2003 1 VERTEBRATA PALASATICA figs.1 7

) )

%’% 1,2 3 4
1 T2N 1IN4 )
(2 T0J 0YO )
3 100044)
(4 KLP 6P4 )
, (Sdo, 1998) ;

Bishanopliosaurus youngi (Dong, 1980)  Yuzhouplicsaurus chengjiangersis (Zhang, 1985)

2 ,1980)
O Kede (2001) Redosauria Hedosaurcidea  Hiosauroidea,,
:Hiosauridee  Rhomd eosauridee
Rhomal eosauri dae( ,1980) , ,
, Hiosauroidea ,

Yuzhoupliosaurus chengji angensis
( ,1988; ,1997)

Q915. 864

1) ( :J9930095) ;
2) , .o .o

12002 - 05- 07



18 41

RESTUWDY OF BISHANOPLIOSAURUS YOUNGI DONG 1980, A FRESH
WATER PL ESIOSAURIAN FROM THE JURASSIC OF CHONGQING

SATO Tameki'* LI Chun® WU Xiao-Chun’
(1 Department d Gedogy and Geophysics, University o Calgary 2500 Universty Drive N. W. | Cdgary, Alberta T2N 1IN4 ,
Canada)
(2 Royal Tyrrel Museum o Palaeortdogy P.O. Box 7500, Drumheler , Alberta TOJ 0YO, Canadd
(3 Indtitute d Vertehrate Paleontdogy and Paleoanthropdogy, Chinese Academy o Sdiences P. O. Box 643, Beijing 100044,
People’ s Republic of Ching)
(4 Canadian Museum d Nature P. O. Box 3443, Sation D, Ottawa, Ontario K1P 6P4, Canadd)

Abdract  Bishanoplicsaurus youngi Dong, 1980 from the Jurassc Dongyuemiso Member of the Zliujing
Formetionin Chongging Municipdity , China is redescribed in detail. The holotype of B. youngi is the
podcranid skeleton of a young individud , but © far the nog conrplete plesosaurian fossl known from the
AdanJurasic. Our redudy indicates that B. youngi can be diagosed by the bifurcated sacrd ribs
combined with the conpressed neurd ine, narrow coracoid , and the humerus with a peculiar projection.
B. youngi is a vaid taxon, but its phylogenetic reationships with other plesosaurians remain uncertain
mainly because of the lack of cranid features. Previous studies on the Dongyuemieo fauna and flora indicate
thet the sediments are of subtropica freshweter origin. The discovery of B.  youngi added further irformetion
on the freshwater invason of plesosaurians. Freshweter plesosaurians 9 far known are very fragmentary |
but their wide geographic and tenpora di gributions suggest thet the presence of plesosaurians in freshwater
environment was ot uncormnon in nog of their higory.

Key words Bishan, Chongaging, Jurasic, Zlivjiing Formetion, Hedosauria, Anatony

1 Introduction

Jurasic plesosaurians are wdl represented by a large number of beautifully preserved
gecimens from Europe, but are poorly known from the equivdent drata of other countries. There
are a number of occurrences of plesosaurians from Asan countries, but many o them, epecidly
those from the Jurassc , are very fragmentary and non-diagnogtic (Sato , 1998) . Bishanoplicsaurus
youngi (Dong, 1980) and Yuzhouplicsaurus chengjiangensis (Zhang, 1985) are © far the only
Jurassc pledosaurians known from Ada and retain sgnificant parts of the skeleton. In addition to
the rarity of the occurrence of nearly conplete podcrania skeleton from the Adan Jurassc,
depodtiona envi-ronments of those Chinese ecimens are suggeded to be an inland lake.
Hegosaurian remeins from freshwater depodts are very rare. (onddering their inportance in
plesosaurian biogeogrgphy and biogratigraphy , it is necessary to redudy those taxa in detal in the
light of incread ng irnformation available for other pledosaurian taxa. The purpose of this contribution
isto gve a detailed redescription of the holotype of B. youngi for our further underganding of the
anatomy and biogeography of the freshwater plesosaurians. We a0 discuss the taxoromic gatus and
phylogenetic rdationships of the taxon in the present pgper.

2 Guologca Background

Acoording to Dong (1980) , the holotype of B. youngi was excavated from a sandy mudstone
dratum of the Dongyuemiao Member of the Ziliujing Formetion in Bishan Gounty , Chongaing Muni-
cipaity (on March 14, 1997, Chongaing was desgnated as a municipaity and separated from the
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Schuan Province) , China. Many publications designate the Ziliujing Formation and its equivaents
asLower Jurasdc (e.g. Deng, 1985; Dong, 1980; Luo and Wang, 2000 ; Wu and Tong , 1994) .

A few gudieson loca nolluscan fauna (Cai , 1988) and flora (Meng and Chen, 1997) o nearby
stes, however , correlate the Dongyuemiao Member with Middle Jurasic. The occurrence of B.

youngi itself does ot offer a grong support to either claim, because plesosaurians are known from
both Lower and Middle Jurassc, athough they are far greater in both diverdty and number in the
Lower Jurassc.

Abundance of nolluscs and plants characterizes the biota of the Dongyuemiao Member ,
indicating that the sediments are of freshwater origin and deposited in subtropica cimete (Cai ,
1988 ; Meng and Chen, 1997) . There are, however , few published acoounts on vertebrate fossls
from this particular member of the Zliujing Formation. In contrag to the rich dinosaur fauna of the
upper part of the Jurasic series of the regon and neighboring areas (Dong e d. , 1985) ,
vertebrates from the lower part is relatively poorly known. Recently , Luo and Wang (2000) reported
the occurrence of a number of prosauropod and theropod dinosaurs from the member in Gongxian
Qounty , Schuan Pro-vince (about 200 km southwes of Bishan) and enphasized the inportance of
the Zliujing fauna in relation to other dinosaur faunas.

3 Sydematic Pdeontology

Diapsida Osborn, 1903
Sauropterygia Owen, 1869
Pesiosauria de Bainville, 1833
Fiosauroidea ( Seeley) Welles, 1943 sensu O’ Kedfe, 2001
Bishanopliasaurus Dong, 1980

Type and only known species Bishanoplicsaurus youngi Dong, 1980.
Revised diagnosis Asfor the type and only known species.

Bishanopliosaurus youngi Dong, 1980

Holotype VPPV 5869, an inconplete podcranid skeleton of a young individua conmposed
of 63 vertebrae, ribs, nog of pectord and pevic grdes, humeri and fenora, and disarticulated
padde eements.

Revised diagnosis Short-necked pledosaurian (pliosauroid) with a leag 17 cenvicas, 19
dorsds, 3 sacrals, and 26 caudd vertebrates. In addition to features comnon anong pliosauroi ds
such as short cervical s with well-developed zygapophyses, this taxon has bifurcate sacrd ribs as a
unique character. Narrow ocoracoid, projection in humerus, and ocompressed neura ine are
potentidly diagnogtic (see the Discusson) .

Locality and horizon Bishan Gounty , Chongging Municipaity , China; Lower or Midde
Jurassc Dongyuemiao Member , Zlivjing Formation.

4 Redecription and Conpari on

Our further examination reveds that the preserved vertebra column is composed of fifteen
cenvicas, nineteen dorsd's, three sacrals and twenty- Sx cauda s indead o five cenvicas, twenty
one dorsals, two sacrd's and thirty-one cauda s as suggesed by the origind description.  The fifteen
cervica's does ot include the atlas and axis but the two pectora's that bear the rib facet on both
parapophyss o the centrum and the digpophyss of the neurd arch. In conparion with other
contenporary plesosaurians, the number of the cervicasis very low , even dter adding two for the
mising atlas and axis (Table 1) . The rest of the preserved column appears to be adnpg conplete
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juddgngfrom the lack of dgnificant norphological gaps throughout the series and from conparable
numbers in other known pledosaurians. The centrum is short and anrphicoglous, with no notochordal
pit , in al vertebrae. Thereisa suture between the neura arch and centrum , and in afew vertebrae
the neural arch is naturdly detached , indicating that this is a very young individua { juvenile”
sensu Brown , 1981) . In the following description , the combination of“ #” and Arabic number
indicate the podtion of the vertebra within the preserved vertebrd column. For exarple ,* # 17
dbes not represent the atlas but the anteronpg vertebra of the preserved col umn.

1 ( V 5869)
Tablel Number o vertebrae in Bishanopliosaurus young (1VPP V 5859) and L iassic plesiosaur ians

Cervicds Dorsds Secrals Caudd's Data Surce

«C ) ) (G ¢ ) ( )
Bishanoplicsaurus youngi 17+ " 19 3 26 Pers. Obs.
Archaeonectrus rostrutus 24 24 2 34 Owen (1865)
Macropl ata longircetris HMor2s"" 20r 24 3or4 2 White (1940)
Rhomal ecsaurus cramptoni 27 30 ? 34 Cate & Baily (1863)
Microde dus homal espondyl us 38 2 2 10+ Owen (1865)
Microde dus homal espondyl us 45" 17 3 20 + Waton (1909, 1911)
Plesicsaurus dalichodeirus 460r 47" 21 3+ 28 Sorrs (1997)
Pl onewstes philarchus 20r24"" About 20 ? ? Andrews (1913)
Attenborosaurus conybeari 38 21 2 5+ Sllas (1881)
Thal assiodracon hawki nsi 31 23 57 29 + Ownen (1840)
Plesicsaurus macrooegphal us 29 20 2 ? Owen (1840)
Occitanosaurus tournemirensis 46" 16 4 ? Bardet et d. (1999)

* including mising alasand ads; ** “ " the’ pectorads’ counted
ascenvicasin rferences; * * * the number may include pectoras and/ or scrdls.

Anterior cervicas of the preserved series have broad zygapophyses that are as wide as the
centrumis. On the ventra surface of these cervicals there are a pair of depressons and foramina
lateral to the ventrd ridge dong the midine. One cervica (vertebra # 3) has an additiond ridge
lateral to the ventral ridge, and a ventra foramen is located between the two ridges. The
intervertebra faces of these vertebrae are dightly compressed owid in outline. The neurd ineis
laterdly compressed , and the dorsal end is elongated , teardrop- shaped and dightly concave.

The cervica rib facet is entirdy located in the pargpophydsd the centrum. It is a concave and
uneven surface , with a weekly-developed longituding ridge and pits in the anterior cenicds (Fg.
1A) . Quch aridge ismising in nore pogerior cervicals. Cervical ribs are poorly preserved. The right
rib of the vertebra # 6 has a condriction in the mdde of the sheft , gving an outline of hourgass. An
ilated rib was found with one of the pogeronog cenvicds, and it has a sSnge phericd head and a
short anterior process (see the Discusdon for details) . In the two posteronog cenvicasthe ribfacet is
oonpresed , with its upper haf on the short digpophyds (Fig. 1B) . The ventrd ridge isonly weakly
developed in those pogeronpg cenvicas (Fig. 1C) and entirdy absert in the dorsds behind. The two
posteronog cervicds are very smilar to the sacrasin overal nomhology , but they are digtinguishable
from the later based on the presence of a weakly developed ventra ridge dong the midine and the
less prorounced dorsal half (digoophysed portion) of the rib facet.

Inthe dorsal series, the centrum is gool-shgped , the intervertebral face is dnpg round in
outline, and the rib facet becomes pherica and noves onto the laterally directed transverse process
formed by the combination of the pargpophyss and digpophyds. There are two or nore verntra
foramina but o ventrd ridge. The neura sines are anteropogeriorly longer than those in the
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Fg.1 Sme anterior vertebrae of Bishanopliosaurus youngi Dong, 1980, cervica vertebrae # 24 in right
laterd view (A) and vertebra # 15 (the second pectord) in et lateral (B) and vertrd (C) views
Abbreviations :poz , postzygapophys's ;prz, prezygapophyss ;rb, proxima end of

arib f, ribfacet M, ventrd foramen

cenvicas, but zyggoophyses are smaller. The dorsal end of the neurd pine is elongate and owoid in
dordl view.

The lag of the Sx vertebrae in Fig.2 { sv1”) isthefird sacra vertebra, as indicated by its
compresxed rib facet on the neural arch and centrum. We identify the vertebraillugrated in FHgure 3
o Dong (1980) as arother sacrd vertebra. This vertebra superficidly resembles the orementioned
two pogteronpg cervica's (pectora vertebrag) in which its rib facet is dors-ventraly elongate and
extends onto the neura arch. However , it differsfrom the pectordsin lacking a ventra ridge along
the ventrad midine and bearing the robust dorsd half of its rib facet asin other plesosaurians (see
Sedey, 1877 ; Welles, 1943, 1962) . As moted by the origind description , this vertebra and the
preceding one have peculiar bifurcated ribs (Figs. 3A to C) . These ribs possess an additiona short
branch that projects dorolateraly from the middle of the main body that extends ventrolaterally and
pogeriorly. In these two sacrads, the dhort transverse process is massve, and its dorsal surface is
flattened with a ridge on its pogerior Sde.

Caudd s are dl dmilar in the fird hdf of the preserved series then regpidly decreases in dze
towards the pogerior end. The centrum is hexagpn-shgped and dnog platycoelous in the firg half
(Fgs. 3D and E) , then becomes square-shaped and deeply anphicoglous in poseronog cauda's.
The rib facet in the caudal seriesis located on the centrum jug ventrd to the suture with the neurd
arch. Chevron facets are located on both anteroventra and pogteroventra edges, and in generd |,
facets on the pogerior edge are larger than anterior ones.

Pectoral grdle dements are disarticulated and attached to blocks of pogterior dorsd vertebrae.
They are partly overlgpping each other, maeking it difficult to recongruct their orignd <atia
relaionships. Our identification of derma eementsis not conpletely unambiguous.

The exposed portion of the clavicular arch, presumably interclavicle (Fig. 2) , gopears to be
the ventra dde because of its convexity. Its |6t dde is complete except for the very lateral end,
while its right sde is ot entirely observable because much of it is covered by a part of the scgpula.
The anterior end of the element forms a blunt gpex. The pogerior edge is concave on the €t ddes,
and a very small portion of the counter part of the right is vishble under the overlapping scapula.
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2 (A) (B)
Fg.2 PRogeronpg dorsd and thefird sacrd vertebrae and ome of the pectord grde dements of
Bishanopliosaurus youngi Dong, 1980 in laterd (A) and vertrolaterd (B) views

Abbreviations asin Hg. 1 plus 1 id , interclavicle ;pmid , pogeromedian process
o interdavide ;pot , poderior tip of dorsd blade o scgpula <, gpular
;sdb, dorsal blade of scgpula o, thefird sacrd ; X, uncertain (see the
Degcription )

Much of its pogeromedia process is overlgpped by the dilacement of other grde dements. Asa
whole, the interclavical is nog smilar to that of Eurydeidus megacephalus (Andrews, 1922a) .

It is difficult to identify the paired dements { X" in Fg.2) onthe other Sde of the block. It
may represent the poseromedia portion of the interclavicle that has a median suture as in
Eurycleidus megacephalus. An dternative interpretation is that the ement in quedion is a part of
clavicles that are Smilar to the paired clavicles of polyootylid plesosaurians (Willigon, 1903) or
Rhomaleosaurus thorntoni (Andrews, 1922b) . The dement” x” is very thin and it is unlikdy to
represent a congituent of the gout pectoral midiine bar formed by the scapulaor coracoid asin many
Upper Jurassic pledosaurians (Andrewns, 1910) . Such a posdhility , however , canmot be ruled out
because the base of the pectoral bar is present in the coracoid and this area of the coracoid is



3 ( #36 #37 ) (A) (B) # 37
(o] ( #44 ) (D) (B
Fg.3 Sacrd and caudd vertebrae of Bishanoplicsaurus youngi Dong, 1980, sacrd vertebrae (vertebrae # 36
and # 37) in poderior (A) and dorsdl (B) views; vertebra # 37 ( ? sscrd 3) in Idt laterd view (C) ; an
anterior caudd ( # 44 of preserved column) in right laterd (D) and anterior (E) views
Abbreviaions: asin previous figures plus d , facet for chevron
g, sacrd rib V36, V37, vertebrae # 36 and # 37 of preserved column #36
#37

actualy thin (see below) . There is afragment between the dements, which may be a rib head.
The right sScgpulaismisding nog of the dorsal and ventra plates (Fg.4) , while the dorsal blade
gopearsto be the only part preserved for the |6t scgpula, dthough idertification of the latter is
menhat pecuaive (Fg.2; do see the Discusdon) . The remains indicate that the scgpula was of
typicaly plesosaurian triradiate form, but the eandon o the poderior tip of the dorsd blade is
unconon for a plesosaurian and rather Smilar to that of Triassc sauropterygans such as Pistosaurus
(Sues, 1987) and Corosaurus (Sorrs, 1991) . The demid is about twice as large as the articular
facet for the coracoid , and they are located a the pogerior end of the dout body of the scgpua. A
peculiar feature is a sharp, shdf-like projection dong the ventrolatera edge as in Leptodeidus
superstes (Andrews, 1922a) . Only a smdll portion of the edge of the pectord fenedra is preserved.
The following additions to the origina description are needed for the coracoid. The gemoid is
much larger than the scepular facet , and there is a smdl notch anteromedial to the scgpular facet in
the right coracoid , probably representing a part of the pectoral fenegra (Fg. 5A) . The maximum
width from the denoid to the synphyssis 146. 8 mm, which isless than the haf of the length of the
bone. The coraooid is very thin and nogly damaged in the area anteromedid to this small rotch,
but the base of the anterior projection aong the medid line is preserved. Our recongruction of the
ocoracoids differs from Dong’ s (1980 :Fig.5) in that the gap between the It and right coracoidsin
the anterior portion is narrower but the dze of the anterior extendon is eculated. The lateral edge
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4 (A)
(B) ©
Fg.4 Right ssgpuar o Bishanopliosaurus youngi
Dong, 1980 in externd (A) , internd (B) ,
and ventrad (C) views
Abbreviaions as in previous figures plus
foo , facet for coracoid
;d , demoid ;ptf , pectord fenegtra
sie, vertrolaterd edge of scapular
sp, vertrd plae of scgpular

poderior to the demid is draght and
perichondorally osdfied , but the pogerior edge
is urfinished. The two coracoids are united
along the midine except for the pogerior one
fifth. There is no poderolaterd expanson of
the coracoids. Acoording to Zhang (1985) ,
the coracoid of Yuzhoupliosaurus
chengiangensis (from the Midde Jurassc
Xintiangou Formetion of Beipel , about 50 km
rortheast of the locdity of B. youngi) isd®
plate-like and lacks the pogerolatera expangon
but it gopears reatively longer (with a length
about 2. 7 times the width of the bone) and is
pogeriorly well sgparated from its mete.

The nearly conplete |t humerus (Fg.
5B-D) has an dnpg draight sheft , in contragt
to the cuved humerus of primitive
sauropterygans and Plesiosaurus dolichodeirus
(Sorrs, 1997: Fg. 10). Its tuberodty is
inclined dightly pogerior to the capitulum.
There is a promounced bump or projection
{ bph” in Figs. 5B and D) near the proximd
end of the poderior edge of the shdt. In
ventral view , there is an eongate shallow fosaa
near the anteromedial edge of the proxima hdf
o the humerus, indicating muscle attachment.
The shdt gradualy expands towards its diga
end , but the exact width at the diga end is not
available due to the covering matrix. Bpipodia
facets are not differentiated.

Both ilia are conpletely preserved , but
our determination of the right and |€ft remains
Peculative owing to the lack o ddinitive
features. In our interpretation, the interna
suface near the sacral end is dightly raised
along the anterior edge (Fig. 6A). The dorsa
end isflattened and dightly curved , while the
vertrd end is dout, with an outline o a
rounded triange in cross section. Loss of the
oontact between the ilium and pubis is a
syngponormphy of the Fedosauria (O’ Kede,
2001; Sorrs, 1991) , and B. youngi agppears
to have such a oondition, but articular facets
are ot clearly differentiated. There is a minor

notch at the anterolateral corner of the acetabular end (Fig. 6B) . As noted by Dong (1980) , the
iliumistwiged in its shdt o that the long axis of the ventra end projects anterolateraly.

The nearly conplete pubis and ischium are from the right Sde, juddgng from their concavity ,
andwell described by Dong (1980) . Our recongruction, however , differs from Dong’ s (1980:
Fig.6) in the manner of articulation of the two bones. Asillugrated by us (Figs. 6D and E) , if
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Fg.5 Qoracoids and left humerus of Bishanoplicsaurus youngi Dong, 1980 in vertrd (A, D) , dorsd (B) ,
and proxima (C) views

Abbreviations asin Fg. 4 plus 4 bph , projection dong the proximopogerior edge of the
humerus ;Ccq , cgpitulum ;fh, facet for humerus ;
fsc, facet for scgpular ;tub | tuberosty v , vertebra ine

they are adequatdly placed in articulation a the acetabulum, the two bones may ot have met
digaly such that the puboischiatic fenesra ( =the orbturator foramen of Dong, 1980:Fig. 6 [fo])
was mediadly open. Thisis a9 indicated by the fact that the oppodte edges of the two bones are
grooved, suggeding that a cartilage was attached in life. The medid edges of the two bones are
anog draght, ingead of meking a dianondshgped vecuity in center as in the orignd
recondruction. The fenedration may have been closed medidly by cartilage. The anterolaterd
margn of the pubisis mot sguare-shaped but round , which is conparable to the dtuation seen in
juveniles of some plesiosauroi ds in which an ontogenetic variation has been sudied (Welles, 1962) .

Both femora are conplete, and dightly longer than the humerus (Figs. 7A to C; Table 2) .
The femur is dightly larger at the proxima end than the humerus, but the expandon at the diga
end is less dgnificant. The trochanter is a pronounced projection digodorsal to the cgpitulum. Fa
cetsfor the tibia and fibula are poorly differentiated at the digd end. The bone expands nearly
symetricaly , to a dightly greater degree pogerolateraly than anteromedialy. The diga expandon
of the femur is proxinodigaly shorter when conpared with that of Y. chengiangensis.

There are three epipodid eements preserved , of which two were identified as a pair of tibiae
and one fibula by Dong (1980) . The tibia ill remains the shagpe of a long bone with a condriction
o the sheft (Figs. 7D and G . Thefibular edge of the tibiais much shorter and nmore concave than
the anteromedial edge. In contragt to Dong' s (1980: Fg.7) recondruction, we believe that the
broader end represents the proximal end of the tibia as in mgjority of Jurasic plesosaurians with
dmilar epipodia norphologies (e. g. , Dames, 1895; Owen, 1865; Sorrs, 1997) . In Dme later
plesosaurianswhose tibia log the shape of a long bone (e. g. , Late Jurassc pliosauroids in
Andrews, 1913) , however , there is no dgnificant difference in width between proximal and digtal
ends. There isa subtle difference in the convexity of dorsal and ventral surfacesdf the tibia, and we
idertified the 9de shown in FHg. 7D asa dorsd view of the tibia to metch the difference in the corr
vexity a the diga end of the femur.
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6 V? (A) (B) (@
(D) (B
Fg.6 Pdvic grde o Bishanoplicsaurus youngi Dong, 1980, ? It iliumininternd (A) , externd (B) , and
articdar (C) views; right ischium and pubisin externd (D) and internd (E) views
Abbreviations asin Hg. 5 plus 5 act , acetabulum il , facet for ilium
fis, facet for ischium ;is, ischium ;ntc, rotch ;pif , puboi chidic fenedtra
( = obturator foramen o Dong, 1980:Fg.6 [fo]) ; pu, pubis

2 V 5869
Table 2 Measurements o skdetal elem(entsd Bishanopliosaurus youngi Donq). 1980 (I1VPP V 5859) (mm)
Centrum L Centrum H CentrumW  Neurd Sine H
( ) ( ) ( ) ( )
Anteronog cervicd (#1) ( ) 25.3 39.4 40.6 N/ A
Pogerior cervica (# 10) ( ) 32.1 45.2 51.4 62.5
Pogeronog cervica ( #14) ( ) 31.9 4.7 65 76
Dorsal ( #34) ( ) 34.8 N/ A 62.1 et 68.1
Sacrd (#37) ( ) 30.4 51.6 62.7 N/ A
Anterior caudd ( # 44) ( ) 27.4 51.2 57.6 N/ A
Pogteronog caudd ( # 61) ( ) eg 15 30.4 29.2 N/ A
Maximum L ( ) Wa sacrd end( ) Longer D at acetabular end( )
llium( ) 128.7 45.9 52.4
L dong median synphyss( ) Maxi mum W ( )
Pubi s( ) 167.8 185.7
Ischium( ) 158.5 138.9
L( ) Wat proximd end( ) Wat digd end( ) Hat digd end( )
Humerus (l€ft) ( ) 246.8 67 N/ A N/ A
Fermur (right) ( ) 257.8 70.5 114.5 46
Epipodia/ tibia ( / 83.7 69 63 36.5
)Abbrevietions :D, dameter ed, edimated ;H, height ;L , lengh ;N/A, ot available

;W width ; # 1, indicating the podtion of the vertebra within the preserved column
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Fg.7 Sme dementsd the hindlimbs of Bishanoplicsaurus youngi Dong, 1980, right femur in proximd (A) |,
dorsal (B) , and vertrd (C) views; |dt tibiain dorsd (D) and ventrd (G views; |dt fibulain dorsd (E)
and vertrd (F) views

Abbreviations asin Hg. 5 plus 5 ff , facet for femur ; ffi |, facet for
fibua ; ffil , facet for fibuare ; fint , facet for intermedium
fti |, facet for tibia ; trc, trochanter

Thefibula is very thin and flat , and although it is idertified as the I€ft acocording to Dong
(1980) , it isinposdble to determine based on its nomphology only. One sde of the fla bone is
evenly concave , while the other sde isirregular. The unusua curvature of the edge of the gatium
interosseum (Dong, 1980: Fg. 7) was resulted from the damage of the digomedid corner of the
fibula, and we redored the outline (Figs. 7E and F) that is semilunate shape typicad of Early
Jurasdc plesosaurians such as Plesiosaurus dolichodeirus (Sorrs, 1997) . Unlike P. ddlichodeirus
and many other Liasdc forms (Owen, 1865) , how-ever , the length is only dightly larger than its
wicth in the fibula of the VPPV 5869. The edge of the gatium interosseum is the only part of the
edge that has perichondra osdfication. Orientation of the bone cannot be determined norphologically
due to poor osdfication. The presumed diga end has an ange near the broken median edge , and it
seems to represent the divide of the facets for the fibulare and intermedium (Fg. 7E) .

5 Discusdon

5.1 \Validity of the Taxon

Mog o the features lised by Dong (1980) as diagnossof B. youngi are either conmon for
pliosauroids or attributable to ontogenetic change. Jurasic pliosauroids dfinities include the
relaively tall centrum with a longtudind ridge on the ventrd midine, the femur longer than
humerus, and epipodia s longer than wide. The srell dze of the ilium and the rounded outline of
the pubis are nog likely related to the ontogeny. A few characterigics of the vertebra, rib, and
ooraocoid , howe-ver , need a further discusson to verify their vaidity as taxoromic characters.

Although the short cervica centrum is common for the Hiosauroidea sensu O’ Kedfe (2001)
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members of plesosauroid Rolyootylidae and Morturneria seymourensis (Chatterjee and Small , 1989)
ad o have characteridicaly short centra. The relative length of the centrum changes ontogeneticaly.
AsBrown (1981) denondrated that the length of the centrum relative to the height and width in
juvenile Cryptodidus is dways gdorter than those in nore matura individuds throughout the
oolumn. The short centrum of B. youngi is predictable because of its immaturity.

Theorignd diagods of B. youngi (Dong, 1980:p. 192) dates that the cervicd rib is
double-headed in anterior cervicals, while the rib is snge-headed and has a branch in pogerior
cenvicals The number of cervica rib head (s) has been an important taxonomic character in
plesosaurian classfication snce 19" century (Seeley , 1892; a0 see Brown, 1981) . In genera ,
early pledosaurians have double-headed ribs, and later forms have sndeheaded ribs. Tarlo
(1960) , however , noted that one sde of a centrum of the holotype of Plicsaurus andrensi has a
double facets while the other has a dnge, and that anterior cervicals have double rib facets but
pogeromog cervicads snge rib facet in Pliosaurus brachyspondylus. Therdfore, it is subject to
variation within the snge individua. The longitudina ridge of the rib facet in anterior cenvicasis
very week , which suggeds that the double heads of these ribs in B. youngi are rot diginct in
comparion with those of  Plicsaurus brachydeirus and Liopleurodon pachydeirus ( Tarlo, 1960) .
Incormplete ossfication of the IVPP V 5869 is gpparently reponsble for such an ambiguity. In
addition, none o the poorly preserved anterior cervica ribs clearly show the two heads. Thus,
presence of double-headed arterior cervical ribs is suggested but ot proven. Presence of snde
headed ribsin the pogerior cenvicasin B. youngi is supported by the lack of the longtudina ridge
in rib facets, aswel as by the sndeheaded rib found with the pogeronog cervical .

The vertebrae that bear branched ribs are idertified as sacrds in our sudy, not as pogerior
cenvicdsasinorigna desription. Therdfore, the® bifurcated sacra rib” |, indead of the cervical
rib, characterizes B. youngi. Sacrd ribs are rarely described in detail , but to our knromedge , such
a bifurcated rib is unique among the pledosaurians. Andrews (1913) regarded” a number of
peculiarly shaped bones” (p. 74) as the sacral or anterior caudd ribs of a Pdoneustes evarsi
skeleton. Their triangular shape with two"* facet for contact with next rib” (Andrews, 1913: Text-
Fig.29) may somewhat resemble to but ot same as the branched rib of B. youngi.

We agree with Dong (1980) in regarding the elongate coracoid with the sraight lateral edge
pogerior to the denoid as a potertia diagnogic feature of B. youngi , athough it certainly requires
the disovery of adult pecimensfor the corfirmation of ontogenetic variation. Hesosaurian coracoid
is subject to a subgantia ontogenetic change as documented for Cryptodidus (Andrews, 1895) .
However , there are a number of ecimens such as young individuals of Cryptodidus in Andrews
(1895) , holotypes of Leurospondylus ultimus (AMNH 5261 ; Brown, 1913) and Fresnosaurus
drescheri (CIT 2758: Welles, 1943) in which the coracoid aready shows the outward curvature of
itslatera edge in gite of immaturity. Hiosauroids in generd have reatively narrow coraooid in
compari on with other plesosaurians, dthough they dill have the outward curvature of the latera
edge of the coraooids. It is necessary to document a growth series of the coraooid in pliosauroids to
verify the nature of the narrow , graight-edged coracoid of B. youngi.

The expangon of the dorsal end of the dorsal blade of the scapula perhaps serves as an addi-
tional diagnogic feature. However , we think that it is wise to wait for a disovery o better
gecimensto corfirm its postion and extent , because the fragmentary nature of the ldét scagpula
leaves ambiguity.

The prornounced projection at the pogterior edge near the capitulum of the humerus is arother
potentially diagnogic festure of B. vyoungi. It probably represents the attachment dte for M.
latissmus dorsi and/ or other muscles that pull the humerus backward and upward. The humerus of
Simolestes vorax (Andrews, 1913) d® bears a pronounced projection, but a the midway of the
pogerior edge of the shat. Tarlo (1960) , who rejected its value, noted tha this feature does not
exig in the immeture individua of the same ecies. Presence of a prormounced projection in the
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young individua of B. youngi inplies a further development in adults, but its dgnificance in
compari on with the growth series of other pledosaurian taxa remains geculative.

The neurd spine o the holotype of B. youngi islaterdly compressed. According to O' Kedfe
(2001) , the presence of the laterdly compressed neurd pine is a diagnogic feature of the
Fedosauroidea with reversas in a few taxa such as polyootylids, but mot known anong the
pliosauroids sudied by him. Morphology of the neura ine has a variation aong the cervicd
oolumn in plesosaurians, however , as documented by Andrews (1913) for Peoneustes and
Willigon (1903) for Ddlichorhnychops. While regarding this character as potentialy diagnodic , we
think the conparioon of a conplete cervica series is necessary to determine the dgnificance of the
conmpresed neura pinedf B. youngi.

B. young remains as a valid taxon characterized primerily by the bifurcated sacral ribs. The
narrow coracoid without a lateral expanson , the development of a projection on the pogerior edge of
the humerus near the capitulum, and the conpressed neural gine may a9 be added as diagnogtic
characters. However , it requires an examination of adult individuals to determine the posshility of
ontogenetic and/ or intragecific variation.

5.2 Phylogenetic Affinity

O Kede (2001) isthefirg to conduct a large scde daddic andyss o the Redosauria that gave
a ddinition of eachfamily and dagrodic characters in phylogenetic framenork. H s phylogeny supported
the mgjor dictotomy of the Hedosauria, i.e. , Hedosauroidea and Hiosauroidea , but the latter dbes ot
include the Rolyaotylidee thet is a gouyp of the Cretacepous dort necked plesosaurians that used to be
placed within the Aiosaurcidea (Brown, 1981; Welles, 1943) . Within the Hiosauroidea, O' Kede
(2001) recognized two morophyletic groups, Families Hiosauridee and Rhomdensauridee, to the
later B. youngi was assigned by Dong (1980). Bremer indices and bootsrgp supports for the
norophyly of each group were relatively low in conparion with other families but nevertheess
spported (O’ Kede, 2001: Fg. 20). Rdaionships avong andyzed rhomaleosaurids are poorly
supported partly due to the conservatism of the group , while pliosaurids have a better resol ution (O’
Kedfe, 2001) . Diagrodic features of each family are nogly from the skull , and there are only afew
podcranid characters available to examine the famlid dfinity of B. youngi. Bven for those
characters, none of themis excludve to a particuar clade and subject to horroplasy.

B. youngi has rhomaleosaurid dfinities because it fulfills the diagnogtic postcranid features of
the growp. At the same time, it does have pliosaurid dfinity for the very same reaon because they o
rot corflict with rhomaleosaurid characters, athough one of the two such characters is not corfirmed
because of missng data. The presence of conpresed neurd ine of B. youngi even quegions its
pliosauroid &finity , because it is a diagnogtic feature of the PFledosauroidea sensu O’ Kedfe (2001) .
Gongdering the homoplasy of podcranid characters, the lack of overwheming number of the cranid
characters that characterize plesosaurianfamilies, and immeturity , we do ot think it iswise to asign
thistaxon to a particular family defined by O' Kedfe (2001) dthough anatomic festures currently
available parsnonioudy sugges that B. youngi is mog probably a pliosauroid.

B. youngi hasa unique combination of the characters andyzed by O Kedfe (2001) , such asthe
presence of the laterd compresson of the neurd spines (character 130) |, the presence of the concave
anterior margin of the pubis (character 144) , and the absence of the anded humerus (character 150)
aswdl as rhomaleosaurid and pliosaurid characters. Such a combination contradicts any taxa andyzed
by O' Kedfe (2001) . Therefore, it has no taxoromic equivalence , and the deletion of this taxon from
the phylogengtic andlyss is mot judified in terms of taxoromic equivdence { sffe taxoromic
reduction” of Wilkinson, 1995). Roor preservaion and immeturity of the only gecimen of B.
youngi , however , are serious problemfor the phylogenetic anadlyss a this gage. Because of the poor
preservation , only 38 out of the 166 charactersof O Kedfe' s data metrix are available for coding B.
youngi. That is, as much as 77 % o the data are mising. Furthernore, it is expected thet the
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ontogenetic variation would afect savera characters that are related to the proportion or the
prominence of dement (s) , such as long/ broad epipodids (O’ Ked'e' s character 161) , and it further
increases uncertainty in coding. Disoovery of meture and better-preserved gpe-cimens is inportant to
edablish phylogenetic rdationshipsof B. youngi with other pledosaurians.

5.3 Freshwater Fesiosaurians

Because of the occurrence of a vag mgority of their fosdls from marine sediments, nog
plesosaurians were ddfinitely inhabitants of marine ream. Ther capability in surviving other
environments has been discussed in a very limited extent. Hesosaurian remains are reported from at
leag potertidly rorrmarine ervironment of the following ocountries: Engand, Canada, and
Audralia, in addition to China.

The Upper Wedden Cay of Bewick, Susex, yidded the holotype of a plesosaurian
Leptocleidus supterstes (Andrews, 1922a) , and is d 9 fampusfor its varied dinosaur fauna including
Iguanodon and Baryonyx. Sedimentary sequence of the Upper Wealden Qay indicates a change
from a lacugrine/ lagoond to a fluvial/ mudplain environment (Ross and Gook , 1995) .

The holotype of Leurospondylus from the'  Ednonton Formation” (Brown, 1913) is a juvenile
individua , and Russdll (1931) reported the occurrence of additiona iolated plesosaurian vertebrae
provisonally referred to Leurcspondylus. The taxon itsdlf is invadid as non-diagnogic (Welles,
1962) , but the materid referred to Leuraspondylus are definitely plesosaurian. Although the type
gecimen could be from a marine sratum { Drumheller Marine Tongue”) of the Horseshoe Canyon
Formation (Brinkman and Eberth, 1987) , referred gpecimens are asociated with terregtria biota,
freshwater bivaves, plants, but not with marine fosdls. Al , the gratum thet yielded the referred
gecimens has channd-like gructure , suggegting a fluwviad environment (Russll , 1931) .

There are groning number of records of Audralian plesosauriansfrom norrmarine environments
(Cruickshank , 1997) , dthough published materids are very fragmentary. Bartholomai (1966) firg
reported the occurrence of Leptocle dus-like pledosaurian remains from the freshwater sediments at
Mt. Morgan in Queendand. Molnar (1991:p. 633) dated the age of this materid as the Early
Jurasic and d moted its dmilarity to B. youngi. Rich et d. (1989: Fg. 3) recorded
plesosaurian rib and teeth from the flwidile sediments of the Lower Cretaceous Otway and
Srzeecki Qoups of outhern Victoria. Schroeder (in preparation) is describing a new gpecimen of
Leptocleidus with skull from the Lower Cretaceous of Goober Peddy of Wedern Audrdia.

B. youngi is mot the only Chinese plesosaur from the freshwater sediments. Y.
chengjiangensis was described based on an inconplete skeleton that was disoovered in sandy shae of
the upper part of the Xintiangou Formation of the Middle Jurassc. Taxoromic gatusdf this gpecimen
needs a re-examination , but nevertheless the pledosaurian foss! isfrom continental deposts. Other
plesosaurian fosdls ( Sinoplicsaurus weiyuanensis Young 1944 , S. fustiensis Hou et d. 1975) are
very fragmentary and gpparently non-diagnogtic , but they a9 suggest the presence of plesosaurian
remains in nmon-marine Meozic sediments of China.

The dgnificance of the occurrence of B. youngi is that it is from a ddinitey ronmarine
environment. In addition to the paleogeogrgphic postion , the freshwater bivalves and abundance of
plant fossls corfirm its terrestrid origin (see the Geologica Background above) . Early or Middle
Jurassc age of the gpecimen indicates that plesosaurians inhabited freshwater environment early in
their hisory. Wide geogrgphicd and chrorological digributions of pledosaurian fossls from ronr
marine sediments grongy suggest that further discovery of plesosaurians is expected from nonmearine
sdiments of the Jurasic and Cretaceous of various parts of the world.

In addition to Leptocle dus superstes , two other Leptocdleidus gpecies, Suth African L. capensis
(Cruickshank , 1997) and Audrdian L. demai (Cruickshank and Long, 1997) are from inshore
depodts. Two nore Leptodeidus gpecimens are currently under sudy and expected to dgve nore
details of anatony. One is dorementioned Schroeder’ s Augtralian gpecimen , and the other isawdl-
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preserved gpecimen tentatively identified as Leptocleidus , from the Lower Cretaceous of Alberta,
Canada (Druckenmiller , persona communication) . Andrews (1922a) roted the relatively primitive
nature of the Endish Leptodleidus and suggested that the freshwater-environment might have served
asrefuga, and that later short-necked polyootylid plesosaurs are descendants that re-adgpted to
marine environment. A close reationship between Leptocleidus and the Rolyootylidae was refuted in
the recent cladigic andyds (O’ Kede, 2001) . However , it is an intereging fact that mgjority of
the known freshrwater plesosaurians have dfinity of Leptodidus or rhomaeosaurids, and the
described ecimens of the three Leptodeidus ecies are from near shore environment of the Lower
Cretaceous, not the open-marine that is nore comnon for plesosaurians.

Available evidences are tantalizingy insuficient to determine taxonomic compodtion of those
freshwater plesosaurians. It is unknown if the plesosaurian fosdls from various depostiond
environments indicate that pledosaurians of different taxa or orntogenetic gages lived in different
environments, or if plesosaurians could travel between different environments, for exanple, as
seand or reproductive behavior. Needless to say , further research is necessary for plesosaurians
from freshwater and indhore sdiments. The Zliujing Formation and other Mezic normarine
depodtsin China have a great potentia to produce nore plesosaurian meterias.

6 ncusons

Although Bishanoplicsaurus youngi Dong, 1980 is represented by a young individud , it is
oond dered taxonomically valid because of the presence of the uniquely hifurcated sacral rib and ome
other skeletd features. The latter , however , may be dfected by intragecific variation.

Phylogentic rdationshipsof B. youngi with other plesosaurians remain uncertain because of
the ghort of cranid characters. There are only afew pogtcrania characters that are used to diagnose
plesosaurian families and available to B. youngi , but they are not sufficient to determine familia
dfinity of the taxon. Although the taxon has unique combination of characters unknown to other
plesosaurians, it sufersfrom the overwhelming number of mising characters. It is gpparent that we
need a disoovery of better goecimens.

There are growing number of plesosaurian fosdlsfrom freshwater and inshore sediments around
the world dthough they are often poorly preserved. These freshwater pledosaurian bearing sediments
dratigrgphicaly range from the Lower or Midd e Jurassc to the Upper Cretaceous, indicating a wide
digribution of pledosaurians in such a emvironment. S far nos of those pledosaurians are
Leptocdleidus or have rhomdeosaurid dfinity of the Fiosauroidea. It is expected that further
explorations to the Zliujing Formation of Chinawould produce nore plesosaurians that will certainly
offer better evidences to answver paleohiologica and phylogenetica quegtions on pledosaurians from
freshwater environment.
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