As indicated by the nearly complete and fully
articulated vertebral column (PRC-22, Fig. 12), the axis connects with a suite of 7 cervicals,
15 thoracals (dorsals), 2 sacrals and the first 2 caudal vertebrae. No notable anatomical

differences were detected with other teleosaurids.



Atlas-Axis— Specimen PRC-15 (Fig. 12A, B) preserves the intercentrum and the
fragmentary right neural arch connected to it. In ventral view, this specimen shows a small
ventral process. Posterior to it, the median excavation is wide and shallow and separates a pair
of knobs for the articulation of the atlantal ribs. In another specimen, PRC-17, the odontoid
process (atlas centrum) is fused to the axis (Fig. 12C, D). In lateral view, its corpus is
anteriorly delimited by a thick ridge that represents the facet for the atlas neural arch.
Posterior to it, the corpus of the odontoid process is concave up to the suture with the axis.
Ventrally, the odontoid process shows a sagittal suture, indicating the bone is paired (Fig. 12).
On both sides, there is an ovoid concavity. The axial rib facet is extending both on the
ventrolateral edge of the odontoid as well as on the anterolateral edge of the axis. The axial
centrum is longer than deep and, although there is no hypapophysis, its ventral surface bears a
faint ridge for its entire length. The neural arch of the axis is poorly preserved as regards the
zygapophyses. The neural spine is low and extends for the entire anteroposterior length of the
axis.

Cervical Vertebrae—An anterior cervical vertebra (PRC-18) (Fig. 12E, F) is slightly
longer than high. No hypapophysis is present but it displays a marked ventral ridge that runs
throughout. The parapophysis is distinctly long, representing half of the centrum length. It
merges with the anterior facet of the centrum, contrary to the diapophysis, which extends only
in the middle of the centrum at the limit with the suture of the neural arch. The diapophysis is
long and directed obliquely ventrally. The rest of the neural arch is poorly preserved. Another
cervical vertebra from a more posterior position (PRC-959-14) is also longer than high. Here,
the ventral surface of the centrum is completely devoid of ridge and is smooth. The
parapophysis is still connected to the anterior margin but its section is circular and its

proximal process is close to the diapophysis. Both dia- and parapophyses build a wall that



delimits a strong concavity or fossa on the lateral side of the centrum. The anterior and
posterior margins are both underlining a markedly concave ventral margin of the centrum.

Thoracal Vertebrae—Two well-preserved thoracal vertebrae (PRC-20 and 21) are
connected (Fig. 101, J). The centra are longer than high and slightly mediolaterally
compressed. The ventral margin is concave and devoid of sagittal ridge. The main lateral
body of the centrum lacks a fossa. Despite the large size of the vertebrae indicating an adult
specimen, the suture of the neural arches with the centrum is apparent and unclosed (Fig. 12).
This calls for an investigation of neurocentral suture closure with maturity (Irmis, 2007) in
thalattosuchians. The neural spine is about as deep as the centrum and the distal margin is
straight and occupies two-thirds of the centrum length. The distal end of the neural spine is
thick at mid length and its dorsal surface is flat-to-concave for muscle attachment. The pre-
and postzygapophyses slightly extend beyond the anterior and posterior margins of the
centrum, respectively. Their orientation is oblique, at 45° from the transverse plane. The
transverse process consists of the fused capitulum/tuberculum (the posterior one being twice
longer than the anterior one). Their distal end is thick and rounded. The neural canal is ovoid
and less than half the diameter of the centrum.

Cervical Ribs—Several elements were found as isolated pieces. One of them (PRC-
19) (Fig. 12G, H) is nearly complete and free from the sediment. Its anterior process is broken
off at its tip and both anterior and posterior processes seem to be equal in length. The anterior
process is flat and the pointed posterior process bears a ridge near the ventral margin. The
capitulum is thicker than the tuberculum. The facet of the capitulum for the parapophysis is

ovoid and larger than the moon- shaped facet of the tuberculum for the diapophysis.

Appendicular Skeleton



Insights on relative humeral/femoral proportions could not be gathered directly
because the recovered elements were mostly disarticulated. However, one humerus was found
associated with a complete skull (PRC-239) and one femur was associated with another
complete skull (PRC-12) of similar dimensions (Table 1). Assuming no allometric change, a
rough humerus/femur ratio is estimated at about 0.63, which falls within the range for other
teleosaurids (Mueller-Towe, 2006).

Scapula—A right scapula (PRC-24) has a proximodistal length of 10.5 cm. The shaft
is long and mediolaterally compressed (Fig. 13). The posterior margin of the scapula is
straight and remains smooth throughout. It is slightly thicker than the anterior margin of the
bone. The laminar scapular distal end is fan-shaped and asymmetric with an anterior
projection. This gives to the anterior margin a concave outline. The proximal end of the
scapula is thick. Its lateral surface is flat and is delimited anteriorly by a ridge-like acromion
process and posteriorly by the thickened supraglenoid buttress. Medially, the corresponding
area is smooth and widely convex. The glenoid fossa faces posteroventrally with a slight
lateral component. The scapular synchondrosis is rugose and convex and occupies most of the
proximal surface.

Humerus—A complete left humerus (PRC-23) is preserved (Fig. 13). It is distinctly
long with a proximodistal length of 14.5 cm. The long shaft is rod-like and nearly straight.
Proximally, the medial margin expands obliquely, resulting in a wide concave medial margin.
The humeral head is thus shifted medially from the rest of the shaft and sends a robust
humeral condyle posteriorly. A peg-like medial process is present at the base of the humeral
head. On the other side, the deltopectoral crest is faint but clearly visible. It is located away
from the humeral head and rests in line with the main shaft. The humerus is squarish in distal
view. A pair of shallow supracondylar ridges delimits a shallow, concave surface on the

medial margin. The articular surfaces for the radius and ulna are not individualized. On the



opposite side, the lateral and anteromedial epicondylar ridges are acute and extend along the
shaft for about 1 cm.

Ilium—A pair of large ilia is preserved (PRC-26 and 28) (Fig. 14) and although the
dorsal margin of PRC-26 is slightly eroded, the anterior and posterior processes are intact.
The ilium is quadrangular in lateral or medial view. Its anterior margin is slightly deeper than
the posterior margin and perpendicularly the dorsal blade is straight. The anterior process is
pointed and short and does not extend beyond the level of the anterior peduncle. The
acetabulum is wide and shallow and gives to the lateral surface of the bone a wide concave
aspect. In proximal view, both peduncles articulating with the ischium are bent laterally. The
anterior peduncle is particularly thick and divided in two condyles aligned anteroposteriorly;
the anterior-most one articulating with the pubis. The proximal surface of the posterior
peduncle is flat and triangular in outline.

Ischium—A right ischium (PRC-27) was found associated with the two ilia (PRC-26
and 28) (Fig. 14). It is nearly complete but has suffered from compression and cracks. The
general outline is preserved, with a nearly straight and obliquely oriented posterior margin
and a markedly concave anterior margin. The distal end is laminar and has the shape of an axe
with an anteriorly projecting process that reaches the level of the anterior process. The
acetabular foramen is more notched on the medial side. No pubic process was observed on the
anterior process, so the ischium seems to articulate only with the ilium. The anterior process
that articulates with the ilium is a rod-like shaft that bends slightly dorsally and projects
significantly anteriorly.

Femur—Several femora were recovered. The best preserved (PRC-25 associated to
the skull PRC-12) is a left (Fig. 14), but other femora are known (PRC-31 is a very large
partial with a proximal width of 4 cm). The femur possesses a distinct sigmoid outline and has

a proximodistal length of 17.5 cm and a proximal width of 3 cm. The shaft is mediolaterally



compressed and the distal half of the dorsal surface is narrow and ridge-like As in most
crocodylomorphs, the proximal end is mediolaterally compressed, being flat on the lateral
side and bearing a knob medially. Along the medial surface of the shaft, the fourth trochanter
is faintly expressed as a slightly shallow rugose area, located relatively close to the proximal
head. The distal end of the femur is strongly mediolaterally compressed. On the posterior
surface of the distal end, a shallow popliteal fossa divides the condyles for the tibia and fibula.
There is no intercondylar groove on the anterior surface. The lateral condyle is twice the size

of the medial one.

Osteoderms

Disarticulated osteoderms are common at the site. Four osteoderms of the dorsal row
were found associated with the skull PRC-8. They connect, the posterior one overlapping the
next anterior one. Their outline is subrectangular, being longer than wide. The dorsal side
bears a median keel that runs along the entire length of the osteoderm. Large circular pits of
variable size ornament the surface. The ventral side is slightly convex and bears a net of fine
ridges. The anterolateral edge bears a well-developed spine visible on the last three
osteoderms. The anterior margin of the bone next to the spine is not straight but convex.
Another dorsal osteoderm (PRC-29, Fig. 15A) is wider than long with a marked anterolateral
process. Here, a thick keel runs anteroposteriorly from the level of the anterolateral spine
toward the posterior edge. Lateral to the keel, the ornamented surface is laminar and presents
a strong convex margin. According to complete shields (e.g., the holotype of Platysuchus
multiscrobiculatus in Westphal, 1961), osteoderms from the mid-trunk region are wider than
long and correspond well with those of PRC-198 — whereas nearly rectangular osteoderms

such as those of PRC-8 are observed in the caudal region.



Osteoderms from the ventral shield are identified. The longest suite (PRC-30, Fig.
15B) consists of four partial osteoderms sutured to each other on their medial and lateral
margins by strong interdigitating sutures. Each row is overlapped in its anterior margin by
another row, thus each osteoderm shows a smooth and anteriorly inclined articular facet. All
the osteoderms are wider than long and their external surface is flat and ornamented with

large subcircular pits. Their anterior and posterior margins are not straight but undulating.

PHYLOGENETIC ANALYSIS

Indosinosuchus potamosiamensis gen. et sp. nov. and Machimosaurus hugii (SMNS 91415)
were coded into the matrix of Wilberg (2015a), which was constructed to explore
thalattosuchian relationships and includes a total of 78 taxa, including 24 thalattosuchians,
and 375 characters. Character codings for Indosinosuchus potamosiamensis gen. et sp. nov.
and Machimosaurus hugii (SMNS 91415) are available in Appendix 1. Peipehsuchus
teleorhinus Young 1948 from the Ziliunjing Formation of China was coded for the first time
by Wilberg (2015a) on the basis of the holotype (IVPP RV 48001) and the complete skull
(IVPP RV 10098). However, we highlight in the discussion below that IVPP RV 10098 may
not be referable to P. teleorhinus. As a consequence, distinguishing the rostrum (IVPP RV
48001) from the complete skull (IVPP RV 10098), we altered three character codings (174,
176 and 184). Moreover, we underline that Peipehsuchus teleorhinus is a nomen dubium (see
below) and because of its fragmentary condition, the rostrum (IVPP RV 48001) was not
included in the phylogenetic analysis. The phylogenetic analysis was performed using TNT
(Goloboff et al., 2003) with replicates of 1000 random addition sequences (Wagner trees)

followed by a round of TBR branch-swapping. A second round of TBR branch-swapping was



executed using the most parsimonious trees obtained in the first search and stored in the
RAM.

In order to further explore the interrelationships of teleosaurids, a smaller matrix
incorporating 14 teleosaurids plus Pelagosaurus typus as an outgroup taxon was designed for
18 characters (supplementary data). The teleosaurid taxa considered here include
Indosinosuchus potamosiamensis, Lemmysuchus obtusidens, Machimosaurus hugii,
Steneosaurus bollensis, Steneosaurus brevior, Steneosaurus durobrivensis, Steneosaurus
edwardsi, Steneosaurus heberti, Steneosaurus leedsi, Steneosaurus larteti, Steneosaurus
priscus, Platysuchus multiscobiculatus, Teleosaurus cadomensis and the Ziliujing teleosaurid.

This second analysis was also run in TNT with the parameters mentioned above.

Results

The original analysis of Wilberg (2015a) yielded 10 most parsimonious trees (MPTs)
of length 1654. The addition of Indosinosuchus potamosiamensis gen. et sp. nov. did not
change the number of MPTs but did add a total of 12 steps (1666). The strict consensus
topology is similar to that of Wilberg (2015a) with a monolophyletic Thalattosuchia
positioned near the base of Crocodylomorpha (Fig. 16). Within Teleosauroidea,
Indosinosuchus potamosiamensis and Machimosaurus hugii are recovered as sister taxa
within a broader group that includes IVPP RV 10098 and the Middle Jurassic pair
Steneosaurus leedsi and Steneosaurus durobrivensis; Steneosaurus larteti is basal to this
group. Another main group consists of the Middle Jurassic Teleosaurus cadomensis recovered
basal to the early Jurassic Pelagosaurus typus and then to the early Jurassic pair Platysuchus
multiscrobiculatus + Steneosaurus bollensis. All the above-mentioned taxa are recovered in a
sister taxon relationship to the Middle Jurassic Steneosaurus brevior + Steneosaurus

brevidens. Although the topology is well resolved, stratigraphic inconsistencies are present



and the deep nesting of P. #ypus within teleosaurids is dubious given contradicting hypotheses
based on character discussion or phylogenetic analyses placing P. #ypus either with
teleosaurids or with metriorhynchids (e.g. Buffetaut, 1982; review in Pierce and Benton,
2006; Young et al. 2012; Wilberg, 2015a, b). The organization of Metriorhynchoidea has not
changed and they are confirmed as sister to teleosaurids.

The second, more exclusive, analysis yielded a single MPT of 43 steps. The general
topology within teleosaurids is slightly different with S. bollensis as the basal-most taxon but
the new Thai taxon is recovered in a deeply nested position, as in the previous analysis (see

below for a detailed discussion).

DISCUSSION

Affinities and Comparisons

Resolving teleosaurid relationships remains challenging because of several factors
including preservation and the high degree of anatomical convergence involving several
characters, notably linked to snout elongation. Although their fossil record is rich and often
represented by complete and articulated specimens (e.g. Westphal, 1962; Mueller-Towe,
2006), teleosaurid skeletons preserved in shales or mudstones are often crushed and their
anatomical connection hampers complete observations of their anatomy. Teleosaurid
topologies are often characterized by disparate internal branchings (compare results in Jouve,
2009; Herrera et al., 2015 or Wilberg, 2015b). In addition, anatomical convergence in a clade
exclusively composed of longirostrine taxa adds substantial noise for establishing diagnostic
characters. In order to tackle species delineation, attempts have experimented with
morphometric methods (Adams-Tresman, 1987; Pierce et al., 2009) but teleosaurid

intrarelationships remain tentative. According to current consensus, a monophyletic



Teleosauridae excludes Pelagosaurus typus, which is considered a Thalattosuchia incertae
sedis (Pierce and Benton, 2006) and resolved at the base of Metriorhynchoidea (e.g. Young et
al. 2012; Wilberg, 2015b). The most recent phylogenetic investigations that include
teleosaurids are aimed at exploring the position of Thalattosuchia within Crocodylomorpha
(Wilberg, 2015b) or resolving metriorhynchoid relationships (e.g. Young et al., 2012;
Herrerra et al., 2015). Many recent analyses include teleosaurids with a similar species count
(n= 15 in Jouve, 2009; n =9 in Young et al., 2012; n = 8 in Martin and Vincent, 2013; n =9 in
Herrerra et al., 2015 or Wilberg, 2015b; n = 11 in Fanti et al. 2016). Fluctuations in species
content reflect whether Machimosaurus is considered mono- (Martin et al., 2015) or
plurispecific (up to n =4 in Fanti et al., 2016). Nevertheless, all these analyses (Young et al.,
2012; Martin and Vincent, 2013; Herrerra et al., 2015; Wilberg, 2015a, b; Fanti et al., 2016)
consistently recover teleosaurids as monophyletic.

Here, Indosinosuchus potamosiamensis gen. et sp. nov. is unambiguously resolved
within Teleosauridae (Fig. 16A). The present result, using the matrix of Wilberg (2015a)
confirms a previous result (Martin et al., 2016) using the earlier matrix of Young et al. (2009).
The inclusion of Indosinosuchus potamosiamensis gen. et sp. nov. in Teleosauridae is
supported by the presence of the following synapomorphies: skull roof with large
supratemporal fenestrae, lateral margins of supratemporal arches located below level of
sagittal crest, squamosal devoid of ornamentation, anterior processes of nasals do not reach
premaxillae, postorbital longer than squamosal, long mandibular symphysis involving
splenials, pendulous and bifid basioccipial tubera. The recovery of Pelagosaurus typus deeply
nested among teleosaurids contradicts recent hypotheses proposing a sister group position to
Teleosauridae and Metriorhynchidae (Clark, 1994) or recovering it as the basal-most

metriorhynchoid (e.g. Young et al., 2012; Wilberg, 2015b).



Restricting the ingroup to teleosaurids and forcing Pelagosaurus typus to be the
teleosaurid outgroup, produces an alternative phylogenetic topology. Here, one tree of 43
steps was recovered (Fig. 16B). Steneosaurus is not monophyletic and more work will be
needed to define what constitutes Steneosaurus. Among the most deeply nested teleosaurids,
IVPP RV 10098 is recovered a sister to the exclusive clade of Steneosaurus durobrivensis and
Lemmysuchus obtusidens; they are collectively united by nasals shorter than the
supratemporal fenestrae (ch. 3) and a parietal restricted to the posterior margin of the skull
roof (ch. 13). The sister group to this clade is Machimosaurus hugii and Steneosaurus priscus,
lineage which is diagnosed by the absence of an antorbital fenestra (ch. 2) and by small orbits
relative to the interorbital width (ch. 1). An absence of antorbital fenestra characterizes other
taxa such as Lemmysuchus obtusidens, Steneosaurus durobrivensis, Steneosaurus edwardsi
and Steneosaurus heberti, which are not closely related according to the present hypothesis.
This analysis therefore does not support the monophyletic Machimosaurini recently proposed
by Jouve et al. (2016) to include Machimosaurus and L. obtusidens — unless Steneosaurus
priscus and IVPP RV 10098 are also included. According to the present results,
Indosinosuchus potamosiamensis is recovered basal to the aforementioned group, all of them
characterized by an external mandibular fenestra with equally tall anterior and posterior
margins (ch. 17). The clade containing Steneosaurus brevior, Platysuchus multiscrobiculatus
and Teleosaurus cadomensis is characterized by a supratemporal fenestrae whose length is
subequal to its width (ch. 6). Both this clade and the clade including Indosinosuchus
potamosiamensis are united by laterally expanded premaxillae (ch. 8). Steneosaurus larteti,
Steneosaurus heberti + Steneosaurus edwardsi and Steneosaurus leedsi represent successive
sister groups with premaxillae in line with the rest of the rostrum. The basal-most teleosaurid
is S. bollensis, which is the only teleosaurid possessing subrectangular dorsal osteoderms (ch.

16), a condition shared with Pelagosaurus typus.



Here, further discussion is based on comparative anatomy, involving similarities and
differences that are not necessarily included in the datamatrix. In comparison to other
teleosaurids, the Phu Noi teleosaurid has a rostrum to skull length ratio of 0.66 and can be
qualified as falling in a group of teleosaurids with a moderately elongated rostrum such as
Steneosaurus brevior, Steneosaurus edwardsi, Steneosaurus durobrivensis, Steneosaurus
obtusidens and Machimosaurus hugii. Steneosaurus larteti and Steneosaurus heberti have
comparable ratios but their rostrum is much slender. All other teleosaurids known from
complete skulls have a slender and more elongate rostrum with a ratio of circa 0.75 and above
such as Teleosaurus cadomensis, Steneosaurus bollensis, Steneosaurus gracilirostris,
Steneosaurus leedsi, specimen IVPP RV 10098) and Platysuchus multiscrobiculatus.

As in most teleosaurids, the premaxillae of the new Thai taxon are moderately
expanded laterally. This expansion is variably expressed and is prominent in taxa such as
Teleosaurus cadomensis according to the reconstruction provided by Eudes-Deslongchamps
(1870), Platysuchus multiscrobiculatus (see holotype in Westphal, 1961), and IVPP RV
10098 referred to Peipehsuchus teleorhinus by Li (1993). Exceptions include Steneosaurus
bollensis, Steneosaurus gracilirostris and Steneosaurus leedsi where the lateral margin of the
premaxilla is nearly aligned with that of the maxilla.

The Thai taxon possesses 4 premaxillary alveoli, as in IVPP RV 10098, Steneosaurus
megistorhynchus, Steneosaurus leedsi, Steneosaurus larteti and Steneosaurus durobrivensis
(Eudes-Deslongchamps, 1870; Andrews, 1913; Godefroit, 1995). Eudes-Deslongchamps
(1870) reconstructs four to five alveoli per premaxilla in Teleosaurus cadomensis. Other
teleosaurids possess three alveoli per premaxilla such as Machimosaurus hugii, Steneosaurus

heberti, Steneosaurus gracilirostris, Platysuchus multiscrobiculatus, Steneosaurus brevior

(Buffetaut, 1982; Martin and Vincent, 2013; Morel de Glasville, 1876; Mueller-Towe, 2006).



The premaxillary alveolar count is variable in Steneosaurus bollensis with 3 to 4 alveoli
according to Mueller-Towe (2006).

The Thai taxon possesses 30 maxillary alveoli, a count which falls in the range
observed for Steneosaurus bollensis (2635 according to Mueller-Towe, 2006). Teleosaurids
with a smaller maxillary alveolar count include the mesorostrines Machimosaurus hugii (22)
and Steneosaurus brevior (25) (Mueller-Towe, 2006; Martin and Vincent, 2013),
Steneosaurus edwardsi (23) (Eudes-Deslongchamps, 1863—1867) or IVPP RV 10098 (27)
whereas all other teleosaurids with longer rostra have more than 30 maxillary alveoli such as
Teleosaurus cadomensis (45 according to the reconstruction of Eudes-Deslongchamps, 1870),
Steneosaurus gracilirostris (45-57, Mueller-Towe, 2006), Steneosaurus leedsi (41-42,
Andrews, 1913), Platysuchus multiscrobiculatus (30—40, Mueller-Towe, 2006), Steneosaurus
larteti (32 according to the reconstruction of Eudes-Deslongchamps, 1870), Steneosaurus
heberti (36, Morel de Glasville, 1876), and Steneosaurus durobrivensis (30, Andrews, 1913).

As in several teleosaurids, the anterior margin of the supratemporal fenestra, as seen in
dorsal view, is perpendicular to the sagittal plane. The same anterior margin in Steneosaurus
leedsi, Steneosaurus heberti and Steneosaurus durobrivensis is gently convex. Platysuchus
multiscrobiculatus is unique in having a strongly oblique anterior margin of the supratemporal
fenestra.

The Thai taxon is similar to many teleosaurids in having supratemporal fenestrae
whose length is nearly twice its width; these include Steneosaurus leedsi, Steneosaurus
larteti, Steneosaurus heberti, Steneosaurus durobrivensis and Machimosaurus hugii. On the
contrary, the fenestrae are only slightly longer than wide in Steneosaurus brevior,
Steneosaurus gracilirostris, Steneosaurus bollensis and as long as wide in Teleosaurus

cadomensis and Platysuchus multiscrobiculatus.



The main results of the phylogenetic analyses concerning /ndosinosuchus
potamosiamensis are: 1) this new taxon is unambiguously recovered within Teleosauridae;
and 2) it does not form an exclusive clade with the Ziliujing teleosaurid IVPP RV 10098.

Further details on the systematics of the Chinese form are detailed below.

Peipehsuchus teleorhinus and the Phu Noi Teleosaurid

Proving the Phu Noi teleosaurid is or is not distinct from Peipehsuchus is difficult due
to the poor preservation of the holotype of Peipehsuchus teleorhinus (IVPP RV 48001) and
because we are not certain that material referred to this taxon (Li, 1993) is really conspecific
(see below).

The holotype IVPP RV 48001 consists of the anterior part of a rostrum with
premaxillae and the anterior part of the maxillae preserved up to the level of the sixth alveoli
(Fig. 17A—C). This specimen displays forward facing external nares, premaxillae enclosing
the external nares, three premaxillary alveoli, widely spaced and similarly sized maxillary
alveoli, a marked premaxillary-maxillary embayment. All these characters, even used in
combination are commonly observed among teleosaurids and do not validate a distinct
species. We therefore consider Peipehsuchus teleorhinus a nomen dubium.

Li (1993) described a complete skull that she referred to P. teleorhinus. However, it is
unclear whether both specimens come from the same locality and even from the same
stratigraphic level (see discussion below on the age of teleosaurids from Asia). Moreover, on
what is comparable, the number and size proportions of premaxillary alveoli of the holotype
differ from those in the premaxilla of the complete skull (IVPP RV 10098) (Fig. 17D). In
IVPP RV 10098, the premaxilla possesses four alveoli, the first two being contiguous and
positioned close to the median premaxillary suture. Noteworthy are the different profiles of

the premaxillae in those two specimens: in the holotype, the premaxilla is as long as wide in



ventral view with the last two premaxillary alveoli aligned; on the other hand in IVPP RV
10098, the premaxilla is wider than long with the last; i.e., the fourth, premaxillary alveolus
shifted laterally from the third premaxillary alveolus. Admittedly, the premaxillae of the
holotype are not well preserved and the observed difference in outline may reflect damage of
the lateral rims of the premaxillae that would have extensively eroded the alveolar margins of
the last premaxillary alveoli in the holotype. Due to the poor preservation of the holotype, the
apparently different morphology observed in IVPP RV 10098, and uncertainties concerning
the geographical and stratigraphical location of the holotype, we question the assignation of
IVPP RV 10098 to the same species as [IVPP RV 48001.

Restricting our comparison to the holotype IVPP RV 48001, none of the specimens
from the Phu Noi locality could be assigned to Peipehsuchus teleorhinus based on at least two
characters. In all Thai specimens and contrary to [IVPP RV 48001, the premaxilla possesses
four alveoli, not three; and in dorsal view, the posterior margin of the external nares is
concave, not convex. A premaxillary alveolar count differing by one alveolus may be
population-level variation but none of the six skulls preserving the premaxillae possess three
alveoli: they all have four. It could also be argued that the outline of the external nares may be
affected by deformation. Again, in the six skulls from Phu Noi where complete premaxillae
are preserved under variable sedimentary compression, all display a concave posterior margin
of the external nares suggesting that the material from Phu Noi is not comparable to [IVPP RV
48001.

Comparing the Phu Noi specimens with specimen IVPP RV 10098 is more convenient
due to its relative completeness. Overall, many similarities have been noted (Martin et al.
2016) and they both share (1) the presence of a relatively large and slit-like antorbital fenestra
bordered dorsally by the lacrimal; (2) the nasals excluded from the narial border; (3) the same

premaxillary alveolar counts with 4 alveoli; and (4) longer than wide supratemporal fenestrae.



In addition to their different phylogenetic positions, several differences are also pinpointed
here and include: (1) the general morphology of the premaxilla, which is laterally expanded in
IVPP RV 10098 versus as long as wide in the Thai taxon (although dorsoventral compression
may alter its outline); (2) the relative position of the last premaxillary alveolus, which is
shifted laterally and is the largest in [IVPP RV 10098 but is aligned with the third and of
similar diameter in the Thai taxon; (3) a different maxillary alveolar count with 30 alveoli for
the Thai taxon versus 27 for IVPP RV 10098; (4) a short anterior nasal process in IVPP RV
10098, reaching the 18" maxillary alveolus but a longer and pinched processes in the Thai
taxon, reaching the 14-15™ maxillary alveolus; (5) short posterior processes of the nasals not
reaching the anterior margin of the orbits in IVPP RV 10098. In the Thai taxon, however,
comparatively longer posterior processes of nasals almost reaching the medial orbital margin
and nearly preventing a contact between prefrontals and frontal; (6) in dorsal view, the
parietal is restricted to a short triangle on the posteromedian area of the skull roof in IVPP RV
10098 but it extends as a long triangle between the supratemporal fenestrae in the Thai taxon;
(7) rostrum to skull length ratio indicates a long rostrum (0.74) in IVPP RV 10098 versus a
relatively shorter rostrum in the Phu Noi teleosaurid (0.66 + 0.02 2SD for n = 5); (8) more
marked premaxillary-maxillary festooning in IVPP RV 10098 by comparison to the Thai
material.

We conclude that the Thai material cannot be assigned to the same taxon as the
holotype of Peipehsuchus teleorhinus, here considered a nomen dubium. Hence, the new
taxon name, Indosinosuchus potamosiamensis gen. et sp. nov. is proposed for the material
from the Jurassic of Phu Noi, northeastern Thailand. Furthermore and as detailed above, the
complete skull IVPP RV 10098 is different from the new Thai teleosaurid and its systematic

position will have to be reassessed in a future study.



The Age of Phu Noi and the Stratigraphic Range of Asiatic Teleosaurids

The continental nature of the Phu Kradung formation and the absence of volcanic ash
do not help to assess precise ages for the different fossiliferous localities. Therefore, their age,
including the locality of Phu Noi, within this formation remains difficult to constrain within a
Jurassic/lower Cretaceous time frame. Fossil vertebrates discovered at various localities in the
Phu Kradung Formation seem to indicate a Late Jurassic age (Buffetaut et al., 2001; Buffetaut
and Suteethorn, 2007; Tong et al., 2009) but palynomorphs from outcrops near Hui Sai and
Nong Bua Lamphu (Racey and Goodall, 2009) and detrital zircons (Carter and Bristow, 2003)
may indicate an Early Cretaceous age. Although palynological analyses point to an Early
Cretaceous age for the Phu Kradung Formation, a Late Jurassic age for its lower part could
not be ruled out by Racey and Goodall (2009). In the case of Phu Noi, because the locality is
located within the lower part of the Phu Kradung Formation, a Late Jurassic (?Tithonian) age
was recently proposed (Liard and Martin, 2011; Cuny et al., 2014; Liard et al., 2015; Deesri et
al., 2014; Martin et al., 2016). Nevertheless, the age of Phu Noi is not settled, in part because
most of its faunal content is still under study since the discovery of the site in 2008.
Therefore, a preliminary account regarding their biostratigraphical significance is given
below.

Cuny et al. (2014) reported numerous hybodont microremains at Phu Noi, including
Acrodus known from Triassic and Jurassic deposits (Rees and Underwood, 2006), Jaiodontus
known from the Oxfordian of China (Klug 2010), as well as dermal denticles similar to
denticles from the Bathonian—Callovian Khlong Min Formation of Peninsular Thailand.
Moreover, the absence of Heteroptychodus at Phu Noi, otherwise known from younger levels
of the Phu Kradung Formation such as the possibly Early Cretaceous locality of Kham Phok,

support a Late Jurassic age for the Phu Noi locality (Cuny et al., 2014). Ginglymodian fishes



are abundant at Phu Noi (Deesri et al., 2014; 2016) but their stratigraphic range is too
extensive (Triassic—Present) to be age definitive.

Temnospondyl vertebrae are present at Phu Noi and were previously reported from the
Phu Kradung Formation at Nam Nao on the Khorat Plateau of northeastern Thailand
(Buffetaut et al., 1994b) as well as from the Jurassic of Mab Ching, Peninsular Thailand —
part of the Khlong Min Formation (Buffetaut et al., 1994a). The Khlong Min Formation
belongs to the Shan-Thai block whereas the Phu Kradung Formation is part of the Indochina
block. The Khlong Min Formation may be considered Middle or Late Jurassic in age
(Buffetaut et al., 2005) and more specifically Bathonian—Callovian according to Cuny et al.
(2014). Although temnospondyls occur in the Middle Jurassic of China (Maisch and Matzke,
2005), they are also present in other Cretaceous Laurasian and Gondwanan localities (Warren
et al., 2000) and therefore cannot significantly constrain the age of Phu Noi.

The turtle assemblage from Phu Noi, represented by xinjiangchelyids such as
Phunoichelys thirakhupti (Tong et al., 2015) and another as-yet-undescribed xinjiangchelyid,
is distinct from other assemblages placed in the upper part of the Phu Kradung Formation,
which include abundant remains of trionychoid turtles such as Basilochelys macrobios (Tong
et al., 2009). Known since the Middle Jurassic, xinjiangchelyids are a dominant turtle group
in the Late Jurassic of Asia (Central Asia and China), whereas records of this group in Early
Cretaceous deposits are scarce in mainland Asia. This is represented by a single shell from the
Tugulu Group in Xinjiang, China (Danilov and Parham, 2007). Xinjiangchelyid remains were
reported from the Early Cretaceous Tetori Group of Japan. However, the Japanese turtle
assemblages include also more deeply nested Eucryptodira sinemydids/macrobaenids and
crown-group trionychoids (Hirayama, 2006). It is noteworthy that xinjiangchelyids from the
Tetori Group have more derived chacters than those from Phu Noi. Although several taxa

from the Early Cretaceous of Europe were attributed to Xinjiangchelyidae (see Perez-Garcia



et al., 2017), with an age ranging from Hauterivian to Aptian; morphologically, the
xinjiangchelyid turtles from Phu Noi appear to be closer to those from China than those from
Europe. The turtle assemblage from Phu Noi, which is exclusively composed of
xinjiangchelyids is also more comparable to those from the Late Jurassic of China, whereas in
the Early Cretaceous turtle assemblages of Japan, xinjiangchelyids are found with more
deeply nested turtles such as trionychoids and sinemydids (Hirayama, 2006).

Teleosaurids are common in marine deposits from the Toarcian to the Tithonian, the
most complete record being from Western Europe (e.g. Andrews, 1909; Westphal, 1961).
Evidence for the presence of teleosaurids in Cretaceous deposits concerns two specimens. The
first was reported by Cornée and Buffetaut (1979) as Steneosaurus sp. from the Valanginian
of southern France but the specimen is now referred to Plesiosuchina indet., a
metriorhynchoid (Young et al., 2014). A second specimen of Cretaceous teleosaurid was
recently described as a new species of Machimosaurus, M. rex, from the Hauterivian Douiret
Formation of Tunisia (Fanti et al., 2016). Unfortunately, the locality age is poorly
constrained: the pycnodont Gyrodus is difficult to identify based on isolated teeth (Cuny et
al., 2010) and the hybodont Egertonodus first appears in the Bathonian (Rees and
Underwood, 2008). Therefore, there is no compelling evidence for the survival of teleosaurids
in the Cretaceous. Teleosaurid remains were mentioned from Peninsular Thailand at various
localities (Cuny et al., 2009; Buffetaut et al., 1994c) in the Jurassic Khlong Min Formation.

Mamenchisaurid sauropod remains are abundant at Phu Noi but provide ambiguous
information because of their stratigraphic range from the Early Jurassic to Early Cretaceous
(Suteethorn et al., 2013; Xing et al., 2015). The ornithopod reported from Phu Noi may be
comparable to other taxa known from Jurassic and Cretaceous deposits worldwide (Buffetaut
et al., 2014) and until a comprehensive description is provided, cannot be used to sort out a

particular age. Sinraptorid theropods, which are known from the Jurassic Shishugou and



Shaximiao Formations of China (Currie and Zhao, 1993; Dong et al., 1978; 1983), were
briefly mentioned at Phu Noi (Chanthasit, 2011; Buffetaut et al., 2014). But their presence
provides an ambiguous age interpretation because a sinraptorid tibia was reported from the
upper part of the Phu Kradung Formation at Kham Phok (Buffetaut and Suteethorn, 2007), a
locality recently interpreted as possibly coeval with the potentially Early Cretaceous locality
of Nong Bua Lamphu (Racey and Goodall, 2009) based on the proximity of the overlying
Phra Wihan Formation and the shared occurrence of the pholidosaurid Chalawan thailandicus
at both sites (Martin et al., 2014b). A stegosaurid vertebra was discovered from the locality of
Khok Sanam (Buffetaut et al., 2001), which belongs to the lower part of the Phu Kradung
Formation and is geographically close to the locality of Phu Noi. Although stegosaurids are
common in Jurassic deposits worldwide, they are also known from the Early Cretaceous in
China (Dong, 1973).

According to the above-listed faunal occurrences, a preliminary age is proposed but
alternative interpretations may arise with more detailed faunal descriptions. Although
dinosaurs provide ambiguous age information for Phu Noi, the presence of the hybodont
Acrodus and of teleosaurids seem to exclude a Cretaceous age for Phu Noi. More precisely,
the hybodont genus Jaiodontus and the peculiar hybodont dermal denticles may point to a
Bathonian-Oxfordian interval whereas xinjiangchelyid turtles seem to favor a Late Jurassic
age. Although temnospondyls survive into the Cretaceous, their presence at Phu Noi and in
the Middle Jurassic of the Junggar Basin, China should be kept in mind. Therefore, Phu Noi
locality may be Middle to Late Jurassic in age.

The holotype of Peipehsuchus teleorhinus (IVPP RV 48001) and the complete skull
(IVPP RV 10098) described by Li (1993) were recovered from the Ziliujing Formation of
Sichuan, China. There is some uncertainty about the provenance of the holotype with Young

(1948) placing it in the Da’anzhai Member of the Ziliujing Formation whereas Dong (1984)



placed it in the underlying Ma’anshan member of the Ziliujing Formation. The referred
complete skull (IVPP RV 10098) is from Daxian, Sichuan Province, Ziliujing Formation
although the exact stratigraphic level is unknown (Li, 1993 p. 90) but could be from the same
level as IVPP RV 48001 (Li, 1993 p.85). The Da’anzhai Member was considered Early
Jurassic by Peng et al. (2005) on the basis of ostracods, bivalves and pollen content as well as
on the occurrence of the prosauropod cf. Lufengosaurus magnus. A recent review of the
sauropod Sanpasaurus yaoi from the Ziliujing Formation emphasizes the age of the
Ma’anshan Member could be Early Jurassic and that the Da’anzhai Member could be early
Middle Jurassic (McPhee et al., 2016). Therefore, teleosaurids from the Ziliujing Formation
could be Early to Middle Jurassic in age.

In conclusion, teleosaurids may have been present in freshwater drainages of Asia
during most of the Jurassic with the Ziliujing teleosaurids from the Early/Middle Jurassic,
teleosaurids from Peninsular Thailand from the Middle Jurassic and the new Thai taxon from
Phu Noi Indosinosuchus potamosiamensis from the Middle to Late Jurassic. This fossil record
markedly contrasts with that from Europe at the same time, where teleosaurids are primarily
recovered from marine deposits. This fossil record may also be biased because the record in
Asia is less well known for marine reptiles in comparison to Europe; and alternatively the
tetrapod continental record is rather good in Asia. Geographically intermediate occurrences of
teleosaurids are scarce. In a brief report, a teleosaurid skull possessing a small antorbital
fenestra from the Aalenian Karakh Formation of Dagestan was presented as Steneosaurus sp.
(Efimov, 1982; 1988). Although underlying Toarcian levels contain abundant ammonites,
Krymholts and Mesezhnikov (1988) indicate that the Karakh Formation includes sandstone,
siltstone, mudstone and locally coal. So it is not clear whether Steneosaurus sp. from
Dagestan was recovered from a marine, continental or transitional environment. Although not

figured, Efimov and Chkhikvadze (1987) report a tooth crown of Teleosaurus sp. from the



uppermost Jurassic/lower Cretaceous of the Fergana Basin, Kyrgystan, but the nature of the
deposit is unknown. The morphology and affinities of teleosaurids from Central Asia are

therefore virtually unknown.

Taphonomy and Preservation

Two individuals (PRC-8 and KS33-209) were surface-collected during early
prospections of the Phu Noi hill so their precise stratigraphic provenance in the locality is
unknown. The subsequent recovery, from a single horizon containing abundant fish, turtle and
dinosaur remains, of the 8 other teleosaurid individuals, which encompass different size
categories with juvenile, subadult and adult individuals, raises questions about the cause of
their death. The lower part of the Phu Kradung Formation has been interpreted as a lake-
dominated floodplain with meandering and braided river channel deposits (Racey and
Goodall, 2009). Locally at Phu Noi, the main fossiliferous layer was reconstructed as part of
an abandoned channel or as an oxbow lake, part of a complex river system (Cuny et al., 2014;
Liard et al., 2015).

Small and delicate (e.g., teleosaurid limb bones) as well as large bones (e.g., sauropod
bones) are scattered over the excavation surface. At least six fish skeletons of different sizes
were recovered in this horizon, one including part of its body and two of them being nearly
complete (Deesri, pers. obs.). A small turtle (currently under study) had its skull lying on the
external surface of the articulated carapace. All these features imply minimal transport
following skeletal disarticulation. Additional taphonomical details are noted below as they
concern teleosaurids and may be used in future studies to help tease apart the taphonomic and
paleoenvironmental context of the assemblage.

Beardmore et al. (2012) studied articulation patterns and preservation in Steneosaurus

skeletons from the Lower Jurassic of Germany. Although both articulated and disarticulated



specimens are represented in their dataset, skulls and mandibles are often recovered
maintaining close anatomical position with the rest of the postcranium. The Holzmaden fauna
was deposited in a marine anoxic environment with limited bottom currents whereas the Phu
Noi assemblage was deposited in a freshwater habitat potentially subjected to floods and
droughts. In Phu Noi and contrary to Holzmaden, none of the skulls retain articulation with
the cervical vertebrae. In Phu Noi, five skulls are preserved with the articulated (PRC-239,
PRC-238, KS-33-209) or nearly articulated mandibles (PRC-11, PRC-240). Three other skulls
were recovered without a mandible (PRC-8, PRC-9, PRC-10) and one skull was recovered
with its broken mandibular rami placed over the top of the skull and postcranial elements
scattered around it (PRC-12). The observed degree of skeletal disarticulation at Phu Noi
implies limited transport on a short distance after carcasses had decayed, with possible
scattering by scavengers.

A nearly complete teleosaurid vertebral column shows a strong backward flexure of
the cervical region and is missing the skull, ribs, caudal series of vertebrae, and appendicular
elements (PRC-22, Figure 12K). This specimen is comparable in its arrangement to carcasses
of Crocodylus porosus retrieved from the taphonomic experiment of Syme and Salisbury
(2014). These authors characterize an advanced stage of decay with the heavy skull hanging
below the body (see their Fig. 7), eventually detaching from the floating carcass together with
appendicular elements and ribs. Given the marked U-shaped profile of PRC-963 and the
absence of cranial and appendicular elements in its vicinity, it is likely that this specimen
bloated and floated. Syme and Salisbury (2014) observed that further decay under subaqueous
conditions led to near-or-total disarticulation of the skeleton, but this is not the case in PRC-
22, which maintains connection between cervical, thoracic and sacral vertebrae. Either burial
interrupted the decaying process or extensive subaerial drying of the carcass maintained

vertebral units with tendons or muscles preserving the integrity of the articulated column.



Other observations may support the latter hypothesis. Liard et al. (2015) noted the
presence of desiccation cracks at the base of the bonebed implying temporary subaerial
exposure of the deposit. Prolonged subaerial exposure is also supported by rosette-type marks
on the surface of some sauropod ribs (Martin et al., 2016) attributable to pupation chambers
of dermestid beetles or similar insects (Bader et al. 2009). We also observed such marks on
the skull surface of two teleosaurids at Phu Noi (Fig. 18). Their presence implies that
carcasses with decaying flesh reached a dry stage in order to become available to
necrophagous dermestids to lay eggs. As described by Bader et al. (2009), about 8 weeks
elapse between egg laying and hatching in dermestids. Because such arthropods are
exclusively terrestrial, this implies that the carcasses were not submerged for at least that time
span. Moreover, those insects only develop in the dry season because wet conditions with
mold development kill them (Timm, 1982; Bader et al., 2009). Therefore, not only sauropod
carcasses decayed subaerially at Phu Noi; teleosaurid carcasses were also drying in a
terrestrial and dry atmosphere permitting the development of the dermestid pupae.

The most probable sequence of events implies that teleosaurids died in the aquatic
environment and were eventually exposed to further subaerial decay. This hypothesis is both
compatible with a major drought where aquatic animals would find temporary refuge in water
holes and would die with food resources becoming rare. This has been observed in modern-
day ecosystems with Crocodylus niloticus congregating during drought years (Kofron, 1993).
Also possible is a flash flood event, a scenario proposed for the formation of dinosaur
bonebeds in North America (Eberth, 2015), drowning the majority of organisms recovered at
Phu Noi. Trapped organisms would have started to decay in water and would have continued
their decomposition subaerially. Weeks or months later, a subsequent rise in water level

would have deposited fine silts, burying and preserving everything.



Conclusions

The discovery of several teleosaurid individuals at a single locality in a Jurassic
continental deposit from northeastern Thailand is important for the following reasons. First, it
underlines obvious faunal changes in the composition of Mesozoic freshwater faunas with the
presence of thalattosuchians in freshwater drainages during the Jurassic. These forms were
replaced in the Cretaceous by goniopholidids (Lauprasert et al., 2007) and pholidosaurids
(Martin et al. 2014b). Second, it indicates teleosaurids were ecologically versatile, setting the
stage for interesting future studies that explore the freshwater versus marine adaptations in
this group. Teleosaurids are indeed abundant and represented by complete skeletons in
European formations such as the Posidonia Shale in Germany, the Oxford Clay in the UK,
and les Vaches Noires in France, indisputably reflecting their marine lifestyle. But whether
we are missing a part of their life cycle in the brackish and/or freshwater habitats remains an
open question. For example, the co-occurrence of teleosaurids and abundant sauropod
remains in Middle Jurassic brackish-to-continental deposits at E1 Mers in Morocco
(Lapparent, 1955; Charriere et al., 1994) indicates a potential mixture of vertebrate remains
with allochtonous origin. Further work is needed to understand whether freshwater
adaptations in teleosaurids are plesiomorphic or derived (see discussion in Martin et al.,
2016). As recently proposed (Wilberg, 2015a), our work considers a possible Triassic origin
of thalattosuchians among land-dwelling forms, which may help understand the sudden
abundance of teleosaurids in marine deposits of the Early Jurassic (Toarcian). Fieldwork will
have to focus on freshwater deposits of the Hettangian and Pliensbachian in the search for

transitional forms.
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Figure Captions

FIGURE 1. Overview of the specimens of Indosinosuchus potamosiamensis gen. et sp. nov.

represented by cranial material discovered since 2008 at the Phu Noi locality and illustrating
size variability in this small population of teleosaurids. A, dentary of juvenile KS34-1213; B,
PRC-8; C, PRC-9; D, PRC-10; E, PRC-238; F, PRC-11; G, KS33-209; H, PRC-12; I, PRC-

239; J, PRC-240. Scale bar equals 20 cm. [planned for full page width]

FIGURE 2. Photographs of the holotype (PRC-11) skull and mandibles of Indosinosuchus
potamosiamensis gen. et sp. nov. from the Phu Kradung Formation of Phu Noi, northeastern

Thailand in A, dorsal; B, ventral and C, lateral views. [planned for full page width]

FIGURE 3. Line drawings of the holotype (PRC-11) skull and mandibles of /ndosinosuchus

potamosiamensis gen. et sp. nov. from the Phu Kradung Formation of Phu Noi, northeastern



Thailand in A, dorsal; B, ventral and C, lateral views. Abbreviations: an, angular; aof,
antorbital fenestra; art, articular; boc, basioccipital; bsph, basisphenoid; ch, choanae; co,
coronoid; den, dentary; en, external nares; emf, external mandibular fenestra; ec,
ectopterygoid; exo, exoccipital; fo, foramen; fr, frontal; gr, groove; j, jugal; jd, jugal
depression; 1, lacrimal; Itsph, laterosphenoid; mx, maxilla; n, nasal; on, otic notch; otf,
orbitotemporal foramen; p, parietal; pal, palatine; pf, palatine foramina; pfr, prefrontal; pmx,
premaxilla; po, postorbital; pt, pterygoid; q, quadrate; qj, quadratojugal; san, surangular; sp,
splenial; sq, squamosal; sqs, squamosal flat surface; 1-27, alveolar count; V, trigeminal

opening for the fifth cranial nerve. [planned for full page width]

FIGURE 4. Close-up of the premaxillae of the holotype specimen (PRC-11) of
Indosinosuchus potamosiamensis gen. et sp. nov. from the Phu Kradung Formation of Phu
Noi, northeastern Thailand. A, dorsal view; B, left lateral view; C, ventral view.
Abbreviations: den, dentary; en, external nares; if, incisive foramen; pms, premaxillary-
maxillary suture; pp, premaxillary process; 1-4, premaxillary alveolar count. [planned for

column width]

FIGURE 5. Premaxillary and maxillary alveolar reconstructions from CT data from the
holotype specimen (PRC-11) of Indosinosuchus potamosiamensis gen. et sp. nov. from the
Phu Kradung Formation of Phu Noi, northeastern Thailand. A, general view of the
reconstructed transparent skull and mandible; B, detailed of the reconstructed premaxillary
and maxillary alveolar rows. Green color corresponds to filled alveolar space and blue color
corresponds to replacement dentition. Abbreviations: mx, maxilla; pmx, premaxilla.

[planned for full page width]



FIGURE 6. Anatomical details of the holotype specimen (PRC-11) of Indosinosuchus
potamosiamensis gen. et sp. nov. from the Phu Kradung Formation of Phu Noi, northeastern
Thailand. A, oblique dorsolateral view of the right supratemporal fossa; B, right anterolateral
view of the antorbital area; C, right lateral view of the otic area; D, left anterolateral view of
the antorbital area. Abbreviations: aof, antorbital fenestra; e¢dq, circular depression on
quadrate; exo, exoccipital; fr, frontal; j, jugal; 1, lacrimal; Itf, lower temporal fenestra; Itsph,
laterosphenoid; mx, maxilla; n, nasal; on, otic notch; or, orbit; p, parietal; po, postorbital;
pro, prootic; q, quadrate; qj, quadratojugal; sq, squamosal; sqs, squamosal flat surface; stf,

supratemporal fenestra; V, exit for cranial nerve V. [planned for full page width]

FIGURE 7. Photographs and line drawings of specimen PRC-12 of Indosinosuchus
potamosiamensis gen. et sp. nov. including skull, mandibles and disarticulated postcranial
elements recovered from the Phu Kradung Formation of Phu Noi, northeastern Thailand; A,
B, dorsal and C, D, ventral views. Abbreviations: an, angular; aof, antorbital fenestra; art,
articular; boc, basioccipital; bsph, basisphenoid; ch, choanae; cr, cervical rib; cv, cervical
vertebra; den, dentary; dv, dorsal vertebra; en, external nares; emf, external mandibular
fenestra; ec, ectopterygoid; fr, frontal; j, jugal; 1, lacrimal; mmf, medial mandibular fenestra;
mx, maxilla; n, nasal; oc, occipital condyle; ost, osteoderm; p, parietal; pal, palatine; pf,
palatal foramina; pfr, prefrontal; pmx, premaxilla; po, postorbital; pt, pterygoid; ¢, quadrate;
r, rib; san, surangular; sof; suborbital fenestra; sp, splenial; sq, squamosal; sqs, squamosal

concave surface; 1-4, premaxillary alveolar count. [planned for 2/3 page width]

FIGURE 8. A, Photographs and B, line drawings of specimen PRC-238 of Indosinosuchus

potamosiamensis gen. et sp. nov. from the Phu Kradung Formation of Phu Noi, northeastern



Thailand in dorsal view. Abbreviations: an, angular; aof, antorbital fenestra; art, articular;
boc, basioccipital; bsph, basisphenoid; ec, ectopterygoid; en, external nares; fr, frontal; j,
jugal; 1, lacrimal; n, nasal; pmx, premaxilla; pre, prearticular; pfr, prefrontal; po, postorbital;

pt, pterygoid; sof, suborbital fenestra; sp, splenial. [planned for column width]

FIGURE 9. A, Photographs and B, line drawings of specimen PRC-238 of Indosinosuchus
potamosiamensis gen. et sp. nov. from the Phu Kradung Formation of Phu Noi, northeastern
Thailand in ventral view. Abbreviations: an, angular; boc, basioccipital; bsph, basisphenoid,
ch, choana; den, dentary; ec, ectopterygoid; emf, external mandibular fenestra; pal, palatine;

pt, pterygoid; sof, suborbital fenestra; sp, splenial. [planned for column width]

FIGURE 10. Photographs of the partial skull dorsum of Indosinosuchus potamosiamensis
gen. et sp. nov. (PRC-8) from the Phu Kradung Formation of Phu Noi, Thailand and
associated line drawings in A and B, dorsal; C and D, ventral, E and F, occipital, G and H,
right lateral views. Silicon rubber endocast of the same specimen in lateral view with I,
photograph and J, superimposed drawing. Scale bars equal 2 cm. Abbreviations: boc,
basioccipital; bsph, basisphenoid; ¢B, crest B of lordansky (1973); ¢b, cerebrum; cbl,
cerebellum; ch, choana; dls, dorsal branch of longitudinal sinus; ec, ectopterygoid; exo,
exoccipital; fep, foramen caroticum posterius; fm, foramen magnum; fr, frontal; fv, foramen
vagi; j, jugal; leu, lateral Eustachian opening; Itsp, laterosphenoid; mo, medulla oblonga; oc,
occipital condyle; on, otic notch; ot, olfactory tract; otf, orbitotemporal fenestra; or, orbit; p,
parietal; ?pi, pituitary; po, postorbital; pro, prootic; pt, pterygoid; ptf, posttemporal foramen;
q, quadrate; soc, supraoccipital; sof, suborbital fenestra; sq, squamosal; sqs, squamosal flat
surface; stf, supratemporal fenestra; tbi, tympanic bulla imprint; tt, torus transiliens; tub,

basioccipital tuberosity; V, exit for cranial nerve V; XII, exit for cranial nerve XII; arrows



indicate a pair of muscle scars on the dorsal edge of the squamosal. [planned for full page

width]

FIGURE 11. Detailed tooth morphology of Indosinosuchus potamosiamensis gen. et sp. nov.
from the Phu Kradung Formation of Phu Noi. A, general aspect of the crown in mesiolabial
view (PRC-13 belonging to PRC-239); B, cross section in the apical region (PRC-14
belonging to PRC-11) and C, detail of the cross section. * indicate the mesiodistal carinae of
the enamel and the arrow indicates the shape of the carina at the enamel-dentine junction.

[planned for column width]

FIGURE 12. The postcranial skeleton of Indosinosuchus potamosiamensis gen. et sp. nov.
from the Phu Kradung Formation of Phu Noi. Atlas (PRC-15) in A, anterior and B, ventral
views; atlas-axis complex (PRC-17) in C, left lateral and D, ventral views; cervical vertebra
(PRC-18) in E, right lateral and F, ventral views; left cervical rib (PRC-19) in G, posterior
and H, medial views; thoracic vertebrae (PRC-20 and 21) in I, anterior and J, left lateral
views; K, PRC-22 articulated vertebral colum in left lateral view. Abbreviations: ana, axis
neural arch; ax, axis; ¢, cervical vertebra; t, thoracic vertebra; s, sacral vertebra; ca, caudal

vertebra. [planned for column width]

FIGURE 13. The forelimb of Indosinosuchus potamosiamensis gen. et sp. nov. from the Phu
Kradung Formation of Phu Noi. Left humerus (PRC-23) in A, posterior; B, anterior; C,
proximal; D, distal views. Right scapula (PRC-24) in E, lateral; F, medial; and G, proximal
views. Abbreviations: amer, anteromedial epicondylar ridge; dpc, deltopectoral crest; hh,
humeral head; ler, lateral epicondylar ridge; scr, supracondylar ridge. [planned for full page

width]



FIGURE 14. The hind limb of Indosinosuchus potamosiamensis gen. et sp. nov. from the Phu
Kradung Formation of Phu Noi. Left femur (PRC-25 from specimen PRC-12) in A, medial;
B, lateral; C, proximal; D, distal views. Left ilium (PRC-26) in E, lateral and F, ventral
views. G, right ischium (PRC-27) in medial view. Abbreviations: acetf, acetabular fossa; ap,
anterior process; Ic, lateral condyle; me, medial condyle; 4t, fourth trochanter. [planned for

full page width]

FIGURE 15. The armour of Indosinosuchus potamosiamensis gen. et sp. nov. from the Phu
Kradung Formation of Phu Noi. A, isolated element of the dorsal shield (PRC-29); B,
connected elements of the ventral shield (PRC-30). Abbreviations: alp, anterolateral process;

af, anterior facet. [planned for full page width]

FIGURE 16. A, Strict consensus of 10 most parsimonious trees recovered in this analysis
indicating a phylogenetic placement of the new Thai taxon within Teleosauroidea. B, second
consensus of a single tree obtained from the analysis of a small datamatrix, recovering a

slightly different topology. [planned for full page width]

FIGURE 17. Teleosaurid specimens from the Ziliujing Formation of China. Holotype of
Peipehsuchus teleorhinus (IVPP RV 48001) in A, dorsal; B, right lateral; C, ventral views.
Rostrum of the specimen (IVPP RV 10098) referred to P. teleorhinus by Li (1993) in D,

ventral view. [planned for column width]

FIGURE 18. A, Detailed view of circular rosette-type bioerosion left by a putative dermestid

larva on the B, dorsal surface of the skull (PRC-10) of Indosinosuchus potamosiamensis gen.



et sp. nov. from the Late Jurassic Phu Kradung Formation of Phu Noi, C, as well as on the
dorsal surface of the skull of the holotype specimen (PRC-11) with arrows pointing to the

numerous bioerosive structures. [planned for column width]



TABLE 1. Measurement (in cm) of specimens of Indosinosuchus potamosiamensis gen. et sp. nov. from the Late Jurassic Phu Kradung

Formation of Phu Noi.

Length of skull (from tip of premaxilla to supraoccipital)
Maximal width of skull (across quadrates)

Length of snout (in front of orbits to premaxillae)

Maximal width of snout at tip of nasals

Maximal length of naris (fossa inc.)

Maximal width of naris (fossa inc.)

Diameter of orbit

Width between medial hemicondyles

Interorbital width

Length of cranial table (through center of supratemporal fenestrae)
Width of cranial table (across centers of supratemporal fenestrae)

Maximal length of supratemporal fenestra

PRC-12

43

16

28.5

3.6

1.5

2.1

3.2

10

>2

10.5

14

10.4

PRC-11

48.4

19

323

4.5

1.8

2.7

4.2

12

3.5

12.5

15.5

11.5

PRC-238

42.2

14.6

28.5

3.3

1.7

1.9

3.4

PRC-239

57.5

22

38.3

2.6

43

10

3.4

15

17

14.6

PRC-240

?

3.5

52

6.7

PRC-10

44

13.5

28.5

3.2

1.7

1.7

3.5

2.8

11

11.5

10



TABLE 1. (Continued)

Maximal width of supratemporal fenestra
Interfenestral width

Length of ventral border of infratemporal fenestra
Length of incisive foramen

Width of incisive foramen

Length of long axis of suborbital fenestra
Length of short axis of suborbital fenestra
Interfenestral width of palatines

Width of choanae

Width across basioccipital ventral surface
Occipital condyle width

Mandible length (parallel to symphysis)
Symphysis length

External mandibular fenestra length

5.7

0.3

3.9

4.5

54

26

6.3

0.5

9.5

0.4

0.2

5.5

2.6

4.5

58

28.5

8.3

5.6

1.5

3.5

2.8

47.8

25.3

5.8

6.8

0.9

11

8.3

1.7

3.8

2.7

68

325

10.5

10

2.5

6.4

74

39

12.57

5.5

0.4

2.5

4.4

1.5



TABLE 1. (Continued)

External mandibular fenestra height
Glenoid fossa width

Retroarticular process length

Width at level of 13th dentary tooth

1.7

3.5

3.9

3.5

0.9

23

5.5

1.9

4.7

1.7

10






















































APPENDIX 1. Character codings of Indosinosuchus potamosiamensis gen. et sp. nov.,

Machimosaurus hugii and IVPP RV 10098 in the data matrix of Wilberg (2015).

Indosinosuchus potamosiamensis
2 1 1 0 1 1 0 2 1 1 0 0

1 0 1 0 2 2 0 1 0 0 1



APPENDIX 1. (Continued)

1 0 0 0

0 0 0
0 1 0
0 1 0
0 0 1
0 1 0
1 0 0
0 0 ?
? 0 0
0 1 0
0 0 0
? 1 0
0 0 0

Machimosaurus hugii

2 1 1 0

1 0 1
1 0 1
0 1 0
9 1 9
? ? 1
? 0 0
1 0 1



APPENDIX 1. (Continued)

? ? 0
2 1 0
0 1 1
0 0 0
1 1 0
0 0 0
1 1 ?
0 0 1
0 1 1
9 9 9
0 ? 0
9 9 9
1 0 0
? 0 0
0 0 1
0 0 1
? 0 0
0 ? ?
0 1 0
0 0 0
0 ? 0
1 0 1



APPENDIX 1. (Continued)

0 ? ?

0 0 0

IVPP RV 10098

2 1 1 0

1 0 1
? 0 1
0 0 0
0 1 1
? ? ?
0 0 0
1 0 1
0 0 1
? ? 0
? 1 0
? ? ?
? 0 0
0 1 0
? ? ?
? ? ?
0 0 1
0 ? ?
? ? ?



APPENDIX 1. (Continued)

? ? ?
? 0 0
2 0 0
? ? 1
0 ? 1
1 0 0
9 9 9
0 1 0
0 0 ?
0 ? 0
0 ? 1
9 9 9
9 9 9



APPENDIX 2. List of characters used in the small datamatrix for exploring

interrelationships of teleosaurids.

Ch. 1: dimensions of orbits relative to interorbital width: nearly equal/larger (0) or
much smaller (1).

Ch. 2: antorbital fenestra: small but present (0) or absent (1).

Ch. 3: nasal length: as long or longer than length of supratemporal fenestrae (0) or
shorter (1).

Ch. 4: maxillary alveolar count: over 30 (0) or less than 30 (1).

Ch. 5: anterior margin of supratemporal fenestra: gently convex (0) or perpendicular
to sagittal plane (1) or pointed (2).

Ch. 6: supratemporal fenestra length/width ratio: equal or no more than 1.5 (0) or
markedly longer than wide with ratio at or over 1.8 (1).

Ch. 7: antorbital over total skull length ratio: mesorostrine, i.e. < 0.7 (0) or
longirostrine, i.e. ratio between 0.75 and 1.00 (1).

Ch. 8: premaxillae in line with lateral edges of maxillary rostrum (0) or laterally
expanded (1) in dorsal view.

Ch. 9: premaxillary alveolar count: three (0) or four (1).

Ch. 10: posterior processes of nasal stop near mid-length level of prefrontal (0) or
nearly reach posterior level of prefrontal (1).

Ch. 11: surface of tooth enamel ornamented with vertical ridges (0) or with
discontinuous wrinkles.

Ch. 12: orbits facing laterally (0) or mostly dorsally (1).



APPENDIX 2. (Continued)

Ch. 13: in dorsal view, parietal exposure on posteromedian margin of skull table:
restricted to posteriormost portion (0) or extends as a limited surface between the
supratemporal fenestrae (1).

Ch. 14: humerus versus femur length: about one third shorter than femur (0) or less
than half the length of femur (1).

Ch. 15: sacral vertebrae count: two (0) or three (1)

Ch. 16: dorsal shield comprises subrectangular osteoderms (0) or also includes
elements wider than long (1) in the posterior half of the trunk.

Ch. 17: anterior half of external mandibular fenestra narrower (0) or of same height (1)
as posterior half.

Ch. 18: lateral margin of skull table as wide as orbital margin of skull (0) or wider (1).



APPENDIX 3. Datamatrix used in this work for exploring the intrarelationships of

teleosaurids.

P typus
0 0

T cadomensis

1 ?

P_multiscrobiculatus

0 0

S bollensis

1 0
S leedsi
1 0

L obtusidens

0 1
S priscuscanjuers
1 0

Machimosaurus_sp
0 0
S durobrivensis
1 0
IVPP RV 10098
1 0
S brevior

0 0

[0,1]



APPENDIX 3. (Continued)

Indosinosuchus
1 1 0
S heberti 0
0 0 1
S edwardsi 0
1 ? 1
S larteti 0

0 ? 1
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