H34% P39 MY il pp. 184— 201

1996 4 7 A . VERTEBRATA PALASIATICA figs. 1—2, pl.I

Tk WFES (Shantungosuchus
brachycephalus Young, 1982) BB

BEEE RHEA

(PR A AR Sl ARSI JEE 100044 g K R K % AR WA s HAES R )

BE RBEBENEMREANHE S BHE, &AXH LKL L KRS (Santungosuchus
brachycephalus Young, 1982) BT T EHricHR, HXTILHREME TEIT. HEBERMER: K
BHXESE, ML, EFARE T, S AsSlRAEEEMLNEN%, F
WG, B AN R AR, WHE LN ED R4, IBEEES RIS, EEE
JEE PR MRS A R, WA TR, ERaRSMLE 3 EZE;, T
HAMLK, RRE&aR L. b FES BMERMIBERZ I, KE—BERRE
B, HR, HESEBENEMeEm M B R IWRE (Shantungosuchus chuhsienensis) FIi,
WILZRES (Shantungosuchus hangjinensis) #7 3K, BMERINEE, EARHE LILREE
BB AL LR,

e Y R ICE SN

— 5 &

IWARES R EmE T 1961 L8, BRTEFEBEME B IWKRES (Shantungosuchus
chuhsienensis Young, 1961). F&3kILZKES (S. brachycephalus Young, 1982) DA K ¥4
IWZREE (S. hangjinensis Wu et al., 1994), \WREZBTHPHK (4, 1961) AHE—F
FTnt 382 (atoposaurid). JG ABEXHITEA WS, HEAXMNKRE SR EELHT
BB %X (Buffetaut, 1982 Clark, 1986; Buscalioni and Sanz, 1988). #rif, Wu %
(1994) UZFrEFEFEMUAESBHRAEXRRET 4N, AALEEEELS T
MM EE R EF KRB L, ENNAEES EH (Protosuchia), 5 JF # #
(Protosuchidag Clark, 1986) MIRGKXRRIL,

R NRE S R R L H . BT REEEERRAS QP EHERT v4020) &
BARIFEIAE R T RIEAT 7S, BUEn 5k ILZRESHRGA T4 Fing, HExA g
BEEHIR, MNARBFEMICAAFHY., MEREERERLE NN ELPEME, RIA
FRER (FSCHRR), KEZRF, BREMTHRMRM, URETFHERY
EREESE. SRLILRENH S BE, BRE T ALURIAEENWERE, il

W F ;19950309
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AT, £ PO ER R R L ARSRETERRFE, BEAX
H 5[] 8 o LAt o 85 26 B LU BRI T IR S 4K Hia,

R 7/ I NI T

kEVIEEE EEUGRMERGAE, FEERAEE. ERRREEW, Bx
YRR, A, BT SkE RIS . WHEEHOEARK, RAELMEIRE
AR PUEFITHRICTRR, SRTHNS A R AR, KB AR HER(EL B D.
B B AUE AR AUE KERrsRR, ol EARE R AR, A LS KAT I,

pm

FCH

A cer.vert
B %k R 8 Shantungosuchus brachycephalus V4020

A. LB B M skull, in ventral view; B. k& A1 F4&HMIHE skull and lower jaw, in lateral
views C. Z£ T4 P4 i left lower jaw, in medial view a: angular B8, AF: antorbital
fenestra BERTFL; AP: airspace within pterygoid B & M BE; bo: basioccipital F#k
H; brq: braincase ramus of quadrate 778 B9/Fi3. bs: basisphenoid B4 cer. vert:
cervical vertebrae ZMEMER, d: dentary iH; ec: ectopterygoid #M 3 F . EMF: external
mandibular fenestra FARSMfL; en: external naris #F8FL: FCH: functional choanae Ijj
gErEINBRFL; FET: foramina for eustachian tube E}\*’E‘i%‘ﬂ,; l: lacrimaliHH®; j: jugal 3@
#; m: maxilla b &1 8#; MCH: meckel’s channel ¥ [K %, pl. palatine 2 F; pm:
premaxilla §_LafiF; pt: pterygoid BH; qj: quadratojugal F¥iF, sa: surangular F§
H: sp: splenial S H
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ERF BT R A Ed 8 /N 882 Bernissartia fagesii (Buscalioni and Sanz, 1990),
JEEE LAE 2 BAFAE— B R AR 2, Xk 20 7 4 K 25 B SR B 2 b S 4 AT AT B
— REGR GBI, HEMATIRER R IR N A —HUT W, XHEAT ERE 3L S BCF i, B
BOF ¥ 523X HMCT W R Bk Y.

FaE: WESEEEERAMARE, HREAAHSRENTERZM, #i
R REBSL, MERKWE, HETFRE. SEMIEESL, S50 EES
E&THK. EEw, EWEER T ADOERMFLATES. EFEE, £ TR
B, WMAEMELRE—F (Wu et al, 1994 E3AFIE 4B), LB EEHRETAL
HIRT & RET . ERi, ERE—KERE PN AcRs. XTFRERESH,
EEESRAAETRE R FFCRMESERMME (W Clark, 1986, Fig. 14): ®ij
AT B FAE Z ARy, AR m LEE am, T
Pl E R AET S, HEY KOV T35 Mg R M EES, BEiFERKShRErE N
BARATEET O T, WUEE, 8 LSE S EEE R EZ RN T LB ARS8
KE, MEERLUARSMSLAS S, mEHENTEE. ABRENRE—HT
w, ESUEIAE PO, RERBLRES PN LTS FERBED, EEEPELS 12
ﬁ (Wu et al., 1994), BRCFHHEFELERMAEE S, KRB ZRE N —BEAD
., FEERAREL, FMmAEH. S=EOHEEa, a5 0.4cm (RiTR5 5
KAy, A 0.lem £ ). ST ERFAEHNN EHFIERLPKR—F. HEEEM
B, WE FEEFIGREREE, SIFHE = FE SRR, (B8 SRS
FOREEESY, BARESXPEFLN. EHFSHENERTY
(crocodyliformes) ', A8 ESUE SN REGII T EKRE (WHEEBRH Alligator), B
B AR G R E KM (IE #8284 Crocodylus spp.).

B MEFREVELE, BEERKLWR, T, SEEysmits —#m i
WIAREE, FRENAT LA B RS BHESLTAMNAIE. BB L0 Wi i i
M, BB, KLT Orthosuchus stormbergi FHITETL (Nash, 1975). JE %M
SMUY RS LR, SEERETENEMCERH,

Yo EBEARTE, HES S5 LRERAL, sTRBE, IE T 558, A
HREA RN, R, A REARSE. SRR EHEIERTFL B8 AZFLAL
% . XREITHE Gobiosuchus kielanae(Osmélska, 19727, 788 , RS SHERTFLUSESATE A,
XA TR |, RiSEEiERFUS 0% AHE Protosuchus richardsonis Clark,1986).

HeE: EEBRFEMNES. EWEMEHBIERMETZ. HiETHF 5 L8y
M, FAMINEE 5 LSEMYg g, THRRMETENEMERAREE. BTHEE
R E, HELEARE. ERfLE/D, HETFTHE—FRaR R, LMWL T
ALK, RTESE S P EFE Y.

T ZOrEREBMREE. HOCTHREARGE T, PHARME, BRJLFRSEEEN
WM, REMUTHMIUARETRFL. WiE LE, FEATEESEL. haangR
FGEEM R T B 2R MARRA S, 5XRILFHES (2=, 1985) FHLE L ARESHAEAME.

BE: B, iR, 5EEMEFHNEEZIOERIMNE. BAMIY EHE M
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HE WAL REGE TN, NIAR 5T A& &, XEE -2
FE R 2B, BAPE LA A CE, ENRENEW TSRS L,
—DROTEREIE P 22 PR (I Wu er al., 1994, Fig4B).

B AEARGE. BREEPE, BEinms g gais R, NEEEE, T
AR WPRET TR R gl 3R , JS 10U o i sk Bt Hh BUAE At — 28/ VR
b, IBLER LR EE(Wu er al., 1994), ? Edentosuchus wellesi(Clark, 1986), Arapripesuchus
gomesii. Uruguaysuchus terrai(Gasparini, 1971), 38 R BNA — B 8 19 15 5 SMUGEHR
s, EREEREE, ISR, ESEEZIRE, MNP, RREE
(pterygoid flange) EHKE, AIEAANNE, J5 1 HE T, sMUGRERE . BaShisLER
B XAET RN, AREMMGLZ RHE0H, XTE RIS B R — 8.

SNEE: ZEANEE R, B, HEBmA, mphEs g, FEE AR
A, EWEHRE. MR ERIHEN, E5NEv Y RASEG AP, SME
HIE RHE T LG 4. '

HAE: BRI, At E Mg, HEME LR P A -4k
BLAION b, SO EY AN RIS R A, 7R SRR AR W A SR T, TT LM =
IR P R AL, SHAMANEE s PR ASE, WRK R LA TR, B
BRI =& 2 M,

R MWEIE, BT AW ARG K~/ N oh, B, Ay 5E
. A, AR Z BRI IRGE A RIRE R, SME LB hhE, HE R YA — R
FIMFE, X USRI G5, BRI MSRS, HATHESZN. miE, XM
W, WG T, WA E 504 S, 5 s e B R FRAFL. 7 LA Ll AR S e, i U
FERTE AL R/N. BB R m ARG, JEE LS ILAERERAEZ KX,

N A RS RTER A G s 0 SRk (B 1, ERR D).

W BRETERECA BB AN, WEEA LRATE. R T 1 BREN TS,
FoME, AH—HEEFRILTAT TN E R B g, M EWia B, ABIECGE ABCE G T
HRE AR WSS TER PR A, RSN B G LA MR, MU RS R
=% bXmEET, SRR, R TEIMLM il g8,
I FEANML, T AR, R TEAMLThEN—F, B, PXREDEE
Sb, WESNEmYEATL AR, FAAMLR, BIEGY, SHENIARSPHEN—
H., AW, BEEREET P EHEATEIIL, XAECHEE Y H R0 MR, 176
v RS, R E P, W, RE a2 B R R B S A T
FrAb W B R S LRSS —3

SRR EBE T MM, B E K, BT TITEBRAT, HEAS
HTEA AR, HEmEsATEN Y, EXHE K, SEEaMHEE BX5E
BE 2 MgEE I, B REEWENDEER TS (adductor cham-
ber) MIRIZIZ.

BE: A, HEKEILPFSET FOKEN—F, BERwE e MR E — &
FWhrEAL; mE. BB FOUSTRAMUE R, e m NOEE, MR TEE
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Wi, BE ) ERERSRNTOUMUFGHT RO &8 TS, SRS U R R
fit, SHHILAREBRHHEL . BE§ ERgILEE KRR NaishFL g8 —
A, HIFRSMRE ACRYUE RS R L, AT, TSR T.

ERRE EREERAELY, EMATES R NG AT, R
JeH, HAuhgm B, BR—-R2ENZARERER, XRENTE FFSMLE L
7, BEZVHMILARBZHEL. ANAEREREESGHE TR, F-REn§EMs,. b
R ) 5 A 2 T R ORI . SR NASML R R AR BELER, KRB,

SREEH R SRR, GBIE T, SRR M, SR AR
ZAS%E, AEET G RE, AHEFanl R EHEEE R (B2, Bifle).

THE: BEkETRAET 4 AR5 HE
KYEMWTHE, % 4 DM S T A
Bk, oS —HURARHE, MXHERIG 553
FUH:,  JOHE 004 P 4% 4 i J A0 19 35 R 1Y
1, 5 RXCHEAE O T R R A I, AR
1 2 1) R A 2 1) S L B — X T 1) O35 1
WRIH EH A SAME, 9 Protosuchus
richardsoni FBLH L ARSI ETE L. AXHME
RS LU o E K, TR — 551 0 I e
F=0 W ASHER/NEARZ, BiHEHEARRY
Wl AR R B X BESME R ME S B2 EE
0 jem N7, TR VTR HE (AR 58 5 /1 AEMEAAR I A

S, XSRS B TR IS A B ME S
B2 $kLZRES Shantungosuchus brachyce- - X X i )
phalus k5B # postcranijl skeleton VéiOZO TR B EL, LD MR KSE ST
A. JFEEHEMAR posterior dorsal vertebrae W, HEGRZXUMBE. 54 5 A ESH A A
in lateral and slightly ventral views B. 747 REFE, XSOEHE, D9 E— B, F
P & AR right radiale in lateral views =, BEIUAHISE HERE, B SRR —
C. LA MU right coracoid in lateral e - Gggie At AERPIBUMCATERTS. KPR
Lol v Gl nd of i hamera BURIEHR 1R, B AL A S
#iBE 8 5E %, pr: proximal end of right  RAHMA, BRI KRB, R
radius 47 8¢ B HT ¥%; pu: proximal end of HAE A —RARTEA 5 NSRS
right ulna £ 3L W S A AR, AR R
0.7cm, Eb R A SIHE A TTHERY (0.4em AA) M, H AR S BT S KR
0.6cm, &K 0.7cm (AFPEEE T0UEE 51 1 28 WA o ). PP 28 B 1) W D MRS AR K,
MR BRI L&, AWAE. %S AR EHESR. /3 MM aE —HE
W, S AR, s I A B K

A - SR BN AEME TSRS, (HEAWE Notochampsa istedana
o AF 4 38 %0 (Haughton, 1924 Broom, 1927), H M4 5 &% HMHELEL A
iy . i Ea RS sMuA g, UBY M ATER —T L, BREER
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WMy, HELG8ER, HRREFEBEMSE, SAREBCFH. 8BS arsh
MR R o7, A—BERNBRER, KIERAELPHFIANELENE, ZRERE
JE AL (M. levator scapulae) HIMIE X, X —REMFLE, 1 HEE R X 2/ R EE
RA—RRHE IR NURRRE B M. B TIh & sk — /N oh, £ S%E LR
U, BRENBSEAE YR, WA LY Orthosuchus stormbergi AL, 2% H HWE
Pi-E/NEZ, KLTF Protosuchus richardsoni. O. stormbergi VA J2 Theriosuchus pusillus
(Norell and Clark, 1990) 1. HIH KA 2.5em (B HM T B L& RS
A, THIFEHR 1.2em, BELFHR 0.4em, LGB HFZENTLTTENR 0.6cm, B
BIFPLK A 1.6cm, ERIRELT N 0.26cm. LB S5HEMEREZHLENY 0.64. #
JEERFITE SR BE AR I8, AP EBiL.
AR RAERBES Ty, HPRER, MR TAR, AmHE, BRETHE

Eor, REAGEREEREE, HREEWREERT, SHEESAAM.

- AT E RES, HEm YR, AR, 5 R E A DR TE S W R
B, matt ETRAamEER, SHESETKNARN,

=, HEMTe

TEJFCR M3k INZR 8 N 8 XS E D, SR ARESEE DY) EamK, 3t
JERHR AR YT AR, Hep, A LE NS — NME TR EWA., KELE SR
(BB B #IMIZ) S (UmER TSRS EZL) HILE, SEkMMkE R0
KREZJE R PR TER, AN 0.65— 0.66 HLERFIKZ, #0055 i & B R R,
21% 0.45 (#hhfd, 1982 Wu er al., 1994), #Am, 3RS kFhkw fo & B AEVRE
WA HEITRAHME 2 B SRR B YOR . RIBIRATSHEHE G MbRA M ST, 5
SRS B TR K HBIME B MAR 20K, B LIRS P e m R AR 5E, B E
Bk 0.56 (5N 34.8mm, KN 61.8mm), XHIESE 6Lk B X SX — 4 E RS2 7R .

BT Sk B2 Ah, TR EEAS S T AR IE R E L WR? Tk FoR—FR L R85
o PLEEMRE, BAEARBHEEHAISA LR ERE? R T ORI RE
L. B, e LR B, AR AR SO R SL AL MR R ISR, ROTATRLE
T REMBEEERE, FHRE L '

HRE B AR IR IARES B 3 AR, R 1FIHB 37 NRETT B4 higd, H
(=) HRYERETE 3R EI I, () 4URIE RS AR (=) AAHER T L
FABTEAILAE,; DI (O) HERE RSk MRS BAOEE. DUTFRAITES 513X
HAFIE, FEMPEEGE LR 3ARBHER, BRI Wu er al. (1994) 31l K825 B
55, WBAE3IAFFE (—) 494 (BFAE 1. 3. 6. 15, 18, 20, 24, 26F1 35)
B, KFE 1 RAERET B R P ALXFEMILEFMHR (synapomorphy) Z—. #E 3.
6. 15. 20. 29 F1 35 il Mili R85 JEHE A W B AL (autapomorphies), FF&RH A BEIT
JE R AR SR A B BRI, HRAT 18 BN N RAEIRES R P i L AR EEF Orthosuchus 43 313K
BHBIE., XTHHE 24, MBTUE AN R Orthosuchus 2 AN LB JRE5 2K B B (9 3658
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1 EHLFE (FipiE 1982) B HARAISE

LoompgeAE, (R BT SREMERI 19, Bu 5 o o R R AT S R A B

2. B LARE A LG EA . _ 20, FEUEFR L I R MU SMUE B — K B

3. B LA A SR AMUZ K 2 MR KT LB A || 21 MUK LA T A E . A AR 2 .
Mg, 22 KR IO A T P s B E

4. JERTFLAEAE, HEUD, HIFaRHN . 23 FEALE O B AR I e A L,

5. BiRBIRAS G M B IE AT AL G . 2. KRG KRERD, NESR KK,

6. BEFNE FESAREE. AMFEER - ERAN, 25 WREGZR, REEZRATHEIML

7. PiE LA, 26 JEARE RIS X,

8. LARE BRI AR SR AR R, 27 AR AR T A,

9. BE/p, s, 2B LEER—-BENTRE,

0. ESEMREMEERTBEEAE FLNAZ. | 29 BEETIEHIMINK, 5Teim Fasm.

1L BB NIRRT h R &, 30. FHUMLE, BEIRERMBE, HKBETT

12, BEH— s, HISEERRE, MANETL. i

13. BEEEEIEL, BERERUZE, 31, 25 HERERRBUE

14. BEHNSEY BEAIET. 32 mgEA, AHRRERH=SZ 2K,

15, BB BT AMUGS S SMUZEECR B BT || 33 LAUEE S HEA, B0 HETE DR B K
FLNZAKF. 15,

16. fr baTEmE, EEMREEBR—H, BOF | 34 S5 i om0 s e U1 5 4 th — ISR .
FREPERA (ERKIMRIL). 35 RS AL T A ok B

17 SR A, %, SRR, 36. P& RGN, ARS8,

18, FEMEF BT TR R T A — b S 37 FIWEAMUEE Y B, RE—-BEARRRE,

BHORZ —. BT IR AR K — MR P ERTE X RERAH, MU EERERER
K — M ER TR A S RRRESE, WX 9 MEIE, 0 1 X FEA RIS K
RAFEEMN, FEREFRELARARNRELR LORARN, HE 8 MHEREH
fE, HhkZHOEHBNLREREIEE. ik, RE\EFEX 8 MFHE, RUHE R
LR —FILIRES,

BT (—) HARES, HE=4{Us 4 &E EWHE. ENPRRSE0EE AR
#, HREEEEEHEER. HEREEIIZE8AE Mok mifh LR85 b RiR 4 XA
HAERAH,

BRNTERMAAR () HIFEE 121 (FF1E4. 50 8. 19, 21, 23, 25,
31— 33, 36 f137), {HELBRLHARE 19 BEEMN, FAPARIEZE DA 5 A F AL
Ry —hPERARERETAEE, WHHE 4. 50 8. 31, 32 #1 37 £ E BRFHLH
Fpeb S BLYIARTE . $RIE 210 23, 25 R0 36 £ & B R BB A E, WIRHLE 33 W 7EbL 5
PIEMANTERE, AEALE, HRE 19 FIHE 18 BYILEL, Wbk, FEERER PR,
BIE, WATHEFEFEER, HECHNER Y PR -1 . ik, $1E 19 9 RIER
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SRR RE SURRIE 2 — . HRIE 4 R 37T FEC MBI s b B ME— 1. AWML
IWENMELREZBRILEHAFMBEASE. BEIESEHYh T ENEEL, FFE 4
A 37 BT AR Ry Sk A SCRRIE. ST AR RRAE P A LB FFAE, RRAE 8, 310 32
BT TEREY (Crocodylomorpha) TRy (Clark, 1986, Benton and
Clark, 1988; Wu and Chatterjee, 1993 Wu et al., 1994), Hifi, bk 54 H4FE
RATREE INARE P RN, () HAFMIRAES, 21, 25 f1 33 RS JRE5E
RIAEW, R, FFE S B TRFESS T s PR IR MR, B, LD
B0 0 0 e B LA 28 K 2 UL o A0 Sphenosuchus (Walker, 1990) Fl Dibothrosuchus
(RAH%, 1986 Wu and Chatterjee, 1993), 47 FIZ4HE M 5LH § RELE A S INTE MHE
LA % 7. RSP HFRE, Hbar 2 ME SR h 2RARKERRE,
e BRPRBEAH. - MEEEMSARH, BEERBRMPHEREAR
ferfE. HEFEA A 4 MPER I SM S HE 2 #ILRES, RIS EIIdTE R 5k
FREE SCRFE. a4h, FRAE 23 R0 36 AR AR T BoR R D U HRRRAS (LFEAE A A
3 BLAR B TR B — VIR A S v i e LU . AR, EAIHEE B R URERE. B
I EARMEr, FEEHA, kA SHERMER S X,

e EREMLAN (2) AFERE, A 140 (FHE7. 9-14, 16, 17, 26 - 28,
30 F1 34). SR H AR AL 34 BoC b T kPRI ML A BT I, HEMES AP E
AR BT AN RERR & FLPERR . 4%4E 34 e BR b B B A B, B R85 B i b g [
A0 64 U 68 S 5 A B AT AT R T B0 R . XM IE B HE R RSk R LR 2 A
FYIMRA, HE BADRETR, $E9. 107 2878 Wu er al. (1994) —3UPBHERTA
WIAREB WA B, FRAXKBRBRIFE 7. BAX 3/MHE, BXIE LM
ALARERRIEFRAN, $HE 13, 148 178 Wu er al. (1994) #iE R8T B HEETE 3
Yy h— B ZR B EEARYE, BRI RIE S — 8 SR ILARES v] DL AR 83
W H. $F0E 11 27 764 KIHE 85I sh i i SO P A b R8sk (Clark,
1986, Benton and Clark, 1988: Wu et al., 1994). #HE 7 FFEFEAET Gobiosuchus, 1E
R h R —IE AR, 4%14E 12 1 16 A AIFIJR#2R} (Protosuchidae) BY—2efpR )
HHA L (Clark, 1986). XM MHEREUAMA X LEFABERITF ISR, BIHER
FESTGA R TAER R — 00, RIFERTERHMENMNREXR FAB X, BE
FRIE 26 #1 30 R EERZBEE R R AP RN AHEERB P ARMPELSR (IE
Protosuchus, Colbert and Mook, 1951; Clark, 1986), BATEEE XY RERR T
HREREAERE.

oSk FAE BRI R () HFFE H AR (FHE 2 F122), HARHHIE 2 XFE
VR P RBREE RBAMIERAE. X —FIEEL K EZBIFEL R FHFAE. Clark
(1986) HjEMARESEFEER A ILE B MR Z —. M Wu er al. (1994) WHAN, &4
A AT e NV EBA BT B A — M GE R MR, SR X T L g e L g A —
BEl, R ZBZINEERR AT, HEAREAMA —KORERE, Sk TH
HER, ZREEMIEA LSRR ZIE, X—f el BRP R BEER. b

BB, BBA—KBHRERE (Wu e al., 1994, Figs.2A, 3A), XFEW a1 L&
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A _ AR A BB T REAE i A b B AR, TESER MR, i TR AER G ARk,
MK RGR W, AT RS a2 FE, R reRHER
THERATNA — KR ERAG L. Bk, R 2 LRSS 3 firh S RIFfE, fR4E
X—4FME, BRERDRER -ANREERRA. HADE 22 FREEV S P #T A
B, R, A FRERER TS5 2 BRI O B AR N B 0 o Sl i — IR
BRI, H AR, WTRE 22, BPEEMLE W EERE —RER T
e, T IREE PR E TR, A RS R ok B R RS R ST 3
(non—protosuchian crocodyliformes) W, ZFMEARE., EALBEMAEF (W
Alligator sinesis, MM E %, B b)), L2 W AFE WAEERESER
(non—eusuchians) fJ—¥F KR (U0 Sunosuchus junggarensis, Wu et al., in press) A
ELZARAE, EDZEA0 B B MR BB BT s, R, B DR HORAR 7] TE45TE 30
PR R R ICR R B RIE . IR BIES Y S Y 00 Ik R B B G 45 28 R BRRE 22,
L TR RS S KB R A BN A b 2 —E &R, Hit, BRELARES +,
GEAFIE A SRR BRI . AR —RE, MR LRSS A EIER R R,

LA B SLRR TR 37 NERIER 0T, AT AT FF LR M 3 AN REA TR
ZRORBER. B, BAMTUEERE-ILAE, BEABMRRARTE, HERN
TINFEREKZEEAWFEE. 12 (D) /7 BEE A ESE MK Z A RT %
BHARSIMIGZ K, (2) SUEHE RS, A —8RE; (3) Bad/h,
AR (4 EEgmESHEREHE FREETASSETILAREZHIER, (5 BF
5 1 P L /MR [7) S5 SE MR AR A R BIFL N OK T, (6) RS E R TEIAE P R TR A E
B—KBMEE; (7) EEEER—BENTRE, (8) 76 FaUSSMURSE 58257 1
JEIE (MM SE S m EREIER); (9) TF8USn AR I HM T 5 1 .

HK, SHAR2 ML AREEHL, FTAMIEAREMBRITE X, BEl, &R RAE T8
TR (1) KBRS, (2) B8P RIS G R EE, (3) NKKRELL
PP RuE . SAUERAMUE 28], (4) R R =R, B —h AT EML;
(5) MEmiiER oL, (6) FEAUHE B PR R, (7) EEABs=kL, 20
EEABA KW K—F%; (8) /AWIERTFLE T —; (9) EIFanisMiEEZ B
F—BERBRGGE, £ Bk 9 MEE, (3) —(6) A BEMPRFERAH. (7) 1E
R PR ATE. (8) A (9) MM RERLMPHT, WK, BERE, %k
FhFOBLER RS W X Tk

WJE, FBEALBE, HHRRESE 3 fpad ERIE (LHERL) RE, Br
PA, BRGERMERSL LIRSS 3 AR R G R, MO AFRREE, kM E B
HER B R AL B E B — R s dui; 8RR RIbT R R LA RO IR R 2
B v S e M A R U A — IR BT, AR AR E B R AR B R AL R R R
M SR R R S SR A AR A/, WURIE B RIS Sk A E 5 T S R XA R RY
W, M4, TERANEFE BA L E SuE MR EIE,

FF Rk IAREBHRHCRIS, RIBFIMRE, FiEea )zl G ChRBIEE,
PR g KD, HEMR® AT, RSt EESR &R Y E TRES I, HKIAE
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Summary

Three species have been referred to Shantungosuchus to date. The type species
S. chuhsienensis (Young, 1961) is represented by an articulated skeleton preserved as
an impression of its ventral surface. S. hangjinensis was recently described by Wu et
al. (1994) on the basis of an incomplete skull (with the mandible) and the part of
the postcranial skeleton. The third species is S. brachycephalus, which will be
restudied in the present paper. S. brachycephalus was erected by Young for a speci-
men, consisting of partial skull and some postcranial elements (V4020). It was pub-
lished in one of Young’s posthumous papers in 1982. Because the specimen was not
fully prepaired when it was studied, Young’s original description is very simple and
there exist errors in his identification of bone structures. For example, the four associ-
ated cervical vertebrae were described as osteoderms; the teeth are point rather than
blunt in tip; and the left ramus of the mandible was identified as the humerus. Fur-
ther repairation of the specimen shows many unknown features, especially characters
from the palate, mandible and vertebrae. Those are significant in our understanding
of the morphology of S. brachycephalus and also important in establishing
interspecific relationships within the genus.

Description

The skull is very fragmentary in dorsal view, but almost complete in the ventral
surface (Fig.1, plate I).
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The premaxilla is longer than wide, similar to that of the small crocodile
Bemissartia fagesii from the Early Cretaceous of Spain (Buscalioni and Sanz, 1990).
A notch is present between the premaxilla and maxilla, which contains a big
caniniform tooth of the dentary in most protosuchians. It is possible that the first
tooth is missing, so there are five teeth in the premaxilla. The fourth tooth is the
largest. S. chuhienensis has four premaxillary teeth (Wu et al., 1994). The first two
teeth are larger than the last two. Each tooth is round in cross section, slightly
recurved inwards. Its tip is point.

The left maxilla is complete in palatal view. Medially, the palatal portion of the
maxilla forms the anterolateral border of the suborbital fenestra, and shows a slightly
convex ventral surface. The maxilla palatine suture curves laterally as in
Shantungosuchus hangjinensis. The left and right maxilla meet in front of the large ante-
rior portion of the elongate “palatal fenestra”, which is narrower posteriorly as in an
unnamed Kayenta protosuchian (Clark, 1986). The “palatal femestra” is bulged
anteriorly between the palatines and maxillae. The anterior margin of this bulged part
is formed by the maxillae. The middle part of the palatal fenestra is narrow between
the palatines. Posteriorly, the palatal fenestra is expanded and opens to a depression
between pterygoids and palatines. The functional choanae might be located here. The
suture between the right and left maxilla is almost straight, but becomes sinusoidal
interlocking at the posterior most part. The premaxilla/ maxilla portion is nearly as
long as the rest of the skull in lateral view, this postion in S. chuhsienensis and S.
hangjinensis is obviously shorter than the rest of the skull. There are many small
nutritional foramina along the tooth row, the largest of these is just medial to the
largest tooth. With the last missing teeth, there are ten teeth in the maxilla.
Every tooth is implanted in the separate tooth socket. The third maxillary tooth
is the largest, much larger than the others.

The nasals are mainly preserved as impressions, showing relatively narrow, elon-
gated appearances. The nasals extend anteriorly into the nares which lie laterally at
the extreme anterior end of the snout, as the case in Orthosuchus stormbergi (Nash,
1975).

The jugal possesses a long anterior process and a short posterior process. The anterior
process approaches the small anteorbital fenestra, but it does not enter into the fenestra.
This differs from the situation of Gobiosuchus kielanae(Osmdlska, 1972), where the anterior
process forms the border of the anteorbital fenestra. This is also different from that
of other protosuchids, where the anterior process is far away from the posterior mar-
gin of the anteorbital fenestra (e.g. in Protosuchus richardsoni, Colbert and Mook,
1955; Clark, 1986).

The ventro—lateral part of the left lacrimal is preserved. This part forms the
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posterodorsal margin of the anteorbital fenestra. Contacts of the lacrimal with the
maxilla and jugal are recognizable. Because of the heavy erosion of the lacrimal, the
lacrimal foramen was broken out. The anteorbital fenestra is small but subdivided in-
to a dorsal and a ventral openings. The dorsal opening is larger in size than the
ventral one. .

The articular surface of the quadrate condyles are concave and faces
posteroventrally. As in Shantungosuchus hangjinensis, two condyles are similar in
size. The broken surface of the left quadrate shows that the quadrates are greatly hol-
lowed and braced internally by a series of very delicate struts, as in Edentosuchus
tienshanensis (Li, 1985) and S. hangjinensis.

The left palatine is nearly complete. It is morphologically identical to that of
Shantungosuchus hangjinensis. It is leaf —shaped. The palatine is separated by the con-
tact of the palatal process of the maxilla with the anterior process of the pterygoid
from the suborbital fenestra. The two palatines do not meet along the ventral
midline, leaving a fissure—like gap between the palatines. Anteriorly, this fis-
sure —like gap joins the bulged part of the palatal fenestra, posteriorly, it countinues
the functional choanae. As in an unnamed protosuchian collected from the lower
Jurassic of North America (See Clark, 1986, Fig.14), this gap forms the middle por-
tion of the elongate “palatal fenestra” along the ventral midline. Although the ante-
rior part of the palate in S. hangjinensis is damaged, the preserved portion shows that
a similarly elongate palatal fenestra may have been present in the species (Wu et al.,
1994, Fig.4B). The flat ventral surface of the palatine is smooth, lacking any kind of
sculpturing seen in S. hangjinensis and protosuchids (Clark, 1986). The suborbital
fenestra is nearly sub—circular. :

The well —preserved left pterygoid is highly hollowed. From the ventral view, a
cultriform central keel or septum develops along the middle line of the pterygoids.
The similar central septum is also presented in other small crocodiles, e. g
Shantungosuchus hangjinensis (Wu et al., 1994), ? Edentosuchus wellesi (Clark, 1986),
Arapripesuchus gomesii, Uruguaysuchus terrai (Gasparini, 1971). A conspicuous ridge
appears on each side of the ventral surface of the pterygoids. This ridge extends
posterolaterally, as in S. hangjinensis. Posterior to the palatines, the pterygoid is
strongly depressed between the two ridges. The pterygoid flange is well —developed.
In other respects, the pterygoid differs little from that of S. hangjinensis.

The left ectopterygoid is complete. In ventral view, its both ends are large, but
its central part is slender. Its dorsal surface is not exposed. The bulged ventral sur-
face suggests that pneumatic spaces within the pterygoid may extend into the
ectopterygoid, as in Shantungosuchus hangjinensis. The ectopterygoid forms the
posterolateral edge of the suborbital fenestra as is the case in S. hangjinensis and
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Gobiosuchus kielanae.

The ventral portion of the basioccipital is preserved. The mid —anterior margin of
this bone is concave inward. The- ventral portion of the basioccipital possesses a
medial ridge, which is sharp and has no shallow groove along its length. The
ventrolateral surface of the ventral portion is not strongly concave. In those respects,
the basioccipital resembles that of Shantungosuchus chuhsienensis (Wu et al., 1994,
Fig.4B, 6B). The triangle median openings of the eustachian tube is large, located at
the boundary between the ventral portion of the basioccipital and the basisphenoid.
The bilateral openings of the eustachian tube are enclosed by the ventral portion of the
- basioccipital, the basisphenoid and the exoccipital. This is different from the situation
of other crocodyliformes, in which the exoccipitals do not enter into these openings.

The basisphenoid is missing only the lateromedian edge. The serrated sutures of
the basisphenoid with the basioccipital, quadrate, and pterygoid are very clear. The
outline of the basisphenoid is pentagonal as it is in Shantungosuchus hangjinensis and
Gobiosuchus kielanae. A. groove is present along the ventral midline of this bone, as
in other two species of Shantungosuchus. However, it differs in that the groove is
anteriorly very narrow and posteriorly very wide. Posteriorly, the edges of this
groove reach the bilateral openings of the eustachian tube. In morphology, the bilater-
al depressions of the basisphenoid are not very different from that of S. hangjinensis.

The left ramus of the mandible is preserved. Its symphysis and the articular part
are missing.

The preserved portion of the dentary bears eleven teeth. A row of nutrient
foramina parallels the upper margin of the dentary. Evidences from the broken facet
suggest that from the eighth tooth counting from back, the two dentaries meet and
form the symphysis, and are flattened. The posterolateral margin of the dentary has
three processes. The dorsal process extends postero—dorsally above the external
mandibular fenestra, the middle one is short and projects into the external mandibular
fenestra, and the ventral one extends postero—ventrally, and forms the half of the
ventral margin of the external mandibular fenestra. This fenestra is large, narrower
anteriorly and wider posteriorly, as it is in Shantungosuchus hangjinensis. The presence
of the postero—middle process in the dentary is unique to S. brachycephalus in
known crocodyliformes. The dentary is laterally sculpted by small pits and short
grooves, except for the postero-—dorsal and postero—middle processes.

The splenial covers the inner surface of the dentary. It is similiar to' that of
Shantungosuchus hangjinensis in morphology. Both ends of it are divided into two
branches. The ventral branches are longer than the dorsal branches. Posteriorly, the
dorsal branch of it is separated by the dentary from the surangular. The poste-
rior margin of the splenial forms the anterior margin of the adductor chamber. It
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nearly approaches the symphysis, but it does not take part in the forming of the
latter. ‘

The angular almost reaches half the length of the lower jaw. Anteriorly, the angu-
lar extends forwards nearly to the level of the last tooth. Posteriorly, it turns from
the lateral surface of the mandible entirely to the ventral surface and extends to the
postero—ventral end of the mandible. The angular/ surangular suture extends
posteriorly from the external mandibular fenestra to the end of the mandible. The
above morphological features show no differences from those seen in Shantungosuchus
hangjinensis. The anterolateral surface of the angular is strongly sculptured, but its
posterolateral surface is smooth.

The surangular is complete. It extends anteriorly to the last tooth. Its dorsal sur-
face is smooth. As in Shantungosuchus hangjinensis, a coronoid projection is formed
above the external mandibular fenestra. Below the coronoid projection, there is a shal-
low groove, which extends forwards. This bone forms the postero—dorsal edge of the
external mandibular fenestra. The posterior process of the surangular extends to the
end of the mandible. Posterior to the external mandibular fenestra, only a small part
of the surface of the bone is sculpted.

The postcranial skeleton is represented by fifteén presacral vertebrae, two scapulae
(one is complete), one complete right radiale, two coracoids (one is complete), distal
end of the humerus and proximal ends of the ulnae and the radius.

The centrum of the axis is well —preserved. The pleurocentrum of the atlas is
fused with the axis to form an odontoid process. The dorsal surface of the odontoid
process is slightly concave for the central nerve cord. A weak ridge is present along
the ventral midline of the centrum. As in the S. hangjinensis, the anterior half of the
centrum is larger than the posterior half. The preserved presacrals are all
amphicoelous. The parapophysial processes of cervicals, which direct downwards,
have a tendency to migrate dorsally and posteriorlly, and then they are gradually
joined the diapophysial processes to form a single transverse process in the dorsal
vertebrae. The neural canal of the dorsal vertebrae is quadrilateral and their centrum
is oval in section. The former is larger in size than the latter. The neural spine of
the dorsal vertebrae inclines anteriorly.

The left scapula is complete (fig.2, plate Ie). The bone is expanded at its dorsal
end, but the dorsal expansion is not as strong as in Notochampsa istedana
(Haughton, 1924; Broom, 1927). The anterior border of the scapula is concave, thin
and sharp, while its posterior border dorsal to the narrowest part of the bone is al-
most straight, thick and round. The posterior margin near the dorsal extremity twists
inwards. The scapula bears a well —developed process along the anterolateral margin
above the acromial process. This process lies in the insertion area of M. levator
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scapulae, indicating that the latter may have been very strong in this protosuchian.
The coracoid is much smaller than the scapula as in Protosuchus richardsoni and
Orthosuchus. stormbergi. The coracoid also expands at both ends. The length ratio be-
tween the coracoid and the scapula is 0.64. A small coracoid foramen is located below
the glenoid portion.

The two condyles of the preserved humerus are complete. The external condyle is
bigger in size than the medial one. The humerus is highly hollowed in cross —section.
The preserved ulna and radius are similiar to those of crocodyliforms.

The right radiale is well —developed. Its proximal end is expanded and becomes
robust. The facet which articulates with the ulnare is suboval. The distal end of the
radiale is less swollen than its shaft.

Comparison and discussion

Among the characters that were used by Young (1982) for the diagnosis of
Shantungosuchus brachycephalus, only the feature of the relatively broad skull seems
true. According to the ratio of the skull width (across the lateral margins of the two
quadrate condyles) to its length (from the snout to the mid—point of the line across
the posterior end of the quadrates), the skull of S. brachycephalus is the widest
among the three species of the genus, about 0.65 —0.66 (Young, 1982 Wu et al.,
1994); the next is S. hangjinensis, about 0.51; while S. chuhsienensis is the narrowest,
about 0.45 (Wu et al., 1994). Although this ratio of S. brachycephalus is not as large
as previous thought, it is still the largest within the genus, reaching 0.56 measured on
basis of the fully prepaired specimen. v

From foregoing description, a number of morphological features can be drawn
out (Table 1). Most of these features were not known from Young’s study (1982). It
is evident that the reference of Shantungosuchus brachycephalus to the genus is further
supported by many derived characters, which form the major part of the diagnosis of
the genus (Wu et al., 1994). These are characters 3, 6, 9, 10, 15, 20, 28, 29 and 35
" (see table 1). Characters 4 and 37 are unique to S. brachycephalus among
crocodyliforms, although they are ‘unknown in the other two species of
Shantungosuchus. In  comparison with the other two cogeneric species,
S. brachycephalus is less defined by the present material. However, it clearly differs in
having a relatively wide skull and the very narrow anterior portion of the median
groove of the basisphenoid (character 19). In addition, S. brachycephalus is not
comparable to S. hangjinensis in the following features: openings for the lateral
eustachian tube are enclosed by the basisphenoid, basioccipital and exoccipital
(character 21); the dentary possesses a posteromiddle process, pointing into the
external mandibular fenestra (character 25); palatal surfaces of the palatal bones lack
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Table 1 Morphological characters of Shantungosuchus brachy cep halus
known from the present study
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. Snout narrow and shorter than rest of skull.
. A notch between premaxilla and maxilla.
. Premaxilla/ maxilla portion shorter than rest of skull in lateral view.

. Antorbital fenestra small, subdivided into a dorsal and a ventral openings.

. Anterior process of jugal entirly excluded from antorbital fenestra.

. In orbital regicn, jugal forming a broad ventral shelf which having a groove on its mediodorsal suface.
. Posterior process of jugal very short.

. Palatal processes of maxillae contact along ventral midline.

. Palatine small, leaf —shaped.

. Contact of maxilla with pterygoid in palate separating palatine from suborbital fenestra.
. Palatines separated by a gap along ventral midline.

. Pterygoids possessing a median process, extending anteriorly into choane.

. Pterygoids highly holiowed out by pneumatic spaces.

. Pneumatic spaces within pterygoids expanding into ectopterygoid.

. Lateral ridges on ventral surface of pterygiods extending posterolaterally, medial to medial margin level of

- subtemporal fenestra.

16.

19.

2L

31
32
33.

Elongate, dumbbell ~like mid—palatal fenestra enclosed by palatal process of maxillae, palatines and
pterygoids.

. Basisphenoid large transversely broad, more or less pentagonal in outline.

18.

Median groove presents on ventral surface of basisphenoid.

Median groove of basisphenoid anteriorly narrow and posteriorly very broad.

. Large depressions developed lateral to median groove of basisphenoid.

Openings for lateral eustachian tube bordered by basioccipital, basisphenoid and exoccipitals.

. A strong median ridge present along ventral -middle of ventral protion of basioccipital.
. Ventral surface lateral to median ridge of basioccipital nearly flat.

24.
25.
26.
27.

Symphysis moderate in length with at least eight teeth.
Posterior margin of dentary tri—forked, with a middle process projecting into external mandibular fenestra.
Anterior end of splenial forked.

Spenial not entering symphysis.

. A remarkable coronoid projection of surangular.
. Ahgular entirely extending on ventral surface of mandible posteriorly.

. External mandibular fenestra large, oval-—shaped (with sharp anterior end) and its long axis parallel to

mandible.

Vertebrae amphicoelous.

Coracoid small, about 2/ 3 of scapula in length.

The third maxillary tooth very large, at least one time larger than any other maxillary tooth.
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34. Depressions on ventral surface of basisphenoid enclosed posteriorly by a ridge.
35. Ventral surface broader than lateral surface of posterior part of mandible.
36. Ventral surface of palate smooth, without sculpturing.

37. Well —developed process along anterolateral margin of the scapular above acromial process.

any sculpturing (character 36); and the ventral surface of the basioccipital lateral to
the median ridge is flat (character 23). However, these features are unknown in S.
chuhsienensis. On the other hand, S. brachycephalus can be further distinguished from
S. chuhsienensis by possessing the large third maxillary tooth (character 33).
Unfortunately, this character is unknown in S. hangjinensis. As for the definition of
S. brachycephalus, we consider that the above mentioned nine characters can be used
at the present stage to constitute the diagnosis of the species. Within the genus,
interrelationships of the three species are ambiguous, because there are few derived .
characters that are known in all the species. A

The specimen of Shantungosuchus brachycephalus is said to have been collected
from the upper Lower Cretaceous, but it lacks information of the fossil locality and
stratigraphy. Young (1982) believed that the specimen was found in the Upper
Jurassic in terms of his atoposaurid affinity of Shantungosuchus. By studying a new
species, S. hangjinensis from the Lower Cretaceous of the Ordos Basin, Wu er al.
(1994) recently argued that Shantungosuchus is a protosuchian. According to Prof.
Dong Zhiming (Pers. comm.), S. brachycephalus probably also came from the Ordos
Basin. If it is true, this species and S. hangjinensis might have been possibly collected
from the same horizon. In this case, the original record of the late Early Cretaceous
may be correct.

BRE 1% R4 ( Explanations of plate I)
B IZFEE Shantungosuchus brachycephalus V4020
a. Sk Skull in ventral view, x2
b. k& M# Skull in lateral view, x2
c. T4 (A3%) WM The lower jaw (left) in medial views x2:
d. FH (K£%) W The lower jaw (left) in lateral view, x2
e. ZE B IR B MR The left scapula in lateral view, x3
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