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Fg.2 Skul and lower javs of Nothosaurus youngi 9. nov. (IVPPV 13590) in dorsdl view
Abbreviations:Ar. Articuar ; At. Atlas ; AX. AXis : OV3. The 3" Cenvica Verte
bra 3 ; D. Dentary ; Bo. Bxoccipitd ; F. Fontd ;J. Jugd ;M. Maxilla
: N. Nasa ; Op. Opighotic . P. Parietd ; Pm. Premaxilla ; Po. Podorhbitd
. Rof. Podfronta . Pf. Prfrontd ; Q. Quadrate ; Sang. Surangular T D.
Supraoccipita 7 . Squanos
(Laricsaurus xingyiensis) ( ,2002 ;Rieppd et d. , 2003) Nothosau-
rus 9. (NGVIC Vm 1308) ('Shingyisaurus unexpectus Young , 1965) ,
5 NGVIC Vm 1308
, Vm 1308 -
2/5 , N. young ;

) 1/2
Nothosaurus



1 : Nathosaurus 5

5cm
3 () (VPP V 13590)
Fg.3 Skul and lower javs of Nothosaurus youngi 9. nov. (IVPPV 13590) in ventrd view
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Acoording to Rieppel (2000) , the genus Nothasaurus contains 8 vaid gpecies (N. mirahilis,
N. cymatosauroides, N. edingerae, N. haas , N. giganteus, N. juvenilis, N. marchicus, N.
tchernovi) , which were al found in deposts ranging from the lower Anisan to the lower Carnian of
the Western Tethyian fauna province (Europe, northern Africa and wegtern Asa) . More recently
anewn ecies, N. jagisteus, was described by Rieppe (2001) based on a partid skeleton from
upper Muschelkak of southern Germany .
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Thefird representative of the genus Nothosaurus in the Eagern Tethyian fauna province is
Nothosaurus 9. (Rieppd , 1998) , represented by a serioudy damaged skull and 5 cervica verter
brae (Nationd Gmologicd Museum of China Vm 1308) , and previoudy recognized as a Snosaur
Shingyisaurus unexpectus by Young C Cin 1965. Snce the 1990s, many nothosaur goecimens have
been disovered from the Zhuganpo Member of the Falang Formetion in Xingyi , Quizhou and in ad
jacent areas. The meterid described in the present paper was oollected during the fidd seaon of
2001.

Sauropterygia Owen, 1860
Nothosauria Sedey, 1882
Nothosauridae Baur , 1889
Nothosaurus Minger , 1834

Nothasaurus youngi sp. nov.
(Fgs. 1 3

Etymology Named in horor of the founder of Chinese vertebrate pa eontology and the pioneer
o Chinese Triasic marine reptile gudy , late Academician Chung chien Young.

Holotype A nearly conplete skull , lower jaws and inconmplete pogcrania skeleton (IVPPV
13590) .

Locality and horizon Xingyi , Quizhou; Zhuganpo Member , Falang Formetion , Midd e Tri-
assc.

Diagnosis A srdl dzed gecies of Nothosaurus with skull condylobasal length 160mm; 5
large procumbent fangs present on premaxilla and 4 curved fangs on mandibular symphys's; jugd
narrow and lint like with its anterior end excluded from orhit , and podorbital and maxilla in corr
tact behind jugd ; diginct and well developed ventraly projecting ectopterygoid flanges present ;
lower jaw bearing an obvious coronoid process; flenid entering the mandibular synphys's; 4 carpd
osdfications.

Dexcription  The gecimen IVPPV 13590 is exposed on its ventral dde. It is an inconmplete
skeleton , with the pdatal suface of skull , manus, pes and gadraia broken , the l€t anterior limb
log , and the dorsd vertebrae and ribs embedded in matrix. The skull wasflattened during fossilizar
tion, but its dorsa surface isperfectly preserved. The skull is dmilar to that of Nothosaurus marchi-
cus in contour and dze. The sout is short and blunt , with a weakly developed rogral condriction.
Both the external naris and orbit are short and wide. The dongate upper tenmpord fenedra is conr
dricted at the anterior corner. Itslongitudind dimenson is wo times asthat of the orbit. The ratio
o skull length to wicth (divide the digance of anterior end of srout-occipita condyle by skull width
a pogorbital) is2.75, svdler than the correponding ratio in N. mirabilis (3.97 4.08) andin
N. giganteus (3.32) (measurementsfrom Rieppel and Wild, 1996, Fig. 58 and Fig. 10).

The premaxilla forming the rogrum contacts the maxilla a the anterolateral corner of the exter
na naris. The poderior process of the premaxilla extends backward between the external nares to
meet the nasdl at the level of the pogerior end of the externa naris. Its suface is sculptured with
gmall and scattered pits. FHve premaxillary fangs are varioudy preserved on Iet and right Sde. The
1° right premaxillary tooth is log , represented by a large aveolus. The 3% isthe soutest fang and
the 4" and 5" are reduced successvely in size on the right sde. The 1* , 3 and 5" fangs are comr
paratively small , but the 2* is large and the 4" is the strongest on the Ieft side.

The nasdl is alarge and led- shaped eement. It meets its counterpart along the midine , spa
rating the premaxilla from the frontal. A short and dender anterior process of the nasal extends for-
ward to the midd e point of the media margn of the externd narisasisa® the caxzin N. haas ,
in contrag to the processes reaching to the anterior end of the externd narisin N. juvenilis, N.
giganteus and N. mirahilis. The nasd contacts the maxilla, prefrontd and fronta laterdly. The
surface of the bone is decorated with a diginct radiating pattern of grooves and ridges.
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The frontal isfused. Its anterolateral corner is separated from the maxilla by a contact of the
nasal and prefronta asin N. juvenilis, whereas, in N. marchicus and N. jagisteus the fronta
oontacts the maxilla. The latera margin of the fronta is conparatively draight , a short distance of
which enters the media border of the orbit. Thefrontal extends pogeriorly to meet the parietal in an
interdigitating suture well behind the anterior end of the upper tenpora fossa. There are many deep
longitudinal grooves and ridges on the frontal .

The prefrontal is a svdl bone located between the maxilla, nasa and fronta . It occupies the
anteromedia border of the orbit. The sculpturing of the surface of the bone is deep and dout.

The podfronta defines the pogeromedid border of the orbit , with a diginct podorbita con
driction, and its pogeriorly pointing apex is embraced between the podorbital and the parietd. The
pogerior end of the podfrontal reaches to a point behind the anterior end of the upper termpora fos
s, but does not enter the margin of the fossa.

The parietd is elongate and unpaired. An eongated pined foramen is located in a trough near
the pogerior end of the parietd. Before the pineal foramen the parieta narrows to a dender skull ta
ble , whereas a sagittd cred is behind the pined foramenin N. edingerae. Pogeriorly , the parieta
i's broadened , with a concave pogerior margn. A wel defined occipitd cres sgparates the parieta
skull table from the occipitd exposure of the parietd .

The maxilla forms a dgnificant part of the laterd margins of the external naries and the orbit ,
extending pogeriorly from the antero-lateral corner of the externd naristo alevel behind the anterior
end, but infront of 1/4 length of the upper tempord fossa. Asin N. marchicus, N. juvenilis, N.
giganteus and N. mirabilis there is a avdl depresson on the maxilla latera to the external naris,
and a smdll foramen is present on the floor of the depresson. The right maxillary dertition is dnogt
conpletely preserved. One basd part of a crown with a large cross section , represents the firg max
illary fang thet is retained on the lateraly buldging part of the maxilla between the external naris and
the orbit. Following that a large dveolus indicates the presence of the second maxillary fang. There
are 4 postionsfor smaller teeth (only the 3 is preserved) in front of the fangs, but 16 (11 teeth
preserved) behind the fangs.

The large podorhital forms part of the pogterior margin of the orbit , and the anterior margin of
the upper tempora fossa, with a pogeromedia branch thet is dhorter than the pogerolateral one , the
|atter reaching a4 to the midde point of the upper tenpord fossa. The posorhita arch formed by
the podorbita is rdatively narrower than that of other ecies of Nothosaurus. The digance orbit-
externd naris (15mm) divided by the digance orhit-upper tenpord fossa (7mm) is 2.14, but
aound 1 in N. marchicus.

The jugd is a srdl and grgo-shaped bone, located between the maxilla and podorbitd . Its
anterior end does ot enter the margn of the orbit , and its pogerior end seems to be embraced by
the pogdorhital and the maxillaasin N. jagisteus , which showsonly on the laterd view of the skull.

The squanosd is a triradiate dement , with its anterior ramus contacting the podorbital a the
mid-point of the temporal arch and the maxilla a a level anterior to 1/4 length of the upper tempora
fossa. Pogerolatera to the upper termpora fossa, the squanosa is dravn out into a diginct and long
laterd ramus, which covers the upper end of the quadrate. On the occipital surface the squanmosal
meets the supraoccipitad and the opighotic.

The right quadrate is dightly broken , while the €'t one is conpletely preserved. The bone has
a wide connection with the quadrate ramus of the pterygoid on the ventral view. The latera condyle
o the quadrate is larger than the medial one. They are dtuated in different horizontad and vertica
levels—the latera condyle is higher and anteriorer than the medid one.

The occiput is closed and plate like, but no postenypora foramen and opening of cranioquac
rate passage can be detected (perhaps due to dorsoventral conpression of the skull) . Because some
anterior cervicd vertebrae overlgp the lower part of the occiput , the occipita condyle isonly exposed
on the ventra surface. It is located a the same level as the mandibular condyles of the quadrate.
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The supreoccipitd is a leave shaped dement that carries a diginct sagitta crest , which does ot
reach the anterior margin of the bone. The foramen magnum is obscured by the didocated exoccipi-
tds. The opighotic islarge, and its latera margin seems not contact the quadrate.

The mgjor features of the paate can be edablished , dthough some bones are crushed and its
anterior portion is covered by the synphyssd articulated lower jaws. The exact shape of the vomer
is difficult to determine, because it was dformed by ome longitudina grooves. But it does show
evidence of forming the media margn of the choana and contact the paatine lateraly and the ptery-
id pogeriorly. The palatine is a quite large , thin bone that forms the pogerior margin of the choa
na, which is located further pogeriorly relative to the pogerior margin of the externd naris than is
thecazein N. haas and N. marchicus. A long narrow portion of the maxilla is exposed on the
paate laterd to the pdatine. The diginct ectopterygoid flanges are preserved on both ddes, forming
triangular projection with its media gpex pointing pogeromedially and sharply turned downward. The
pogerior portion of the pterygoids including l&t and right quadrate ram , are well preserved. Two e-
ements o the hyobranchial skeleton are preserved , the right one is located on the vertral surface of
the pterygoid , and the €t one near the |t ectopterygoid flange.

The lower jaw is dongate and dender. Corrdated with the short premaxillary rogrum, the
mandibular symphydsis dort and broad , with its ratio of length to width 0. 96 , much sraller than
1.46 in N. jagisteus. The mandibular symphyss bears 4 enlarged fangs, which are curved up-
wards , ingead of being procumbent. The 1%, 2 and 4" Ieft dentary fangs are of gpproximately
equal dze, but the 4"'fang has a dightly nmore surdy tooth base. A svdl tooth isjug erupting from
the 3 aveolus. On the right side the 1% fang is logt , the 3° is the mog dender , and the 4" the
drongeg. The dentary is narrow and long , extending along 69 % of the length of the lower jav. Be-
cause of the tight contact of the lower jaw with skull , the dentary dentition remains obscure. Bt it
isposdble to axcertain that the dentary tooth row extends a little further pogeriorly than the maxillary
tooth row. The cororoid is a rather sval bone located on the medial dde of the jaw. It differsfrom
al other peciesaf Nothasaurus informing a diginct coronoid process. The anterior end of the le
nia gppears to enter the mandibular symphyss. The jaw articulation isformed by the suprangular in
its lateral part , and by the articular in its media part. The retroarticular process is elongate.

Measurements See Table 1.

1 ( ) (1VPP V 13590)
Tablel Measurements of skull and lower jaw of Nothosaurus youngi sp. nov. (VPP V 13590)  (mm)

( - ) skul length from anterior end of sout to occipita condyle 160

length from arterior end of sout to anterior margn of externd naris 29

length from arterior end of sout to anterior margin of orbit 55

length from anterior end of sout to anterior margn of supratenypord fenetra 87

length from pogerior margn of externd naris to anterior margin of orbit 15

length from pogterior margn of orhit to anterior margn of supratenpord fenedra 7

length from pogerior margin of orhit to poserior end of skull 71

( ) width of skull a the level of maxillary fangs 42

( ) width of skull a the level of podorhita regon 58

( ) width of skull a the level of squanosal 81
( x ) dzed externd naris (lengh xwicth) 11x7
( x ) dzed orhit (Ilengh xwicth) 27 %19
( x ) dzed sypraerpord fenedra (length x width) 55 %19

length of mandibular ramus 186

length of mandibular synphyss 24

width of mendibular synphyss 25
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The podcranid skeleton is inconpletely preserved. Within the vertebrd column, the cervica
and caudd vertebrae are preserved in articulation , two anterior dorsd vertebtae are exposed in later
a view, the other dorsa and the sacrd vertebrae are obscured by overlgpping €ements and metrix.
Two grdl triangular elements which meet each other adong the midiine represent the neurd arch of
the atlas, which are directly overlapping the anterior part of the 3 cenvical vertebra (Fig. 1) . The
neural arch of the axisis preserved in ilation laterd to the vertebra column, but the centrum of
the axis can not be identified.

The 3 20" cervical vertebrae expose their vertral surfaces, which are flattened , longer than
wide, without latera condriction, and without a diginct ventra ridge. The centra are platycodous
with a transversely widened dliptic contour as indicated by the 4" and 5" cervical centra. Thereisa
ghort rib present on the 18" cervica vertebra, showing a gout proximal end and tgpering gradualy
digdly. ™o articular facets are present sgparately on the neurd arch and the centrum of the 19"
cervicd , indicating that the ribs of the pogerior cervical vertebrae are double headed.

The sacra vertebrae canmot be seen in the gpecimen IVPP V 13590, whereas two |t sacrdl
ribs are exposed asfairly prominent dements. They are relatively long dements (35mm) , with a
narrow proxima end and widened diga end (15mm x 8mm) .

37 cauda vertebrae are preserved , exposed nodly in right latera view. The caudal centra have
o ventral sagittal ridge nor are they laterally condricted. The ribson the anterior portion of the tail
are relatively long, expanded in their midde regon and tapering towards their digal ends. Many
V-shaped and dender , rod-like gagrdia are preserved , scattered in the region between the pectora
and pelvic grdles.

The pectord grde in V 13590 is in generd dmilar to that of Nothosaurus (Romer, 1956
fig. 148A) , but differsfrom the later in some details. For exanple, the triangular interclavicle is
relatively large , with its posterior border (36mm) longer then 1/2 of the anterior edge of the clavicle
(70mm) . The pogerior sem of the interclavicle is absent , but it is difficult to ascertain whether it
islog or absent origindly. Only the flattened ventral sufaces of the lower part of both scgpulae are
exposed. The Ieft coracoid is Smilar to that of other Nothosaurus species (Romer , 1956 fig. 148A)
in generd shape, but it cannot be described because it isoverlgpped by some gadrdia. Anong the
pelvic grdle two ilia and the right pubis are preserved. The iliumis srdl and low , but the pubisis
a large plate-like dement , with a concave anterior margin, a relaive graight pogerior margin, and
a diginct obturator foramen.

The I€ft anterior limb is preserved inconpletely —the diga portion of the humerus is covered
by gadraia and ome phalanged s are log. The humerus has a gout proximd end and a relative nar-
row digohyss. The conplete ulna and radi us postioned orignally resemble that of other Nothosau-
rus. The gpecimen V 13590 is different from other Nothosaurus species in having 4, rather than 3
eementsin carpa regon, which are intermedium, ulnare and two digd carpds.

Comparison and discussion  The gpecimen V 13590 from the Zhuganpo Member of the
Falang Formation of Xingyi , Quizhou is nore Smilar to that of Nothosaurus marchicus than to other
geciesdf Nothosaurus in sze, shgpe and proportionsdf skull . Both of them are syl szed anind ,
with skull condylobasal length 160mm in V 13590 and less than 200nm in N. marchicus. Ther
skulls show relatively short and broad rosrum with rounded contours and a diginct rodra congric
tion. The skull ratiosdf V 13590 fit into the rangesof N. marchicus conpletely , as shown in Table
2. In addition, V 13590 shares a number of inmportant characterswith N. marchicus , such as na-
s broad and led sheped , with radiating ornamentation , podfronta with a diginct podorbita con
griction, squamsa closly gpproaching the pogerior end of the jugd , and 9 on. They diginguish
each other in ome regpects. In V 13590 there are 4 srdl maxillary teeth in front of the maxillary
fangs, rather than 5 as in N. marchicus. The ectopterygpid in V 13590 is generad nothosaur
shaped , but it tapersto a blunt tip anteriorly and reaches to albout the level of the mid point of the
padatinein N. marchicus. The pecimen o V 13590 is different from al other speciesof Nothosau-
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rus in having a diginct coronoid process and a plenia entering the mandibular symphys's regon.

2 N. marchicus
Table2 Skull proportionsin N. youngi and N. marchicus

N. youngi N. marchicus ”
/ sout-externd naris / rogra condriction 1.4 1.1 1.4
/ - sout-orbit / sout-externd naris 1.9 1.8 2.0
/ - sout- upper tenpora fossa / sout-externd naris 3.0 2.9 3.4
/ longtudind diameter / transverse diameter of externd naris 1.5 1.0 1.4 (1.6)

*from Rieppel et d. , 1999 Table 1.

Two other nothosaur taxar Nothosaurus 9. (Young, 1965; Rieppd , 1998) and Lariosaurus
xingyiensis (Li et d. , 2002) were a0 reported from Zhuganpo Member of the Falang Formetion ,
Xingyi , Quizhou. The poorly preserved gpecimen of Nothosaurus . (NGVIC Vm 1308) is different
from V 13590 in having awider pogorhita arch and a nore pogeriorly postioned fronta-parietd su-
ture. Although Lariosaurus xingyiensis has a typica lariosaur podcrania skeleton, but nore notho-
saur-like skull , it is diginguished from V 13590 in having a nasal excluded from the medid margin
o the external naris, and a saggitd cres behind the pined foramen.

A data metrix including 25 characters of 11 taxa (Pachypleurosaurs, Simosaurus, Germanc-
saurus and 8 eciesof Nathosaurus) was anayzed cladigticly usng the software package PAUP Ver-
gon 3.1.1, and one snge nog parsnonious tree with a TL of 62 geps, Cl of 0.667, and RI of
0. 661 was obtained (Rigppe et d. , 1999) . When a newv Pecies of Nothosaurus (N. jagisteus)
was included and two characters were nodified in the cladidic andyss, one nog pasnonious tree
with TL of 65 geps, Cl of 0.662, and RI of 0.651 was yieded (Rieppel , 2001) . The nonophyly
o the genus of Noathosaurus was well founded by the analyses, but as pointed out by Rieppe
(2001) , there d continues to be a poor match of the hierarchy of nothosaurs to the sratigraphica
didribution of the eciesdf Nothosaurus.

Pachypleurosauroidea

Pachypleurosauroidea

Simosaurus Simosaurus
Germanosaurus Germanosaurus
N. juvenilis N. juvenilis
N. youngi N. youngi
Winterswijk e Winterswijk
N.marchicus f———————— N.marchicus
N.edingerae ——— N.edingerae
N.giganteus N.giganteus
Njagisteus N jagisteus
N.mirabilis N.mirabilis
N.haasi N haasi
N.tchernovi _[ N.tchernovi
4 7 5 12
Fg.4 The 7" mog parsmonious tree Fig.5 The drict consensus tree

This time the data metrix (Rieppd , 2001 Appendix 1) adding the characters of N. youngi
(Table 3) is andyzed cdladidicdly using PAUP Verson 4. 0b10. All multisate characters were
treated as urordered and equally weighted , with pachypleurosaurs, Simosaurus and Germanosaurus
as outgroups. Branch-and-bound search , ACCTRAN optimization yields 12 nog pardmonious trees.
The hierarchy of the taxa in the 7" tree is (pachypleurosaurs ( Simosaurus ( Germanosaurus (N. ju-
venilis (N. youngi (Wintersnijk (N. marchicus (N. edingerae (N. giganteus ((N. mirabilis,
N. jagisteus) (N. haasi , N. tchernovi))))))))) (Fig. 4). The clade dof the norophiletic genus
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Nathosaurus is supported by 4(1) , 5(1) , 19(1) , 21(1) , 22(2) , 23(2) , 24(1) , same asthat in
the tree obtained by Rieppe in 2001. The syngponorphiesfor the clade (N. youngi (Winterswijk
(N. marchicus (N. edingerae (N. giganteus ((N. mirabilis, N. jagisteus) (N. haasi , N.
tchernovi) ))))) are as follows: podfrontal remains excluded from upper tempora fossa 10(1) |,
pogorhita forms al anterior margin of the upper tenpora fossa 12(1) , anterior corner of upper tenr
pord fossa congtricted by digtinct laterd convexity of parieta 18(1) . In the grict consensus tree of
12 nog parsnonious trees (Fg. 5) , the rdationship of (N. giganteus, N. mirabilis, (N. haa-
s, N. tchernovi) , N. jagisteus) , and the relationship of (N. edingerae, (N. giganteus, N.
mirabilis, (N. haas , N. tchernovi) , N. jagisteus) , N. marchicus , Wintersnijk) remain un-
lved. The phylogenetic anadlyss proves that N. youngi as an independent pecies is nore primi-
tive than al geciesdf Nothosaurus but N. juvenilis.

3 () ( Rigopd , 2001 Table 7 and appendix 1)
Table 3 Characters o Nothosaurus youngi sp. nov. (Data matrix and character andys's same as Table
7 and gopendix 1 of Rieppd , 2001)

(1) 21 30 41 5@ 6(72 71 81 91 1001
11(00 12(1) 13(0) 14(1)) 15(00 16(1) 17(0) 18(1) 19(1) 20(1)
21(1) 22(2) 23(2) 24(1) 25(9
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