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TEE .0 TSR RY Gt I T H R G, St e a3+ 50 &R, #sr
BB AN [GE % e Tonganosaurus hei gen. et sp. nov. , 8% g B AT 25 b 1SS 0 4 . 300
HEANIC  FERTHE & B MM R, A 0 0. 80 25 Rl i, 3 4 Tt B A Ui i SIS 1
B HEE HBUR SRR ES B AR B R R, AR PIANE A R RE | SRR S 2 32
FRILTARD 28 50 ik A WS 3 5k B TR B 2 e ], PR T 27 e L IR
SR AL MRS (R R s, ELAHA S R 2 | TR, 308 22 oAb A ARk 9 2 BR8] 1 R e X R
2 ) R G ALY A AR L,

RGO B, AR 35T T TS TR

REESZEE.Q915.864 HAFRIRAE.A  XEHES.1000-3118(2010)03-0185-18

O 1|t DX AR 2 T )2 e A A BT R A 2 R (RIS, 19835 falfRfk, 1984 2%
%5,1997, 1998a; BREHME it 53,2001) , fUAE A SR Ll DR & B 1 %570 A T 25 2
AJEFH(HRZEZ 1988 5 (i {FEA%SE, 1988 5 S2OGHRAE,2005) o SR, Pk 2 HH: A hi 0 2 2% e
A A B H R IR, EIJFE LR R R IE Zizhongosaurus (AL IS5
1983) FH By Gongxianosaurus ({5 %55 ,1998) P&

2007 4, JCHR BT 100 PR AR 4 A AR S iy 2 R, X0 10 )1 4 25 3L L i 22 B Y R e
A AT T B R, AT T — AU MRS e A B RL LR 2y 20 AN AE SR
(A 0 J 5 R0 i I 20 TR I s i | 56 R I 20 A Ak iy e B Wi B e B A T i, DA
TR 10 O HERR 2 WA B0 E BOTVE S5, ST APRERAE TRl — A Ml i, 457
PE A A, HIRL ], FAT TR Bk 22 p4 B T R — A Wb B A A 1 A ] 767
R A1t J2 50 T 4038 B, LA K5 1 2 20 J7 SR R B EL , A 7= b G 12 S22 10 A
TREGEaE 1D B, A AL R b B e AR SCRE R A X — 1Y BT 14 b 2
B, IS — R {n] Q38 22 e Tonganosaurus hei gen. et sp. nov. . FTATEHE &L
A BT e — 20 1 RO 2 G 0 v Y e DX D 2 R e Y

1) EZKALRRAELTH (4540572016 ) 72,
s H 3 .2010-02-08
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1 RGHNE

178 B Saurischia Seeley, 1888
i 2 I B Sauropodomorpha Huene, 1932
B A% E B Sauropoda Marsh, 1878
5172 %# Mamenchisauridae Young & Chao, 1972
BLEE(FHE) Tonganosaurus gen. nov.

BAE WS AR BRHE

BEF  GEL IR HiFl) Tonganosaurus hei gen. et sp. nov. .

IR Tongan, RU#ZE, A7 AT B DR & D )11 48 23 BB Gd 2240 s 7 Hf e
ARE R UKL E, “saurus” (AN 48 “ W57, A4 “he” I T N F 24 e b 5%
Folk B fERr e

{ATERI@ R & Tonganosaurus hei gen. et sp. nov.
(E1-7)

FRAE 7 AHER 75 00 0 [T , (H b a] JCR@ b, 25 Ha T o, SiEdn i, s 5
W AR HT R, S R A A A MCIR S I A i X R R BB A R
RS (U1 JE S XML R R M LM TR | s 5 0 i AR LSV S R
25, WAL BIR 0. 80, JhE ELMTHLA: A BN B 19 0.75, —MBERE . BEHm
HLH: SRR R E

ERIRRA  — HASK IS M2 AR e A AR ) B 2R . AR AR ORAT T AR TR 2
Y B ABIC S . MCDUT 14454,

FEMIEEA )AL, T RB Sas T 141(),,) .

FRAHER e O R A AR e B R AR S B R K B S R 11,6 m, O
AR EE R 12 m, SEACERRA DT,

FHE MR 5 ABUHE 6 ANTFHE 8 A RBAMER 3 NEHUA I MM 2, Horpogsk
(A — AU — T HEFN A RS, A I 450l L6 1,

HHE(E 1, 2A-E) ;. AXHELRAE T RIS, BUSCT 1 T LS B A 5 R ol 2
Btk RESCTT TN A R ML R B — AR S, U 2 A H S BT M IR s L AR SiME
(RAETEHE MERAIK | J5 M HEA S8 RV = 2,94, JBKFHERL, HEMAMINI R F , 5 1)
AT R ABIARE, 20 5 A 2 B | i Z0BiAT Jo 1, MR o637 28 1 ME AR sl 8
TR = STMELF AN —RFAE , 55 01| 3 P A S50 AR 2K 0 5 fe AR B,

1) ARSCNSH R KFoRMER KR, Feikah R=MEP K [ R i 98) /2] , 5CRE LB AT L HERR 1 Tt b
ASTE 2% , LU K
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®1 ARERE (HE. ) MHEENE

Table 1 Measurements of vertebrae of Tonganosaurus hei gen. et sp. nov. (mm)

LC HV WC MH R LC HV WC MH R

Ce.2 40 Ca. 1 88 153 166 0.55

Ce.3 168 56 58 105 2.94 Ca.2 90 170 150 0.56

Ce. 4 55 60 Ca.3 89 152 140 410 0.61

Ce.5 65 74 Ca. 4 90 150 140 0.62

Ce. 17 147 130 112 1.21 Ca.5 97 115 127 305 0.80

Ca.6 100 120 111 0.86

D.2 140 143 133 380 1.01 Ca.7 106 117 100 0.97

D.4 118 121 155 0.85 Ca.8 110 96 80 1.28
D.8 126 142 166 0.76
D.9 114 146 170 0.72
D. 10 110 163 162 0.67
D.11 110 155 160 0.69

Note: Ce. cervical FHE;D. dorsal ¥HE; Ca. caudal FBHE;LC. length of centrum MEFALE ; HV. height of centrum HE{A
JE T 3 WC. width of centrum HE{K S5 %8 ; MH. maximal height of vertebra HE/A 427 ; R. parameter of centrum HEIKS %L,

BT ] ol 22 e & JBdt ) 4 S
Fig.1 Cervicals of Tonganosaurus hei gen. et sp. nov.
A. HEHEZEMIAR axis in left side view; B=D. &5 =i the 3™ cervical: B. ZEAMAN in left side view, C.
L in bottom view, D. 4 in top view; E-F. ZEVUZFiME the 4™ cervical: E. ZEMAT in left side view, F.
JA M in caudal view; G. H5HFHMEL MR the 5" cervical in left side view; H. 1L FHMHEA MR the

17" cervical in left side view

A7 1ULBH Abbreviations: di. diapophysis lamina f 247 ;pa. parapophysis %€ ;pl. pleurocoel ] [U1;
poz. postzygapophysis J&7 )T 5 ;prz. prezygapophysis Hij ¢ 5 58

HRE T AR EIME , 55— D SRR AR At 92 O BRI A Wi, M2 5 78w R
BABCR SITE I . T AR RS T AR R A DL, A0 Jox 30 22 e f) e S —
ANEIHE

FHECIE 2F-L, 3) : 5 " HEORAF e R Ja MIAIEGR . MR T, Has i, R
fE THEARTSCW IR Lk, R RMEE , mas e, R RmEMRE, FRTEL
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20 cm

AL RN

10 cm

10 cm“ﬂn{ ! | 10 cm*

K2 ] (il 22 Je ()@ B ) IERARAS (MCDUT 14454 )
Fig.2 Tonganosaurus hei gen. et sp. nov. (MCDUT 14454, Holotype)

HMEZEMIAR cervicals in left side views: A. HXHE axis, B. %5 =Fi#fk the 3" cervical, C. & PUZiHE
the 4 cervical, D. 55 LM the 5™ cervical, E. %1“4:%‘?1@ the 17" cerv1cal F-G. ’;ﬁ*”“?& the 2™
dorsal: F. ZEWJ M AL in left side view, G. HiAL in anterior view; H-]J. *EE@'J M dorsals in right side
views: H. % DUFSHE the 4" dorsal, 1. 5 /\35HiE the 8" dorsal, J. %ﬂﬁﬁ? the 9" dorsal; K-L. ##EZE
AR dorsals in left side views: K. 25135 #E the 10™ dorsal, L. Bt —35HE the 11™ dorsal; M, N, P,
R-T. JEHEA ML caudals in right side views: M. S — FEME the 17 caudal, N. 58— FEHE the o caudal, P.
5 DU B ME the 4" caudal, R. i EBHE the 6™ caudal , S. 5L BHE the 7" caudal, T. 55 )\ BHE the 8™ cau-
dal; O, Q. FEBHEZEMIA caudals in left side views: O. &5 = EBHE the 3™ caudal, Q. 5 B HME the 5™ caudal

T8I 5%15LHA Abbreviation ; sp. neural spine M, HATRIFZILIE 1 for other abbreviations see Fig. 1
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AR IR R AT 5 ST S Hp L0 e 22 B 0 320, 33k — SRR M (0 o 22
EAATERRITETEBCIR . IeAh, AR 2T 7 i rh N R AL Bk K T A SRR T, BT
T HR R — B ] /PRI (T 2G, 3B, WU TAD H S 1] 4 R U, P 22 B ) S T
RELRE A58 5 ) PR 74 - S fef , S 38 8 M2 K, S 10 R ¥ B = A . T Jm SR SR B M ALK
HEAHIBCIR MU A TS AT AT R SRR R L R T s A K

K3 [ 2 e (B Jm B ) /Y A
Fig.3 Dorsals of Tonganosaurus het gen. et sp. nov.
A-C. 25— F5ME the 2™ dorsal: A. ZEDUAL in left side view, B. BifA in anterior view, C. ¥ in top
view; D-F. ZEUTFHE the 4" dorsal: D. Hi#H in anterior view, E. A in right side view, F. &4 in
bottom view; G. 25 /\FFHEA AL the 8" dorsal in right side view; H. 5B I HEA DA the 9™ dorsal in
right side view; 1. 2535 HEZ AR the 10" dorsal in left side view; J-K. %51—F5HE the 11" dorsal; J.
AW in anterior view, K. ZEfIAH in left side view
fAI7 1B Abbreviation: n. c. neural canal FHZfL; HARIF WA 1, 2 for other abbreviations see Fig. 1 and 2

BF T E A i (MR Al M (MY e A XM B S ST AT . AT TS
TR R AR 0 2 25 T MERAS 5 w8 T HE B M A I PR A i T S 1Y T i AR A P 48
Ko 7350 A A TR G, HAR OB SR . A 25w 2 s w28 )8 /I i JEOR A
ARAS AR, o 1 (L L2 P R

FHECK 2M-T, 4) : GRAFSERRIPIANEMER 2R = SR TR ME, iwl R ME R XM B
HERS TR GRS BIE | BRI 0Tl L, MECR Aol , AN 7 00 1M A 2R o7
THEMRRY EERILG 1 e Wi gE . AR TRIOCTT R T L%, MaEsk, w5
KGN ZEAR 1] T LA 29 30 mm , Fi OGS 55 M A 1] AT AR I JHEAROR Bl
SEAS RIS R 2R, P AR S PR O T RS R R — ANl AL R, P
ANJE SR Z [ T D) i A2 e 3 et R ) PR D AR — M A R T
HEAAS LB v e R8T, s B S AR AT 2% v R R A A TS R BOBRCIR, BRI IR
i TS VA BTG o A A0 o 2 ot T AELRES , T8 P O R S LU TS E R S B SR, T e e
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A /N TG T T 8, PP i 78 R Ml 0L 1M1 28 A (R 5 2 i 9 SR e B R AR 4 6 4 i 78
NSRRI M AR R R SRR

25 cm

K4 ] I 2 e (R B ) i R
Fig.4 Caudals of Tonganosaurus hei gen. et sp. nov.
A-B. ZF—JEME the 1" caudal;: A. J5#¥ in caudal view, B. ZEMIAR in left side view; C-D. %5 —JE#HE the
2™ caudal: C. J5# in caudal view, D. A in right side view; E-F. = B ME the 3" caudal . E. BifL
in anterior view, F. ZEfIIAR in left side view; G-H. 55U EHE the 4™ caudal. G. FJAL in anterior view, H.
A AR in right side view; [-L. 55 REME the 5™ caudal: 1. Hi#L in anterior view, J. FAR in right side
view, K. JEHH in bottom view, L. F541 in top view; M=N. Z75JEHE the 6" caudal; M. Hi4R in anterior
view, N. F7#% in right side view; O-P. b BBHE the 7" caudal: O. TP in anterior view, P. AL
in right side view; Q-R. %5 /\JBHE the 8" caudal: Q. Fi#H in anterior view, R. FflIFA in right side view
81715887 Abbreviation: e. f.s. end face of neural spine 22 s T AR LR 1-3
for other abbreviations see Figs. 1-3

JA A BT A A JE I | S e BT e R R AR, LA IR A A B R A2
JE I v ZEAR l_lﬂﬁﬂ]ZEF\ BT, R T S I N LR 2

JAHE (S, 6): JAIE R EN T ReE KRS Z 0], T am 20 e sl — Fstk,
KT R K i —F, Irhme b g, FIGIE ., S (K 5C) £ —
ST, R B0 LB DG AR , A 2 A/ MW MR ERZE o 18 I R i
SRR ZE A T vty AT 5 | H — 4% 12 (B REL UG, Ot L 0R% 22E fof 38) 30 i T U 9 JR AL, T R AR B T
SO =) =g = Y TR VNI | R AT v R N I ] S/ (1D i IR e AT R = i
05 e AR R T S B, AN ™, NS U], BT RN b 2k de i, N, B RAN T
M, BRI S8 R EERN 0.4 £%, AMm (K SD) K, AMMYAT KK EA%E T
WE LR . FEJE FIES SVl MG Z A — BRI MY . AL 2, 2 EDE , FL A )
BEEMD, MEsk, 2KWE, FFemKRTAAT, ETF&ENZA, hfsamd, &k
JE TR 1™, 5 TR S T 9 T P A — KRR 0 % B T 0 % St B TOHR:
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x2 MRERE(HE. FH) BES EEREHNE

Table 2 Measurements of pectoral and pelvic girdles, limbs and pes of Tonganosaurus hei

gen. et sp. nov. (mm)

TL wpP TP WD TD MWD TL/humerus
JE MR scapula (r) 760 379 117 215 30 152 1.21
k8 humerus (1) 628 283 98 204 124 96 1
e radius (r) 498 119 76 112 77 61 0.79
R ulna (1) 520 165 126 63 101 72 0.61

TL/femur
AeE ischium (1) 573 278 80 97 95 64 0.67
AeE ischium (1) 570 310 85 110 105 51 0. 68
B femur (1) 840 300 122 256 206 147 1
& tibia (1) 562 226 135 169 120 38 0.67
MEE fibula (r) 566 127 61 123 81 47 0.67

P E metatarsal (r—1) 109 59 66 66 39 44
BAH metatarsal (r-2) 166 80 60 67 60 38
iE metatarsal (r=3) 153 54 65 58 45 33
I H metatarsal (r-5) 125 108 32 43 36 33
JCE claw (r=1) 170 50 74

anteroposterior width 208 superoinferior width 344
5 15%F coracoid ()

maximum thickness 126 diameter of coracoid foramen 40
M sternum (r) anteroposterior width 300 width of right-and-left 195

Note: TL. total length 21 ; WP. width of proximal end 3T iy v B ;TP. thickness of proximal end VT JEL R s WD. width
of distal end FL¥i 5% % ; TD. thickness of distal end ZZ¥iH/E E ; MWD, minimum width of shaft & T H¢ /N5 & ;. right A
51, Teft ZEMIAY

W BRI A K iy 0. 75, B PRI E MR . =Mk E, I
IS ZUA R, S — FIR B ORSE BE O E EBERY 0. 45, /v TEDHELRE 30 S i 000 ) B JUL I e
BTN Ja T MRS RS . gy R 2 (E AR AN ol i 2, L9 8 O B /N BE
FRPAR , JzE i o T R 5 WHLA , PR FR MR, AU R 1174 A A2

BERCE BB, K 0.79, T i LU s i 3%, ORGSR 29 i+

e/ INGEFE R PIAR o 2 S S PR 1 S T BRIE | ™ o L T SRV R = AR R TR
KRR A . OB IR AR 0.82, & TRk s HLAL, 3 i o AL =M i
RIEEE T /N 2,30, IRATE 3L sm A AMIUAS Sy — [T, AN MR, S M
I RERAR S TN S S IR NGB, B TR AN, N TR e P
G R4 R i T S A B v T AL

At K SRR T A B R 6 e B W 2e A A B B AR A R A
I, ]I W, VAUTCE T, LASZE Ber 030 s M s 2 -, 004 508l e 2.

H(E6, 7). imy R E , HIEE A B KR 0. 54, ML iﬂﬁ?ﬁ%fﬁﬂﬁ
ﬂéﬂ’t’“Y”?ﬁ/o ik SR -5 B R A AR i R =M R A RERAE, | 9&'3
[t 9& Z 18] R BE T8 I R ko, A B 2140, E%kﬂ@wﬁﬂﬁﬁmmf;ﬂ’ao.n,
RO N Y . 7oA B N2 AR | B e AR i B o = e
Jer s B , 3 AR K 1] PO 8 25 ke, B — WA S i T A REL RS ) KA [
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€X.Co in.co

5 faT PRod 2 e (e B ) B K i
Fig.5 The pectoral girdle and forelimb of Tonganosaurus het gen. et sp. nov.
A-B. £ BH A ML the right pectoral girdle in right side views: A. J§ Y scapula, B. 2 coracoid;
C. J& M E V%A scapula in proximal end view; D. 1B H A8 PIA scapular surface of coracoid; E. fi
‘H sternum; E—-1. H7 in anterior view, E-2. J5f{ in caudal view; F-H. £ & right humerus; F. liny
W in proximal end view, G. ZE3%HM in distal end view, H. HiHL in anterior view; 1-K. FHH4H right radi-
us: I. B in anterior view, J. PII#R in inside view, K. iZ¥ifH in distal end view: L-N. £ ])UF right
ulna; L. AT in anterior view, M. IT¥ifi in proximal end view, N. ZE¥iH# in distal end view
18 71 Abbreviations: co. f. coracoid foramen 5 FL;d. c. deltopectoral crest jﬁ]ﬂlﬁ,
ex. co. exocondyle #ME;in. co. innercondyle PR

Bo BN AT, BEIR, E P RMBE SR 0. 14, AT BeE H EFRE M, g A
N AMERZE ] IO T BRIBIAESR , 20 70 mm,

J BRI ™ R 2 ST O B T iR /NS Y 2. 50, IR B R A H . i
W Bl 5K, S R T g AR, G R S B e /N SE AN 2. 00, B T RIS R, P92 R R A
IV, NGB0, A G B s e DT b AR M e A R e KB RY 0. 67,

JHEE < R PO B 7 A 0 3 T 5, S MR TR S M B | JHG 38 8 Oy B /N BE Y
2.70 AR TN SESE 9 —F i Y5 TSR N B T RN SR 2. 61, BT INAMIU
B, RGN SMUGLIM R RS, Bk N S, BT S R S
BRI =8 . M KB BEKER 0. 67,

JE B B TR B 1 S 0 LR 1. 65, s 1A A T B REE B IR
A RN . R SR MARL, AT 20, B S s s A LA 0508 2. 51
M2.35, i Y i S RIE . B TR, hil A e, Bl v e
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in.co  €x.co

20 cm

Ko i [l 22 Je (i@ Hiff) IERARA (MCDUT 14454)
Fig. 6  Tonganosaurus hei gen. et sp. nov. (MCDUT 14454, Holotype)

A. HJEME A MAL right scapula in right side view; B. #7188 4 MIFL right coracoid in right side view;
C. FME W right sternum in top view; D. £ B J5 P right femur in caudal view; E. 45 JJEH HIHR right
humerus in anterior view; F. £ JUE JGH right ulna in caudal view; G. A H&E J5 1 right radius in caudal
view; H. £ 25 J5 P4 right tibia in caudal view; 1. f7HEE 5 right fibula in caudal view; J. Z2A8H
MR Teft ischium in left side view; K. A48 E A MIAA right ischium in right side view; L-0. A&, 1I,

I, VIS right metatarsals I, I, Tl and V in dorsal views; P. 45J\ I f#A right claw I in lateral view
fAIF U Abbreviation; 4. tr. fourth trochanter 55 P15 ; HAAIZULIE 5 for other abbreviations see Fig. 5

W o A RESRAN, e A SR VAR EERY 0. 86 , I s 1 il Hh AT — AU 1R T A AT AE
RIS R o B T E/NSEAC G 9B 0,30, A T8 T R b, mombs i &, B
V EECRURE B TCR T 2 2 ST N M S S M — S AR 3 i
SMUTT 7 S8R, LR AL, TR, TR A AL .
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K7 AT % e CHr s SRt ) BIREAT 5 RS B
Fig.7 Pelvic girdle, hindlimb and pes of Tonganosaurus het gen. et sp. nov.
A-C. H1%E right femur: A. PEEAR in proximal end view, B. JG#H in caudal view, C. ¥R in distal
end view; D-F. A HEE right fibula; D. ¥T%iM in proximal end view, E. Rl in anterior view, F. IG¥
M in distal end view; G-H. fZE right tibia: G. JE P in caudal view, H. JL¥i#H in distal end view;
I-K. Z2264 left ischium: 1. ¥T¥H#0 in proximal end view, J. ZEAR in left side view, K. #Ei#R in distal
end view; L. 545 H A MIAL right ischium in right side view; M. 758 E 75 L5 right metatarsal in
top and proximal end view, a—d. Me. I, I, Il and V respectively; N. FOTCE T 30 An L right claw
I in dorsal and lateral views
T8 7B Abbreviations: ac. acetabulum #F ;ili. p- ilium peduncle REER ;pub. p. pubic peduncle HikE
58, AR ZULIE 5,6 for other abbreviations see Fig. 5 and 6

2 W 5iHe
R I8 % e 5 FE N RIS RUE 1 FE TS  BIFE RN R R oK kT,

2.1 Sp@=FtuHEHtE

it = B tH A 17 JE 2 ('sauropodomorpha ) 22 J& LB 12 ( Yates, 2003 ), #HiEI2R{ A —
1, M £ F %8 E A& JL 8 Nam Phong 4 19t 2% J& Isanosaurus ( Buffetaut et al., 2000,
2002) . BHARIEIE T IRIRMTESE DO T 18 22 e A Re U SUHEME AT F HERI 22 5 5 il
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LR KR T LA, A TS KIEZR 0. 34, i 5 A KR 0.29, RE K,
SRR SN KINAR 2 STE ., L e M BTHEHER A FRHEM 28 5 0%, $l 2B 22
A GER TR, MEB A4 i L D AR Je S5 A, JBe B i 28 DU A% 1Y & 1, (B A e e
ORI, A ST PRI, — 38 IXHIHR

2.2 5BRGZHEIHIEMNEEE

FENE AT AR RS R WA 3 & ™ T oW e Kunmingosaurus , 7
F I BYEEE TP Gongxianosaurus RV WP B Zizhongosaurus .

ELWE (Young, 1940; 2545 ,1998b; Jr e R 2= ¥t , 2008 ) 5 i 4 Jg W] i ANREIH T 7]
— 28 SR PRI ¢ B B e %) SR RN UM A B, T MEME AT I, SR A S8 R AN R E, Bk
B =AEANRE ., BEEIE (M5, 1998 ) 53 22 e AN [R] 4 13 F A < A 1A 9 0 I )
4T, A HE R AR A4 18 AN B, SOME T 1M1 A, R 6 15 B R 2 0N WO JR K BE Y
0.70 ~0.75, SBRE I BAL, BFH e B HETCO U, 75 MEp 20 AR, R kAR R,
WEEB = MBEANREE . WL Z 0 B RE SR AR MR & & &, I HAR
RMTE S 2 BUHE IS VR RS IRCEE R 0. 80, BBk k& LB =MERE, LIl
HHIRZ, %7 XX ), w25 B e B e Mgt b e A s TR 25,

124 Rk, AN AR R A RS A SR e I 6 J& L HE A 5 1y Kl e
Vulcanodon (Raath, 1972) , E[1 & pd #FF 5 2H ( Kota Formation ) B9 B $7 A JE Barapasaurus
(Jain et al., 1975, 1979) F1RE ¢ Kotasaurus ( Gillette, 2003 ), EJEERG#E Upper Dharma-
ram 2 B SEWIASL A I8 Lamplughsaura (Kutty et al., 2007 ) , AEPNEEE B BYIE4RIA T Tazou-
dasaurus (Ronan et al., 2004 ) FI{E [ 1) BX i & & Ohmdenosaurus ( Wild, 1978 ; Gillette,
2003) .

[ 1 LR 2 b A A 2 M 55 38 <2 R X0 B R 5y« KL A D ) A dste = 0 1M
B AT AN 5 L RLMA I ) SAREAR AL, B 0B S5 2T 20 s 08 30 i RO S )™ JRE R A 55, R
B HOSE A R e 0 MESS A (a7 5, B P AT FHL O B RS 2 5 SRIHA R0
R MR, 57 =BT A = FUAC 1. 65, TR IR 30 o 5 Jre s A 47 R A B8 00 25 Wi T e
A BE Y 0. 74, LB s A BREE , Wh i =08 FIBC B A 50 MO 56 15 A 24 A 7 5 BB AR 38 T 3
MERTFFHERI PR 2 5 i S HER S5 i, O ELMECR T O 1M1, 4o 28 0% | 5 ME A 1) 5 1) ST HE 458
o, Pz e J5 R AR 2R, 5 T R, E A AN B R BE Y 0. 65 5 BRARRE: T (1 77 HiT A
TR A B MM i HRE 2240

2.3 5EERH-BGT HEER LR

o ] ) PR 2 T ) A 2K 2 e A 2 B, DU T A 6 R JLal Je Protognathosaurus
(5KZ285%%,1988) , %) ¥ Shunosaurus (EALHSE,1983) , PGI¢ Datousaurus ( FEAZHH IR I
1984) , KIWEI Dashanpusaurus (56HREE ,2005) , 7516 Abrosaurus (BKBHFE 1989 ) Ak
JE I Omeisaurus (Young, 1939, 1958 ; fAl{F4¢55 1988 ; /&% ,2001) ; = iIX A 3 J& .
&)W Shunosaurus (FFINTE 5K INAE 2004 ) , Nt Chuanjiesaurus ( J5 e LA 2004) AT
W Yuanmousaurus ( B Ei55E 2005) ; #r3EA 3 J& . Y9 Bellusaurus ( FEALHH ,1990) , 8
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1L e Klamelisaurus (#4E-3F,1993) F1Hi{A )¢ Lapparentosaurus ( Farida et al., 2005) ,

JEARU e A% g 5 T8 EFE Cetiosauridae Lydekker, 1888, iZAHAYBMIE A « SHAEME(A KT
THERR 2 TR B 0 I i 5 R L 9/ AR 0. 67 P e K LUl e Fn 55 e 15
FIRT AR Camarasauridae Cope, 1877, 1ZFHHIBMIE by . SMEME RS, 5 0 250HE A RT 51
HERY Sl 220053 S BT FREMERT M, F T30 4 e A SUHEAE AR 4 FERTHE & 300 1M A6 A 1Y
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BRI TEAR SR T FERTORTT 5 I HA — 2B AR

] P B R 25 B b I S o0 AR 8 R B, 36 6 J& L DU R &8 Daanosaurus (1 55
8, 2005) , VUII = Fd H R FUHT 3555 Mo i) 55 1R JE Mamenchisaurus ( Young, 1954 ; #%%)
i X = JE,1972; Russell and Zheng, 1993 ; 254 #XFFHL 1997, 5KZE72596 1998 ; T IEH#HT
45,2003 ; BRPHFE MBS 2001 ; RIS 2004 ) , #rEm ) K 1L g Tienshanosaurus ( Young,
1937) M¢J¢ Hudiesaurus (Dong, 1997) , IIZRAELE ¥ Euhelopus (Wiman, 1929) , DA H
BT SR 5508 JE Chiayusaurus . K2 T 538 2 T A R) (8 R 1 3R B « DR 22 e 1) AR A
B TCNR U FEHER 2 FL EAGIE . D118 e 20 A 2K | B I D) 3 2 e 1
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2.4 5EMH-OGTHEIER LR

FE] 4 b — Bk 22 () i I 24 0% ( Mclntosh, 1990 ; Upchurch, 1995, 1998 ; Wilson and
Sereno, 1998 ; Myers and Fiorillo, 2009) FJIHFU1F 5 B}, gl Cetiosauridae, [F T EE}
Camarasauridae , B2 5} Diplodocidae, Wi )} Brachiosauridae F1E JEF} Titanosauridae .
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A NEW SAUROPOD FROM THE LOWER JURASSIC OF
HUILI, SICHUAN, CHINA

LI Kui YANG Chun-Yan LIU Jian WANG Zheng-Xin
(Museum of Chengdu University of Technology Chengdu 610059 1ikui9988@ sina. com. cn)

Key words Huili, Sichuan; Early Jurassic; Yimen Formation; Sauropoda; Tonganosaurus

Summary

A new sauropod, Tonganosaurus hei gen. et sp. nov. from the Yimen Formation ( Lower
Jurassic) of southern Sichuan, China, is described on the basis of a collection of bones. These
fossils include about 20 vertebrae, a complete right pectoral girdle and right forelimb, the distal
end of a left scapula, a pair of complete ischia, a complete right hindlimb, the proximal and
distal ends of a left femur, right metatarsals (mt. I, II, IIl and V) , a right pedal ungual, and
ten neural spine and rib fragments. The third cervical and anterior caudals are most similar in
shape to those of the mamenchisaurid Omeisaurus (from the Middle Jurassic, Sichuan Basin) ,
and quite different from those of other sauropods. The material was therefore assigned to the
Family Mamenchisauridae Young & Chao, 1972 and a new genus and species were established.
This represents the first discovery of a sauropod in the Lower Jurassic of China since Gongxiano-
saurus was found in Sichuan Basin. The Tonganosaurus material is of great importance for un-
derstanding the phylogenetics of the early Sauropoda.
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Saurischia Seeley, 1888
Sauropodomorpha Huene, 1932
Sauropoda Marsh, 1878
Mamenchisauridae Young & Chao, 1972
Tonganosaurus gen. nov.

Diagnosis As for the type and only known species.
Type species Tonganosaurus hei sp. nov.

Tonganosaurus hei sp. nov.
(Figs. 1-7)

Etymology The generic name is from the type locality of Tonganosaurus, Tong’ an, Hui-
li, Sichuan. The specific name, het, refers to He Xinlu, who spent a lifetime in dinosaur re-
search.

Diagnosis Pleurocoels are developed in all presacral vertebrae, and the bone texture is
solid. Pleurocoels are large and deep. Cervical centra are slender. A ventral keel is present on
each cervical centrum. Posterior cervical centra have well developed laminae and cavities. Both
laminae and pleurocoels are well developed in the dorsal vertebrae. Cervical and anterior dorsal
centra are opisthocoelous, middle dorsal centra are platycoelous, posterior dorsal and anterior
caudal centra are amphicoelous. Centra lack a cancellous structure. Forelimb length is 0. 80 of
hindlimb length. Humerus is straight and robust, and deltopectoral crest is well developed. Fe-
mur is straight and robust with a well developed 4™ trochanter.

Holotype An incomplete skeleton of a long-necked sauropod (MCDUT 14454 ).

Locality and horizon The town of Tong’ an in the south of Sichuan Province, China.
The Lower Jurassic Yimen Formation.

Remarks The cervical centra are slender, with well-developed parapophyses and ventral
keels. The pleurocoels are simple in structure, each having a deep anterior part and a shallow
posterior part. The neural arches are low, and the middle part of each vertebra is constricted.
The neural arches of the posterior cervicals bear well developed laminae.

The anterior dorsal centra are opisthocoelous, and are longer than wide. The terminal sur-
face of each parapophysis is elliptical. The neural spines in this region are high and plate like,
and the parapophyseal laminae expand horizontally on both sides. The neural arches are complex,
with well-developed laminae and pleurocoels. The mid-dorsal centra are platycoelous. The poste-
rior dorsal centra are amphicoelous, and more slender than the middle and anterior dorsal centra.
Pleurocoels, laminae and cavities are developed on all dorsal centra, and the pleurocoels are sim-
ple in structure. The middle part of each dorsal centrum is strongly constricted.

The anterior caudal centra are amphicoelous, and the middle part of each centrum is con-
stricted. The width of each centrum exceeds its length, but the length is approximately equal in
each case to the height of the centrum at its midpoint. The neural arches are equivalent in
height to their centra. The plate-like neural spine is centrally positioned on the centrum and in-
clined slightly posteriorly, with a rounded terminal face. The prezygapophyses and postzy-
gapophyses are constricted and attenuated.

The forelimb to hindlimb length ratio is 0. 80, whereas the length ratios of the radius to the
humerus and of the tibia to the femur are 0.79 and 0. 67 respectively. The humerus is straight
and robust. The proximal surface is larger than the distal surface, and the deltopectoral crest is
well developed. The femur, which bears a well developed 4" trochanter, is also straight and ro-
bust, and the proximal surface exceeds the size of the distal one as in the humerus. The dia-
physis of the ischium is moderately slender, and the iliac peduncle is identical to the pubic pe-
duncle in shape and size. The proximal end of the scapula is broad and thick, whereas the
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scapular blade is narrow and thin.

Comparison and discussion Well-preserved sauropodomorph skeletons are relatively un-
common in the Late Triassic, and most of the ones that have been recovered belong to prosauro-
pods. A major exception is the primitive sauropod Isanosaurus, from the Nam Phong Formation
of Thailand ( Buffetaut et al., 2000, 2002 ). Isanosaurus has a rather short neck, and the 4"
trochanter on the femur is S-shaped. By contrast, Tonganosaurus has gracile cervical centra and
a long neck, and the 4" trochanter is low and straight.

In China, Early Jurassic sauropods are less. There are only three previously recorded gen-
era; Kunmingosaurus from Yunnan Province, and Gongxianosaurus and Zizhongosaurus from Si-
chuan Province. Kunmingosaurus lacks pleurocoels in the dorsal vertebrae and a clearly deve-
loped 4™ trochanter on the femur, while in Tonganosaurus the dorsal centra have pleurocoels
and the 4" trochanter of the femur is well developed. Gongxianosaurus and Zizhongosaurus also
lack pleurocoels, and their neural arches are without well developed diapophyseal laminae and
cavities. As a result, Tonganosaurus cannot be synonymous with any of these previously de-
scribed Early Jurassic Chinese sauropod taxa.

Well-preserved sauropod skeletons from Lower Jurassic strata outside China include speci-
mens of Vulcanodon from Zimbabwe, Barapasaurus and Kotasaurus from the Kota Formation of
India (Jain et al., 1975, 1979 Gillette, 2003 ) , Lamplughsaura (Kutty et al., 2007 ) from the
Upper Dharmaram Formation of India, Tazoudasaurus from Morocco, and Ohmdenosaurus from
Germany. These dinosaurs differ from Tonganosaurus as follows. Vulcanodon lacks pleurocoels
and has a gracile femur, in contrast to the presence of presacral pleurocoels and a robust femur
in Tonganosaurus. In Barapasaurus the humerus and femur are moderately gracile with the
proximal and distal ends about equally expanded, so that there is no particularly strong expan-
sion of the proximal end of the femur. We can distinguish Kotasaurus from Tonganosaurus on
the basis of osteological details including simple dorsal vertebrae and less expanded humerus
with slight twist at both ends. The forelimb to hindlimb length ratio is 0. 74 in Lamplughsaura ,
and in lateral view the deltopectoral crest of the humerus appears so large that its width exceeds
that of the humeral shaft. However, Tonganosaurus has a moderately long forelimb that is 0. 80
as long as the hindlimb, and the deltopectoral crest is comparatively small. Tazoudasaurus dif-
fers from Tonganosaurus in lacking pleurocoels on the dorsal centra, and the dorsal vertebrae of
the former taxon have high neural arches but low neural spines. Ohmdenosaurus differs from
Tonganosaurus in lacking pleurocoels on the cervical and dorsal vertebrae and in having a gra-
cile femur.

Sauropods from the Middle Jurassic of China are abundant. Described taxa include Protog-
nathosaurus , Shunosaurus , Datousaurus, Dashanpusaurus, Abrosaurus and Omeisaurus from Si-
chuan Province; Shunosaurus, Chuanjiesaurus and Yuanmousaurus from Yunnan Province ; and
Bellusaurus , Klamelisaurus and Lapparentosaurus from the Xinjiang Autonomous Region. Pro-
tognathosaurus and Shunosaurus are members of Cetiosauridae Lydekker, 1888. In cetiosaurids
the cervical centra are short, the dorsal centra lack pleurocoels, and the forelimb to hindlimb
length ratio is 0. 67. Datousaurus, Dashanpusaurus and Abrosaurus belong to the Camarasauri-
dae Cope, 1877. Camarasaurids also have short cervical centra, and the neural spines of the
posterior cervicals and anterior dorsals are bifurcate, whereas the anterior caudals are procoe-
lous. Omeisaurus, Yuanmousaurus and Chuanjiesaurus have several derived characteristics,
such as complex pleurocoels and the development of cancellous structure throughout the cervical
part of the column. In addition, Omeisaurus and Tonganosaurus share numerous characteristics ;
long, thin cervical vertebrae with low and long neural spines; well developed ventral keels and
parapophyses on the cervical centra; pleurocoels on the presacral centra are developed; presa-
cral centra are constricted near the midpoint; many well-developed laminae and cavities in the
neural arches of the posterior cervicals and anterior dorsals; a forelimb to hindlimb ratio of
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about 0. 80, and a robust, straight humerus and femur. However, many details of the osteology
of Omeisaurus, including complex pleurocoels of presacral centra, the cancellous bone texture
of centra, anterior caudals with high neural arch, indicate that we can not attribute Tongano-
saurus and Omeisaurus to the same genus. Bellusaurus has wide cervical centra with high neural
spines, and the anterior caudal vertebrae are procoelous. The presacral centra of Klamelisaurus
are opisthocoelous, the posterior cervical and anterior dorsal neural spines are bifurcate, and
the anterior caudals are procoelous. The architecture of the dorsal neural arches is more com-
plex in Lapparentosaurus than in Tonganosaurus.

Six genera of Late Jurassic sauropods are known from China: Daanosaurus from Sichuan
Province, Mamenchisaurus from Sichuan, Yunnan, Gansu and Xinjiang, Tienshanosaurus,
Hudiesaurus and Chiayusaurus from Xinjiang, and FEuhelopus from Shandong. The cervical cen-
tra of Daanosaurus are short. Mamenchisaurus is the most derived sauropod known from the Si-
chuan Basin, and derived characteristics that differentiate this taxon from Tonganosaurus in-
clude; complex pleurocoels, well-developed cancellous structure in all cervicals, anterior cau-
dals that are typically procoelous, and bifurcate posterior cervical and anterior dorsal neural
spines. Tienshanosaurus, Hudiesaurus, Chiayusaurus and Euhelopus are also more derived than
Tonganosaurus in that their posterior cervical and anterior dorsal neural spines are bifurcate,
and in that their anterior caudals are procoelous. In Tienshanosaurus the forelimb is also com-
paratively short.

Sauropod dinosaur remains, which have been discovered and collected from the Mid-Late
Jurassic of other countries ( McIntosh, 1990; Upchurch, 1995, 1998; Wilson and Sereno,
1998 ; Myers and Fiorillo, 2009 ), belong to five families: Cetiosauridae, Camarasauridae,
Diplodocidae, Brachiosauridae and Titanosauridae.

Features distinguishing Tonganosaurus from cetiosaurids and camarasaurids were enumera-
ted above.

In diplodocids the anterior caudals are procoelous, the forelimbs are comparatively short,
and the forelimb to hindlimb length ratio is 0. 67. By contrast, the anterior caudals of Tongano-
saurus are amphicoelous, and the forelimb to hindlimb length ratio is 0. 80.

Brachiosaurids ( Monbaron et al., 1999 ; Rauhut, 2001 ) can be easily distinguished from
Tonganosaurus on the basis of their numerous unique characteristics; for example, the forelimb
is longer than the hindlimb and the neural spines of the posterior cervical and anterior dorsal
vertebrae are bifurcated. Titanosaurids Sternfeld, 1911 differ from Tonganosaurus in typically
having procoelous anterior caudals and posteriorly inclined dorsal neural spines.

In conclusion, Tonganosaurus is different from all other sauropods currently known from
the Late Triassic to the Late Jurassic, both in China and abroad. Among the sauropods men-
tioned above, Omeisaurus from the Middle Jurassic of Sichuan is most similar to Tonganosau-
rus. The similarities are as follows: thin and long cervical vertebrae, low and long neural
spines, well developed ventral keels and parapophyses on the cervical vertebrae, well developed
pleurocoels on the presacral centra, presacral centra are constricted near the mid-point, ex-
tremely well-developed laminae and cavities in the posterior cervical and dorsal vertebrae, a
forelimb to hindlimb length ratio of 0. 80, and a straight and robust humerus and femur. How-
ever, Tonganosaurus has simply constructed presacral centra, while Omeisaurus has complex
presacral centra. Furthermore, the ratio of humeral length to femoral length in Tonganosaurus is
0.75, compared to 0. 80 in Omeisaurus. Dong and Tang (1984 ), He et al. (1988), Li
(1998a) and others have attributed Omeisaurus to the Family Mamenchisauridae Young &
Chao, 1972, so we attribute Tonganosaurus to this family as a newly established genus. This
new genus is more primitive than Omeisaurus in its characteristics.
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