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THE ANATOMY OF THE FIRST ARCHOSAURIFORM (DIAPSIDA)
FROM THE TERRESTRIAL UPPER TRIASSIC OF CHINA

WU Xiao-Chun' L IU Jun® L1JinLing?
(1 Palechiology, Research Division, Canadian Museum of Nature P.O.Box 3443 Sation D, Ottawa, ON K1P
6P4 , Canada)
(2 Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences Bejing 100044)

Abgract  Yonghesuchus sangbiensis, a new genus and eciesof the Archosauriformes, iserected on
the bassof its peculiar crania features. This taxon represents the first record of tetrapods from the
Late Triasdc terrestrid deposits of China. Its disovery is dgnificant not only to our study on the
phylogeny of the Archosauriformes but d< to our understanding of the evolution of the Triassc
terrestrid vertebrate faunae in China. The presence of pterygoid teeth may exdude the new form
from the Archosauria, and the apomorphic podtion of the foramen for the internd carotid artery
indicates that the new form appears to be phylogeneticdly cdoser to the Archosauria than are
Turfanosuchus and the Proterochampsdae. Comparions with these taxa suggest that the V.
sangbiensis-bearing Tongchuan Formation is probally of early Late Triassc age.

Key words Yonghe, Shanxi, Late Triassc, Tongchuan Formation, Archosauriform, Anatomy

1 Introduction

Archosauriforms (sensu Gauthier et a. , 1988) were dominant carnivores of terrestrial
tetrapod faunae throughout the Triasdic. Their early representatives (to which the term
“ thecodont” traditionaly has been gpplied) have been known from nearly dl continents
(Romer , 1966 ; Carroll , 1988 ; Parrish, 1992 ,1993) . China hasthe greatest variety of early
archosauriformsin the World, including a number of very well represented taxa ( Young,
1964, 1973a, 1973b; Cheng, 1980; Wu, 1981, 1982; Peng, 1991; Wu and Russl,
2001) . However, in China unlike most of other locdities, thess archosauriforms are
restricted to the Early and Middle Triassc terrestria redbeds. Terrestria Triasdc redbeds of
China are digributed throughout the northern and northwestern parts of the country,
primarily in the Ordos (Shaan GarNing) Basin (covering parts of Shaanxi , Gansu and
Shanxi provinces and parts of Ningxia and Nei Mongol autonomous regions) and in severa
badns with variety of dzesin Xinjiang Autonomous Region. The Ermaying Formation of the
Ordos Basn and the Keamayi Formation in Xinjiang Autonomous Region are generaly
congdered to be of late Early-Middle Triassc or the Middle Triassc age, regectively and
previoudy represented the highest redbeds of the Triasic that yield tetrgpod vertebrate
faunae in China (Zhao, 1980; Sun, 1980; Cheng, 1986; Li and Cheng, 1995; L ucas,
1996) . The Late Triasdc terrestria deposts d have a broad distribution in northern and
northwestern China, but produce few vertebrate fossls, except for some fishes.

There are two terrestrial faunae that have previoudy been consdered by some to be the
Late Triasic in age. One is the® Lufeng Saurischian Fauna” from Yunnan Province,
suthern China, which has been recently demonstrated to be of Early Jurassc age (L uo and
Wu, 1994, 1995). The other is the* Fukang Fauna” from the top of the Kelamayi
Formation or the base of the Huangshanjie Formation of the Junggar Basn in Xinjiang
Autonomous Region. According to Lucas and Hunt (1993a,b) , two of the three known
vertebrates of thisfauna were mistakenly identified. They believe that the gpecimen referred
to an aetosaur (an archosaurian of the Late Triassc) is actualy afragment of the squamosal
of a dicynodont (a mammal-like reptile) while the gpecimen referred to metoposaurid
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(labyrinthodont amphibiansof the Late Triassc) isafragment of capitosauroid amphibians of
the Early-L ate Triasdc) . The third vertebrate of the® Fukang Fauna’ is a paaeoniscid fish
that is more primitive than Tanaocressus of Carnian (early Late Triasdic) from wesern
United States (L ucas, 1996) . Thus, the presence of these vertebrates suggests an age ol der
than Late Triasdc for the® Fukang Fauna’ , nor is there evidence of any archosauriform in
thisfauna. The absence of a Late Triassc terrestrid fauna, epecidly archosauriforms that
were commonly present during thisage in other continents, isone of the most important gaps
in the Meszoic vertebrate record of China. It isobviousthat any finding of archosauriforms
and other tetrgpods from drata stratigraphically higher than the Kelamayi Formation in
Xinjiang Autonomous Region or the Ermaying Formation in the Ordos Basn would be
dgnificant to our understanding of the loca faund evolution and to egtablishing the
internationa fauna and stratigraphical correlations.

In 1992, a fidd team from the Ingitute of Vertebrate Paeontology and
Paleoanthropology (1V PP) , Chinese Academy of Sciences at Bejing, oollected severa
individuads of a new archosauriform from the southwestern region of Shanxi province
(southeastern OrdosBasn) . Thefossl locdity is close to Sanghi township , Yonghe county.
The new material actually condstsof several individuas that are mixed together in the very
hard, fine sandstone. The fosdl ot , lying on the northern sde of the river course of the
Sangbi Creek , is seaonadly submerged by floods, which decemented the superficia layers of
thefossl block but as heavily damaged the gpecimens. The sandstone block that contains
the gpecimens was broken into severd pieces to make the collection of the gpecimens possble
before aflood came. Each piece shows different sections of the individual gecimens. After
our detailed stratigraphical correlation around the fosdl locality in the fal of 1999, it is clear
that the new archosauriformisfrom Member  of the Tongchuan Formation (seeLiuet a.
2001) , above the Ermaying Formation, and underlies the Yanchang Formation (sensu
Ingtitute of Geology , Chinese Academy of Geologica Sciences, 1980). Thus, the new
archosauriform bearing beds represents the uppermost stratigraphica record of the tetrapod
fauna 0 far known from the terrestrial Triasic dgpostsof China.

In this paper , we present a preliminary study of the new archosauriform based on two
gecimens. A full and detailed investigation of the taxon has to wait until al the gpecimens
are fully prepared. Regarding the definition of the Archosauriain this study , we follow the
crown-group concept of Gauthier et a. (1988) rather than the traditiona meaning. Inother
words, the Archosauriformes used here is taxonomicaly equivalent to the” Archosauria’ of
Benton (1985) or of Benton and Clark (1988) , and the Archosauria used here is exclusvely
resricted to two living lineages (the two crown-groups: the crocodylianrline and bird-line)
and their common ancestors.

2 Systematic Pdeontology

Diapsida Gauthier et al. ,1988
Archosaur omor pha Gauthier et al. ,1988
Archosaur if or mes Gauthier et al. ,1988

Yonghesuchus gen. nov.

Type and only known species  Yonghesuchus sangbiensis 9. nov.
Etymology Referring to Yonghe County in which the fosdl locdity is Stuated.
Diagnosis Asfor the type and only known ecies.
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Yonghesuchus sangbiensis sp.nov.
(figs.1 4;pl. )

Holotype [V PPV 12378, incomplete skull with the mandible occluded.

Paratype IVPP V 12379, incomplete skull in articulation with the first 7 cervica
vertebrae and several cervical ribs.

Etymology Referring to the Sangbi Creek from the bank of which the gpecimens were
oollected.

Type locality and horizon  On the north bank of the Sangbi Creek, about 1.5km
outhwest of the Sangbi township; the upper part of Member of the Tongchuan
Formation, early Late Triasdc.

Diagnosis Small to medium-dgzed archosauriform differing from other known taxa in
having the following combination of gpomorphies: 1) anterior end of snout sharply pointed;
2) a concavity in antorbita fossa; 3) region between antorbital fossa and externa naris
broad; 4) poserior two thirds of descending process of postorbital broadly and deeply
oconcave; 5) two fossae on ventra surface of basphenoid; 6) dentary with a posterodorsal
process remarkably long relative to those of other archosauriforms; and 7) retroarticular
region of articular having a pronounced dorsa ridge, a penetrated wing-like media process,
and a sharply pointed posteromedia process directed anteromedially and dorsdly.

3 Degription and Comparion

Skull  The outline of the skull of the holotype (V 12378) in both dorsa and ventra
views was distorted by dorsoventra compresson, exaggerating itswidth , as suggested by the
unusudly large dze of the interpterygoid vacuity (see below). Both dorsd and ventra
surfacesof the holotypic skull were heavily eroded (figs. 1, 2). Most of the skull roof
eements were badly eroded , the palate has lost the vomers, paatines, and ectopterygoids,
and the braincase is represented by only the incomplete basphenoid. The skull of the
paratype is preserved in ventral view , but a transverse break has resulted in the lossof much
of its ventral surface, egecially in the braincase region (fig. 3). The paratypic skull has a
narrower profile in ventral view than the holotype. Thisis conddered to be an artifact of
preservation , caused by the media shift of the postorbital region of the skull , as suggested by
the nearly closed interpterygoid vacuity. The following description of each skull element is
based on the holotype unless indicated otherwise. The reconstruction of the skull and
mandible is based on both the holotype and paratype (fig. 4) .

The premaxilla is doroventrdly shallow relative to that of Turfancsuchus dabanensis
( Young, 1973a; Wu and Russ=l, 2001). Its maxillary process is directed more
posteroventraly than in the latter , with the pointed end inserting between the maxilla and
nasd as in many other archosauriforms (fig. 2C) . The anterior end of each premaxilla is
incomplete , mising the nasal (anterodorsal) process. The ventral outline of the premaxillais
clear in the paratype, dthough incomplete. In ventra view , the premaxilla, preserved partly
as impresson, extends anteriorly to form a pointed end anterior to the denta rim of the
bone. This produces a pointed anterior tip of the snout distinct from the round end of the
snout commonly seen in other archosauriforms (fig. 3) . The paata shelf of the premaxillais
incomplete posteriorly. The preserved part suggests that a foramen samilar to the incisve
foramen normally seen in crocodylomorphs (see Wu and Chatterjee, 1993) might have been
present.

The maxilla is characterized by a shallow concavity located within the antorbital fossa
(figs. 1A, 2C). Inlaterd view , the portion of the maxilla anterior to the antorbital fossais
anteroposteriorly broader than in Turfanosuchus dabanensis and most other norr
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Fig.1 Skull and mandible of Yonghesuchus sangbiensis gen. et 9. nov.
(holotype: IVPPV 12378) in dorsd (A) and ventrd (B) views
Abbreviations :a, angular ;abd , anterior fossa on ventra surface of ba

sgphenoid ;ar ,articular ;arf | articular fossa for quadrate
;atf , antorbital fossa ;bpt , badpterygoid process ;bs, bar
sgphenoid ;bsht , basal tuber of bad phenoid ;d, dentary ;dr-
rar ,dorsa ridge of retroarticular region ;emf , external mandibular fenestra
; €0, exoccipita ;fatf , fossa within antorbita fossa ;
fomp , foramen piecing media processof retroarticular region ;
hy , apiece of hyoid iJ s jugd ;I lecrimal ;lwq, posterolatera wing
of quadrate ;m, maxilla ;mprar , media process of retroarticular
region ;n, nasl ;par , prearticular ;pbs |, posterior fossa
on ventra surface of bad phenoid ;pbs , parabas phenoid process
;pC, pituitary concavity ;pm, premaxilla ;po , postorbital
;pprar , posterior processof retroarticular region ;prq, pterygoid ra
musof quadrate :pt , pterygoid ;g, quadrate ;0 , quadratojugal
;gf , quadratojugal foramen ;qrpt , quadrate ramus of pterygoid
;rar , retroarticular region ;sa, surangular ;9 , Plenid
;tfpt , transverse flange of pterygoid ; , foraminafor cranid nerve
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Fig.2 Skul and mandible of Yonghesuchus sangbiensis gen. et 9. nov. (holotype: IVPP V 12378)
A, antorbita , orbita , and infratenpora regionsin right laterd view ; B , posterior portion of left
ramus of mandible in media view ; C, skull and mandible in Ieft latera view
Abbreviations asfig. 1 plus: br , breakage on latera surface of quadratojuga ;

If , lacrimal foramen ;pf , prefrontal

crocodylomorph archosauriforms (see Parrish, 1992, 1993) . The anterior tip of the maxilla
narrows but does not become sharply pointed as in Euparkeria ( Ewer, 1965) and
Chanaresuchus (Romer , 1971) . Its ventrolatera margin bears a series of smal nutritiona
foramina. Itsventra edgeisadmos sraight. The maxillary teeth are different in Sze. Asin
Turf ancsuchus dabanensis (see Wu and Russl , 2001: fig. 1B) , the maxillais digtinct in
having a pronounced posterodorsa processforming , with the ventral processesof the lacrimal
and prefronta , a broad septum between the antorbital fenestra and orbit , which excludes the
jugd from the antorbital fenestra (fig. 2A , C) . Asindicated by the preserved partson both
sdes, the antorhital fossa, epeciadly itsanterior part , is most probably larger relative to that
sen in most other non-crocodylomorph archosauriforms. Other agects of the maxilla are
obscured by the occluson of the mandible in the holotype or by the breakage in the paratype.

The nasds are very fragmentary but gppear to be in original postion (fig. 1A). The
anteroventral portion of each nasa is clearly not forked (fig. 2C) , being different from those
sen in Turfanosuchus dabanensis.

The lacrima has only its vertical part presrved on both sdes (figs. 1A, 2A). This
process contributes to the dorsd part of the antorbita fossa and the anterodorsal part of the
antorbital ssptum. The lacrimal foramen is laterally exposed , which can be observed on the
left sde.

The prefrontd preserves only its ventra process on both sdes, which forms the
anterodorsal margin of the orbit (fig. 2A). This processis relatively broader longitudinally
than in Turfancsuchus dabanensis and larger than in most other non-crocodylomorph
archosauriforms. The ventra extremity of the processon both sdes may have been damaged
by the dorsoventra distortion. The suture between the process and the lacrimal is curved
posteriorly. Neither frontas nor parietas are preserved.

The left postorbita ispreserved, but its dorsal part was omewhat damaged (figs. 1A ,
2A) . Thisboneisdiginct in that the posterior part of its descending processis broadly and
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deeply depressed , clearly insetting below the bone surface. A comparable conditionis seenin
Turf ancsuchus dabanensis and a proterochampsd Chanaresuchus (see below) among known
archosauriforms. The broad anterior process of e

thepostorbital is short and the long posterior process
is narrow. The sharply pointed end of the posterior
processis largely exaggerated by breakage.

The right juga is nearly complete except for the

dorsal extremity of itsascending process (figs. 1,2).
It reembles that of Turfanosuchus dabanensis in
that its anterior process tapers off dong the orhbita
margin and does not reach the antorbital fossaand its
posterior process is dightly longer than the anterior
process Unlike in the latter , the ascending process
of the jugal is not depressed below the latera surface
and appears to be shorter in sze.

The quadratojugal preserves its ventra part on
the right Sde and a portion of its dorsal part on the
left sde (fig. 1A). It is comparable to that of
Turfanosuchus dabanensis in that its anteroventral
process is dender and extends anteriorly aong the
ventromedial dde of the posterior processof the jugal
to the midpoint of the latter (fig. 2C). The
guadratojuga is evidently excluded from the ventral
border of the infratempora fenestra as it isin T.
dabanensis, Euparkeria, Erythresuchus  ( see
Parrish, 1992) , and Protercsuchus (Cruickshank ,
1972: fig. 2B). The preserved dorsal part is massve
and broad , and missng its articular surface with the
sqguamosa. The dorsa part of the quadrate is
strongly anterodorsally oriented, which must have
resulted from distortion (fig. 1A). It isevident that
the quadratojugal forms the posteroventra border of
the infratempora fenestra. Thisfenestraislarge, as 4
suggested by its broad ventra border formed by the?
jugd (fig. 20).

The sguamosal is not preserved. The Iléeft
guadrate is preserved, with its ventra mandibular
ocondyle and dorsal cephalic head mising (figs. 1A, Fig.3  Paratypeof Yonghesuchussang-
2A) . The shat of the quadrate is most Smilar to biensis gen. et 9. nov. (IVPPV 12379)in
that of Turfanosuchus dabanensis. It has a broad - ventrd view .
anterolatera wing that is posteriorly concave. This Abbreviationsasinfig . 1plus : bca , brain-

. . . . cae icv. 2,4 ,cervicd vertebrae2 ,4
posterior surface is pierced by a large quadratojugal 2. 4 -crsl - 3 cervical ribs1- 3
foramen that is laterdly enclosed by the ; 3 . dt , dentary teeth :
quadratojugal as in most other non-crocodylomorph pi paatine :pmd , posterior portionof
archosauriforms.  The pterygoid ramus of the Iet mandible :ptt pterygoid
quadrate is dorsoventraly broad and its narrowed teeth ; VO ,vomer jic,
distd end isincomplete. The quadrate formsa curved incigve foramen
ridge between the anterolatera wing and pterygoid
ramus (fig. 1A) , which presumably have served for the attachment of the tympanumin life.




258 39

The vomers are preserved in the paratype but very fragmentary (fig.3) . They appear to
be very dender in ventra view. The right paatine is preserved in the paratype athough
incomplete. Its U-shaped anterior margin forms the posterior border of the choana (fig. 3) .
Its latera contact with the maxilla is obscured by the occluson of the mandible. The
narrowly forked posterior margin of the preserved part of the palatine is the artifact of
preservation. The true posterior margin of the bone which forms the anterior border of the
suborbita fenestrais completely missng. Relationships with other paata dements and the
presence or absence of teeth on the paatine cannot be determined owing to the poor
preservation.

Both pterygoids are preserved in the holotype (fig. 1B). The elongate paatal ramusis
missing the anterior end and its ventra surface is not conplete but clearly bears many
denticles( fine teeth) as in Turfancsuchus dabanensis (see Wu and Russdl, 2001) ,
Euparkeria ( Ewer, 1965) , and other early nonreurythrosuchid archosauriforms (see
Parrish, 1992, 1993). The presence of the pterygoid teeth in the palata ramus of the
pterygoid is confirmed by the paratype (fig. 3) . The transverse flange bears no denticles and
is narrow , which may have been exaggerated by crushing. The incomplete quadrate ramus
preserved on the right pterygoid shows that it isa thin, nearly vertica plate. The junction
areaof the three parts of the pterygoid is broadly concave. A smal posteromedia process
marks the articulation with the baspterygoid processof the bas gphenoid. Theinterpterygoid
vacuity was largely broadened by the latera digplacement of each pterygoid in the holotype
while it is nearly closed by the medid didocation of each pterygoid in the paratype.

The bad phenoid of the holotypic skull is the only preserved braincase element with
anatomical features that can be observed. It isincomplete dorsaly (fig. 1) . In ventra view ,
the bas sphenoid is characterized by an anterior fossa and a posterior fossa (fig. 1B). It is
longer and anteriorly much narrower than in Turfancsuchus dabanensis (see Wu and
Russll, 2001: fig.5) , Xilousuchus (an early archosauriform from the upper Lower Triassc
of the eastern Ordos Basn, China [ Wu, 1981: fig. 2]) , and other early archosauriforms
(see Gwer and Sennikov, 1996) . Its nearly round baspterygoid process bears a short neck
asin T. dabanensis andits basa tuber is moderately developed. Thereis no foramen for the
entrance of the cerebral branchesof theinterna carotid artery on the ventra surface posterior
to the baspterygoid process. Thisforamen must have been located on the dorsd sde asin
Dorosuchus (an euparkeriictlike anima [ Sennikov, 1989:fig. l1a]) and more derived
archosauriforms (see Parrish, 1993) . The preserved base of the parabas ohenoid process
suggests that the process may have been very dender. In dorsa view , the dorsum sellae and
anterior part of the braincase concavity are preserved but incomplete (fig. 1A) . The foramen
for crania nerve is clearly vidble posterodorsa to the pituitary concavity. Other
anatomical featuresof the dorsd part are largely obscured by poor preservation.

Mandible The right ramus of the mandible of the holotype is dmost complete but its
dorsal surface is covered by the occluson with the skull (fig. 1B). The fragmentary
mandible of the paratype is ad occluded with the skull (fig. 3). The description of each
mandibular element is exclusvely based on the holotype.

The right dentary is nearly complete except for its anteriormost and posterodorsa ends.
It isabout two-thirdsof the mandibular length. It isdistinct among early archosauriformsin
that itsposterodorsal process, although incomplete, isclearly much longer than its very short
posteroventra process. The elongate posterodorsal process of the dentary may have formed
twothirds of the dorsd border of the external mandibular fenestra, which is both
dorsoventraly much narrower and much longer than those seenin Turf ancsuchus dabanensis
(see Wu and Russdll , 2001 : fig. 2) , Euparkeria, Ornithosuchus (see Sereno, 1991: fig.
11) , and other early archosauriforms (See Parrish, 1992, 1993) . In latera view , much of



4 : 259

the laterd surface of the dentary is dightly concave. There are some fine pits on the
anteroventral surface of the dentary. The dentaries form the most of the mandibular
symphyssand dightly bulge laterdly just anterior to the posterior end of their symphyss, as
in some crocodyliforms (see Clark , 1994, Wu et d. , 1996) .

The right surangular , athough superficially damaged in its posterior region, is amost
complete. Its main body is doroventrally narrow reative to those seen in Turfanosuchus
dabanensis, Euparkeria, and most early archosauriforms where its anatomy is known (figs.
1B, 2C) . Its dender anterodorsal process extends along the dorsal surface of the dentary to
level of the last preserved maxillary tooth. Pogteriorly , the surangular extends nearly to the
end of the retroarticular region. The lateral surface of the surangular is concave, and dong
its posterodorsal edge of the bone bears a crest that subsdes in the region dorsa to the
external mandibular fenestra. Thiscrest ispresent in T. dabanensis but is more pronounced
and elongate (Wu and Russll , 2001 : fig. 2) . The anteroventral processof the surangular is
narrowly exposed and forms the posteroventral border of the externa mandibular fenestra.
Media structuresof the surangular cannot be observed owing to the occluson of the mandible
with the skull.

The right angular is complete but thereisacrack at its mid-portion (figs. 1B, 2C). In
laterd view, the mgor body of the angular is dorsventrally much broader than in
Turfanosuchus dabanensis, Euparkeria, Ornithosuchus, and most other early
archosauriforms. The angular is a0 broad in Chanaresuchus but unlike in the new taxon,
itslatera surface is strongly concave (Romer, 1971: fig. 4). Asin Chanaresuchus, the
angular/ surangular suture curves dorsaly towards the surangular. Anteriorly , the angular
forms the anteroventra border of the externa mandibular fenestra and its shamp anterior
process deeply wedges between the dentary and lenia. Posteriorly , the angular narrows as
it wedges between the surangular and prearticular before reaching the articular.

The preserved right articular is missing most of the articular fossa and the portion
anterior to it , but the retroarticular region is well-preserved (figs. 1, 2C). The latter is
unigue in that its posterior end is doroventraly thin and gives rise a sharply pointed
posteromedia process directing mediodorsaly and anteriorly, and bears a dorsoventraly
compressd, wing-like medial process on the mid-portion of its media margin between the
articular fossa and the posteromedial process. The winglike medial process is posteriorly
much thicker than anteriorly and is pieced by a foramen. The posteromedia process is
present in gohenosuchian crocodylomorphs where the retroarticular regionis known but in the
latter it is very masdve and pillar-like (see Wu and Chatterjee, 1993 :fig. 19) . A winglike
process, penetrated by aforamen , iscommonly present in a number of rauisuchiforms (sensu
Parrish, 1993) , such as Batrachotomus kupferzellensis ( Gower, 1999: fig. 20) ,
Fasol asuchus tenax (Bongparte, 1981: fig. 6) , Rauisuchus tiradentes (Huene, 1942: pl.
25,fig. 3b) , and Postosuchus kirkpatrockei (Chatterjee, 1985: figs. 8, 9b). The dorsa
surface of the retroarticular region is very concave and partly divided by a pronounced ridge
that runsfrom the posterior edge of the articular fossa but subsdes well before the posterior
end of the region. This ridge is not known in other archosauriforms in which the relevant
part ispreserved. The ventra surface of the retroarticular region is strongly convex.

Both glenids are largely obscured because of the skull/ mandible occluson. In ventral
view , they clearly meet each other anteriorly and form the posteriormost one fifth of the
mandibular symphyss (fig. 1B). The splenid is narrowly exposed anteriorly but contributes
more to the ventral surface of the mandible posteriorly. Other featuresof the bone cannot be
observed.

The right prearticular is complete but its media portion is covered by the di gplacement
of the mandible (fig. 1B). However , this agect is observable on the left sde (fig. 2B).
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The bone is dongate and exposed on the latera surface of the mandible asin Ornithosuchus
longidens (see Sereno, 1991 : fig. 11A) and two crocodylomorphs ( Dibothrosuchus e aphros
[ Wu and Chatterjee, 1993: fig. 8A] and Sphenasuchus acutus [ Walker , 1990: fig. 31a]) ,
and possbly Turfanosuchus dabanensis (Pers. Obs.). The prearticular extends further
posteriorly than the angular does and even more posteriorly than the posterior edge of the
winglike media process of the retroarticular region of the articular. In medid view the
posterior part of the prearticular , as shown on the left sde (fig. 2B) , is ventraly thick and
dorsoventraly broader than the anterior part, the latter is mediolateraly thin and curves
upwards dong the pogterior edge of the lenia. It is unknown if this part met the
surangular and coronoid anterodorsdly in life as in many other archosauriforms due to the
incompleteness of the relevant region.

f A segment of the hyoid is preserved
medial to the right prearticular. It isrod
like, showing no secific features (fig.

1B).
' — _ Dentition  Both premaxillaries of
A A N AN ASLAL - 9 ar the paratype bear the roots of five teeth.
6ﬂ “‘ — )x In contrast to the premaxillary dentition
S~ <& z=" of Turfanosuchus dabanensis, it is the

Par fifth rather than the third tooth, as the

preserved tooth roots indicated, that is

Fig.4 The reconstruction of the skull and mandible the largest , athough the other four are

Of. YonghsgchgssangbiensisinIaterd view not much smaller (fig. 4)_ Oomplete

'zgzganons;sofmgg;ﬂirf dpl us: f ’f_r;miquarmg’ premaxillary teeth preserved in the

B o holotype lack serrations along both

anterior and posterior edges of ther

crowns. Fine preparation reveas that the premaxillary teeth of T. dabanensis do lack

anterior or posterior serrations, in contrast to the description of Wu and Russdll (2001) . The
premaxillary teeth are dightly compressed , with their crown tips recurving posteriorly.

The right maxilla of the holotype has a complete row of 12 preserved teeth and two
aveoli for the first and the fifth teeth (fig. 1B). The maxillary teeth are more laterdly
compressd and bear serrations on both anterior and posterior edges of their crowns. The
maxillary teeth vary in sze. The fourth and fifth teeth (as indicated by the aveoli) are
dmilar in Sze and are much larger than the others. The maxillary teeth become smaller from
the fourth tooth forward and from the fifth tooth backward. Further preparation shows that
the alveoli of the fourth and fifth teeth are of dmilar 9ze and distinctly larger than the
remaindersin Turfancsuchus dabanensis as well.

The dentary dentition isentirely invigble because of the skull/ mandible occluson in the
holotype. Dentary teeth in the paratype are preserved in transverse sctions (fig. 3). No
digtinct features can be observed in these dentary teeth.

Pogtcranial skeleton Thefirst seven cervica vertebrae and some ribs associated with in
the paratype ane only elements of the postcrania skeleton preserved. As with the skull and
mandible, these vertebrae and ribs are preserved in ventra view and their ventra portions
were shared off (fig. 3). The dorsal portions of these eements are ill in the hard matrix
and thus, cannot provide much information.

The atlas has been almost eroded away but except possbly for small fragments located
anterior to the axis. The ventral partsof the centraof the axisand the remaining five cervical
vertebrae were largely lost. The centrum of the axis is anteriorly convex, because of the
fudon of the intercentrum of the atlas with it , and posteriorly concave. The centra of the
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remaining vertebrae are amphicoelous and hilaterally strongly concave, as suggested by the
outlinesof their broken surfaces. There is no way to determine if an intercentrum was
present between these vertebrae in life. The preserved anterior two cervical ribs (left sde)
are of dmple structure, and elongate. These two ribs resemble thefirst two cervicd ribs seen
in other archosauriforms, such as crocodyliforms (see Wu et d. , 1996: fig. 11Q, R). The
other preserved cervica ribs are stouter than the anterior two , athough incomplete. They
are short and should have had two articular heads and an anterior process in life, as
commonly seen in other archosauriforms.

4 Discusson

1) Yonghesuchus sangbiensis is a new archosauriform, exhibiting a number of distinct
featuresin the snout , temporal region, braincase, and retroarticular region of the mandible.
The abruptly and sharply pointed anterior end of the snout , as shown in the paratype (fig.
3) , has not been reported in other known archosauriforms. The snout is anteriorly very
narrow and sharp in Riogjasuchus tenuiceps , an ornithosuchid, but it does not form an abrupt
and pointed extremity just anterior to the dentition (see Sereno, 1991: fig. 12). In the
temporal region of Y. sangbiensis, the posterior two thirdsof the descending processof the
postorhital is strongly depressed , which may have provided an extra areafor the attachment
of jaw adductor muscles. Among early, norrarchosaurian archosauriforms, a smilar
depresson of the posorbital is preent in Turfanossuchus ( T. dabanensis) and
Chanaresuchus but it is much shalower and faded out within the dorsa third of the
descending process in T. dabanensis (Wu and Russll, 2001: fig. 1B) or the narrow
depresson extends downward on to the posterolatera surface of the ascending process of the
jugd in Chanaresuchus (Romer , 1971: fig.2) . The bas phenoid of the braincase generaly
bears only one fossa or concavity on its ventra surface in early archosauriforms (see Gower
and Sennikov , 1996) , while it clearly has two fossae in Y. sangbiensis (fig. 1B). The
retroarticular region of the mandible is very complex in Y. sangbiensis, being uniquein the
combination of three structures: a pronounced ridge running on the dorsal surface, a wing
like media processpierced by aforamen, and a sharp terminad process pointing mediodorsaly
and anteriorly (figs.1, 4). It istrue that al of these three have been reported in some of
other archosauriforms; for instance, the retroarticular region in many rauisuchiforms has, as
mentioned above, a penetrated wing-like media process dthough it does not bear a dorsa
ridge. Furthermore, in ome of rauisuchians (see Gower , 1999) , the retroarticular region
bears a posteromedia process that is superficially Smilar to the sharp termina processof Y.
sangbiensis and posteromedial process of sphenosuchians (Wu and Chatterjee, 1993).
Actudly, this process is different in the latter taxa, being dorsoventraly vertica in
orientation in the rauisuchians and is very thick and massve in the gphenosuchians. In
addition , the retroarticular region bearsoneor two fossae onits dorsal surface in raui suchians
(see Gower , 1999 :fig. 20C) and does not have a wing-like medial process and a dorsal ridge
in gphenosuchians. In any case, al three features have never been recorded together in any
archosauriform.

2) Aswith other groups, phylogenetic relationships within archosauriforms have been
increasngly investigated usng cladigic methodology (Benton, 1985; Gauthier, 1986;
Benton and Clark , 1988; Sereno and Arcucci , 1990; Sereno, 1991; Parrish, 1993; Juul ,
1994 ; Gower and Wilkinson, 1996; Gower and Weber , 1998) . Most recent studies agree
that characters from the two proxima tarsds (astragaus and cacaneum) have played an
important role in establishing phylogenetic relationships within archosauriforms (see Sereno
and Arcucci , 1990; Sereno, 1991; Parrish, 1993; Juul , 1994 ; Gower , 1996) . Therefore,
without information on the two proxima tarsds, it is difficult for us to conduct a claditic
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andyss for egablishing the phylogenetic reationships of Yonghesuchus sangbiensis.
However , many of the aorementioned studies have a 9 recognized ome skull characters that
bear sgnificant implicationsfor phylogenetic relationships between early archosauriforms and
crowrnrtaxa (archosaurians) . In the following text we focus on those skull characters that
may imply the phylogenetic postion of Y. sangbiensis within the Archosauriformes.

Recent phylogenetic studies of the Archosauriformes have amost unambiguoudy
consdered that the paata dentition isentirdy absent , an gpomorphic character sate, in al
archosaurians. The synapomorphies used by Gauthier (1986) to define the Archosauria do
not include the absence of the palatal teeth because he consdered Euparkeria (with paata
teeth) to be an archosaurian. However , most other recent cladistic studies have hypot hesized
that Euparkeria is not an archosaurian and the absence of the paata teeth represents a
strong evidence in support of the monophyly of the Archosauria (see Benton and Clark,
1988, Sereno and Arcucci, 1990; Sereno, 1991; Parrish, 1993; Juul, 1994).
Yonghesuchus has pterygoid teeth, which indicates that , as with Euparkeria and the
Proterochampsdae, it may not be referable to the Archosauria.

An additiona skull character that was consdered by Parrish (1993) to be important in
establishing phylogenetic relationships among early archosauriforms is the postion of the
foramen for the entrance of the cerebral branch of the interna carotid artery. In its
plesomorphic state, the foramen is located on the anteroventra surface of the bas gphenoid
posterior to the badpterygoid process and in its gpomorphic state, the foramen is postioned
on the anterolatera surface of the bas gphenoid posterodorsa to the parabas phenoid process.
All archosaurians have the gpomorphic state of this character. Parrish (1993) consdered the
apomorphic state of this character for the Proterochamps dae degite the plesomorphic state
did occur within the family, and with the support of the absence of the vertebral
intercentrum between the post-axial vertebrae, he believes that the Proterochampsdae is
more closdly related to the Archosauriathanis Euparkeria. However , in aproterochampsd,
Chanaresuchus , the foramen for the interna carotid artery is plesomorphicaly located on
the anteroventral surface of the basgphenoid. As Parrish (1993) pointed out that this
plesomorphic state is a0 present in osme gpecimens of Proterochampsa, the type genus of
the Proterochampsdae. On the bassof the common, athough not exclusve , presence of the
foramen for the internal carotid artery on the ventra surface of the bas phenoid we believe
that the Proterochampd dae should have been scored the plesomorphic state of this character
unless the plesomorphic state can be demonstrated to be secondarily evolved within the
family. With the absence of the vertebra intercentrum between the post-axia vertebrae, the
Proterochampsidae still can be consdered to be more closely related to the Archosauriathanis
Euparkeria.

As described above, it can be confirmed that the foramen for the interna carotid artery
had an gpomorphic postion on the anterolatera surface of the basphenoidin Yonghesuchus,
this being strongly indicated by the absence of any foramen on the well-preserved ventral
surface of the bas phenoid of the holotype (fig. 1B). In thispoint Yonghesuchus is more
apomorphic than the Proterochampsdae, suggesting a closer relationship to the Archosauria
than the latter athough we cannot determine whether it did not have the intercentrum
between the post-axia vertebrae and whether its two proximal tarsas were morphologicaly
as apomorphic as those of the latter.

Yonghesuchus is most comparable with Turfanosuchus ( T. dabanensis) among the
Chinese early archosauriforms that are fairly represented. T. dabanensis has been recently
conddered as a suchian within one of the two archosaurian lineages, leading to the
Crocodylomorpha (Parrish, 1993: fig. 1) . In contrast , the latest restudy (Wu and Russl
2001) has demonstrated that T. dabanensis is phylogenetically much more plesomorphic
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than what Parrish (1993) conddered. It is not a suchian, nor can it be referred to the
Crurotas (crocodyliarrline) . The presence of pterygoid teeth and the ventra postion of the
foramen for the cerebral branch of the interna carotid artery on the anteroventral surface of
the badphenoid strongly indicate that T. dabanensis is furthermore not referable to the
Archosauria. However , the relatively derived morphology of the calcaneum reveals that T.
dabanensis is phylogeneticaly coser to the Archosauria than is Euparkeria (Wu and
Russl , 2001) . It isdifficult to assess whether T. dabanensis is more remotely related to
the Archosauria than is the Proterochampsdae because the absence of the intercentrum
between the post-axia vertebrae cannot be confirmed, but it isobviousthat T. dabanensis
is not as derived as Yonghesuchus on the bassof the plesomorphic podtion of itsforamen for
the internd carotid artery.

3) From the above discusson, Euparkeria, Turfanosuchus dabanensis (if the
intercentrum was present between the pos-axia vertebrae) , the Proterochampsdae, and
Yonghesuchus appear to be successvely closer in relationship to the Archosauria. This
pattern of relationships among these early archosauriforms seems to match their geologica
occurrences: Euparkeria from the middle subzone of the Cynognathus Zone of South Africa
may be the earliest , being of late Early Triasic-early Middle Triasdc in age (see Charig and
Sues, 1976; Anderon and Cruickshank , 1978; Shubin and Sues, 1991; Shishkin et a. ,
1995; Gower and Weber , 1998) ; T. dabanensis from the lower Kelamayi Formation of
Xinjiang Autonomous Region is of early Middle Triasic (see Sun, 1980; Li and Cheng,
1995) ; and the geologica range of the South American Proterochampsidae gpans from the
early Middle ( Chanaresuchus from Chandres Formation of Argentina [ see Romer , 1971]) to
early Late Triasic ( Proterochampsa from the Ischigudasto Formation of Argentina [ see
Sl , 1967 ; Shubin and Sues, 1991]) .

Regarding Yonghesuchus, its host Tongchuan Formation discomfortably overlies the
Ermaying Formation. The upper part of the latter formation is equivalent to the Kelamayi
Formation that yields Turfanosuchus dabanensis (see Sun, 1980; Li and Cheng, 1995) .
The age of the Tongchuan Formation haslong been controversal : ome consdering it to be
of late Middle Triasdc and some others believing that it isof early Late Triasic (see Liu et
a., 2001). The disovery of Yonghesuchus seems to support the view of the early Late
Triassc age for the Tongchuan Formation on the bass of its more derived skull morphology
relative to that of Proterochampsa from the lower Upper Triasic. As mentioned by Parrish
(1993) , in Proterochampsa the foramen for the internal carotid artery shows both the
plesomorphic and gpomorphic character states. Although we do not know whether
Yonghesuchus cond stently exhibits the apomorphic condition relative to the foramen for the
internal carotid artery , the evidence available at least suggests that this new taxon cannot be
more plesomorphic in morphology than Protercchampsa. Thisis condstent with the early
Late Triasic age of the Yonghesuchus-bearing Tongchuan Formation, a date which is
supported by the presence of Triassodus, a derived paaeoniscid fish, morphologicaly most
dmilar to Turseodus restricted to the Late Triasic Newark Group and Chinle Formation of
North America. It as resembles the paasoniscid fish, Shuniscus from the Late Triassc
Xujiahe Formation of Schuan Province (Su, 1984) .
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( Explanations of Plate I)

Skull and mandible (holotype, VPPV 12378) of Yonghesuchus sangbiensis gen. et §p. nov. in dorsa (A) , ventrd (B) ,
and laterd (C) views, x0.8






