32k E3W W HE MY ¥R pPp. 166—180

1994 &£ 7 B VERTEBRATA PaLAsiaTica figs. 1—3

B Hsisosuchus) (R RH X R
REE 243 7 K

ChERFREFEHY SEALRIF L3 100044) (R ERERSYE EK 630013)
XA WBUNY, B, EEE REREXER

A ' #® =

AXENTH X FRFEFEEX LRIEE)Y (Crocodylomorpha Walker. 1970) FHKo
BRMASXAZFTETRTEREEBNRALBXR. AXNERT & T HHEMA
WELRERRBANRALFNANELEERRHB S, BR Mesocucrocodylia thiF
BHEREZ—H

B AET19S3FEH ISR THNE K LI R AR E KA BEE(Hsisosuchus
chungkingensis), BERVIBEEAMI ZVIRBEERIERRLO—FEZR, HRED
CAEMBIYLT —HR——EHER (Hsisosuchidae), ZRARAEEBIFTEMEA
T E, IR ZE NS ETURE—FNTE, EREA ELRTENEL (scbecids) FHHE
BIXFRo LIERZEE (Langston, 1956; Berg, 1966; Kuhn, 1968) W' Ffipg 1 #2 15
TE—io Buffetaut (1979) 8 Doratodon carcharidens Seely, 1881 IHTPHHEER, ¥
JEC1982), e THR S R AR AL S — X, A BT SN TRERETE
HESHEPEXRNXR. FHit, iEHEEMMEATEETHAMBRENR Z— £
BENENKINEREHE-FESLERLEERERAICROEAR, SiZzmE
HIRFIEVE TH R BIT(BHMBE, 1994), AR —THNEM LT EBBNRL
KFo

—. FXREFEE L LY

EHSALEEXCREBGEREXRNLE D, AMIBRAERELREFET
BATERBH Clark RENFFX ARG (Cladistics) HEITERNIGIMOR 4 %
ARG, BREENFBETCERNDMEXLHENXRANITIRATX—F &% (Clark,
1986; Benton and Clark, 1988; Buscalioni and Sanz, 1988; Parrish, 1991; Clark and
Norell, 1992; Sereno and Wild, 1992; Wu and Chatterjee, 1993; Wu and Brinkman,

1993; Wu ez al., in press), AXEHXFIHHERY H X REFLTTIBEMNZ MRS

) AREHPENERS N SHALMARRELY,
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KAMNLE, A, FUEN DL RESE X LY E X — I E2#E Walker
(1970)#2 AU Crocodylomorpha HIZHAY —— & (&N 4H. R 5 Carroll(1988)
DRPHEE (Crocodylia) FrEEHINAEA 8. ERNZECRIIKREDLHBITHAEARK
EEEETER. S OE LS LORKEES (sphenosuchians), JH #2 2 (proto-
suchians), HI#E2% (mesosuchians) FUELEE A (eusuchians). [ HE g #5525 i 8 780 2y 32
MR — B A 2K B, BR 4 Crocodyliformes BIEEF 4. Benton and Clark (1988) 3
Parrish (1991) RIGICAR THESE & X FORKEERE ST AKFE L LW AL B
Hih— St B SE R EH FRAES KR, RMBEELTUMK S XAREFEL
Y B R 8 JL ST R ) 40 7 B8 SCEE A IE £ (Sereno and Wild, 1992: Wu and Chatterjee,
1993) AR, EHELWEERERED X AZEENL LS A LB B ESIE, Benton
and Clark (1988) JANBFEREIFRLEREE, (B Wu er al. (in press) NWEAGKEE DL
BEERANRENFERWR T R AL BREENESE DR ES X A%
B EMHARBNELE LWABRRY T AEFEL LR RRBIERI. H4% E
R ES R R E B R AT DI B — 1 R KB, B R mesoeucrocodylia, X B4R
— N, &5 LEH —id (Crocodylia) EHXAK¥EN FURT QBN AL R EI1M
LA E, 3 Crocodylia EEHREREELRE T N A1 RE 2 @R THE
ARFE L BRI LB RIN AL Ao 103X BAES5E b Ay 0 2 5 5 2 2
FEX B ALK E

2
S o
- y a :
» 2 » 2 o 4 g
3 u 5 3 = 3 = e
£ > Q L %) S -
S 3 2 s 3 g 3 2
(7] =] 2 3 2 2 S 5
= @ £ < ie) Q
G ] 3 ] & 3 IS 3
a 0 < [ QO =
4 a Q2 A I -4
Q Q Q & T % %} o
SPHENOSUCHIA
CROCODYLOMORPHA

UNNAMED TAXON

A1 RREBUGMBREN— 0% X RIS LR AR B R %
BE(M Wu and Chatterjee, 1993 i/ 21 Bifk i)
Fig. 1 A cladogram showing sister groups of the Crocodylomorpha., The traditional
sphenosuchians are hypothesized to form a monophyletic group (derived from figure
21 of Wu and Chatterjee, 1993)
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CROCODYLIFORMES

W2 FREVHYEZRBARFKRAND B X BEHE LRRESEERINY
HARREE(HHE Benton and Clark, 1988 thP 8.7B,8.8,8.9B 1 8.104, DI Jz Wu
FEFTDHE 10 24 HLm*E)

Fig. 2 A cladogram depicting interrelationships among major groups of the
Crocodyliformes. The traditional protosuchians are hypothesized to form a
monophyletic group (synthesized and simplified from figures 8.7B, 8.8,8.9B
and 8.10A of Benton and Clark, 1988 and figure 10 of Wu ez al., in press)

T SMERERIN R R

B XEE R A HE 5 P B — B AIA A LL Postosuchus (Chatterjee, 1985)
AR FE B Poposauridae BT HER AL k B (Benton and Clark, 1988; Parrish,
19915 Wu and Chatterjee, 1993), BANT{E45G LABKELRZRARHERITRE
HHAESN, EEXREENZEBHEM—DMIBHEL poposaurids RHBH KL
MEERIMEFTENRERATHE—HN(E 1), Hib, EFRERTANDI XA
S MTRRHE IR MRS, SNRBE(ER 2) HIBMILIRIRA Postosuchus FARLYES
R R T RIBI L8 ——Dibothrosuchus (R #,1986; Wu and Chatterjee, 1993), M
BT X(E®RBE, 199DNICRP A, ABEEES HTET RN BARBRE®ER. i,
FHERWERM L, REEARGE BB RAMETER, FHTEERROMER, 5%
BILFREEREN—FKES, F, RSN AR, BT ERMANENLE £
%4 Eryh R RSN, B aFERA HE LR R Protosuchus, Orthosuchus Fl—/" K
BRI B ——Alligator, HEFEBEEEN, NABEH I NMPBER, Hf Prorosuchus
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FHE # R (Protosuchidae); Pelagosaurus 3% Thalattosuchia; Goniopholis X
Goniopholididae; Bernissartia 1,35 Bernissartiidae; Alligator ;3% Eusuchia. FRIETE
X FERFRH . A LR XATHE P B RE TR = R4 K uHE LI Benton and
Clark, 1988 —3C, Buffetaut (1979) {REIE FFAEABETEER LS, H ETEKE
TARSNFLEOIS e F0 T A R B FE{LIA: , 8 Doratodon AT FHEER, BRIZBAM K+
R, (BHEMIRIE TS EEE. RN Doratodon YIS ABENER S,
HEBREHEUNELRR, Bz, HERXERETERTEE—PHLET. T
SRANFLEY B e AR VR S SE R 2 5 BETh 'R 4 ANZE Bernissartia (Norell and Clark, 1990)%0
Wanosuchus (32,1981 FARIMLER I A ko IETAERBETASRM, MFH
B BE TRSIEL, Rit, RBANIEE, REMRS Dorsrodon MEFE XA HIT
MAREF(:F, MEEBREENEESED, Doratodon SRIFAHEEELINARER A
g,

=, FrfE & &

ANREREFFHRERBEASCGE D BUBSEILETBRIMARRAN
NERRBESEMEYTA (Benton and Clark, 1988; Wu and Chatrerjee, 1993; Wu
et al., in press), FRuEFHVEHE R EIE IR (e A X RIGFEHERREEE LB
iE, RAXEEEREBESKEEREN, i AEREBEERNARLERR, TUN
FRA R4 2R 76 76 B 8 v o MO S IR I h R ELFETE N ZERTRERRAY 54 IMFIE
o, BEATEM— TS BNINR. 4 —MFEE S M ITEERR AR, XEHEIR
RAREA B HEMA (unordered), FREIE{IZEAR—EHRR —MEL B & X & 5
(transformation series), TEMITE KA IEMERIR AR SPEBRN RBP4 G
2), DI“NRREPBEEL-FERRSHORBE BIIEHE 37, HEEM—TEZIMIS
BB BN HERMEXHMMERRSE S RDRCER, REIEMERTEEM
—HEIMURARSEMSHEE, B 0"RERRHERRA; L 1—5"REET
Wk Ao FARARRE AT R R T BT BB 5 A R 28 oh i e 3 B AE R A POR AR A Y
LL“?7 IR,

#1 ATFEXRGREAWHHE (OFREAERRE: Q) REFTEERRE
1wy B Ty 5 o CRRBE AT 45 B LA 50)(0) s My B A8 1 T R ip (1) sy 8 g T FE i 2) s Wi i T
B EE(3) LT & Ty E S m s AL £ (4),
2. FARESMUSSE R0 )5 Bl , RA — A E B A Bl
3. RR0) s R, — e F A/ R KRBT 5B — 211D,
4. - ARE MU E — A B (0)s A AR E B,
5. b 4 o RS B U S DR » TS S AT AR B L BB 0 (03 5 S JLF R AR Al I 4R Rt (1),
6.7 F S AHBARERLEEBO) EPLEHEAN),
7 R FLAEEC) R/ 2 E();
8. B E IO lAEA—(1)
o REEFE)IER),
10.F B 5 WA LEM0) ERE, M /UT R0 & gk b EHU),
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HOEERERERFRSIGOO ARG M TRMTAERE()ER BRE TR TABEE?),

12 B EEMRE EFE BMUAERE) B,

13 FERFLRC0) s R/A(LDe

- BB RSMUZEE ) R (1),

AR (0 ME(,

BB RERIFTE(O) SR (L),

HENRABETERO)RE, LERBROMFE.

BB REREO) REA),

SNBSS B REERE0)R(D,

HBHEE & EEO ) ERERIA ).

CHBRERSHEREEO)HEN),

BT A R0 R, T EBRE AW Sk SE MU BEE (.

B EELRO) BRI E 27RO T BRSPS, AERE — S SETFLR),

FREFERESANSEN0) RAFANAREDLEIFA(),

B EE IS0 SR E S Eil, BREOE M),

6. EERSEREBNERO):ZSHERRER),

2. HERAREREPEERO) S ERPRER),

8. EHBERBILZENMIFO)AREAN),

2. NBILATAL RO TR EMES ZRAC: LFREL M TREZF1),

30. HARARSEO) ha, AANSE1),

SLLENERMRRAENETRRO)ARBERIFOETREA),

32. = R@LZILAEME ENE R EE RO TR ENMEEERA ) ZE2HTENREER(2).

B NTRESELFARDEUMO) SR A RAE),

M. EGEERMEENEERTEREO) ETELE),

5. EHEERAEEEEO)AEE,

36. 7 B SMUEIT(O) s BB A R AL Do

37. 4 BEM S EIMISRIL RS EOEERO) K@),

38,58 IX i X—XI 3ffgs h— N LHSMEE (0 MARR BIFLE SME (L),

39 Sh R BB AMUAR T BRI AIM(0) s R BB R MU (1),

40. SMLBESMRIA A (0) s TR,

AL EE AR R AE R R0 RA(1D,

2. FHRBEEE0) s P ERE AT IMABEO) AR KT ABRER2),

3. EREREANTHAKAO)FEATHES(1),

4. FBREBESHEEW0):FREA),

SR ENREH. A HEREET (O R—BETETIRMNEQ ERXTRQE) I RETBERR, B ATER
R (3); RSB EFRRBE AW KA TR BEREBRERT (5.

46. FHSMLEEO) BB R/, LAERRRT A1),

A7 BN A (0) s —HRRAIREE (L),

48 HE AR R MIEOR R0 ) 5 7 £ HE R AT BY( 1),

49. R EARRETBHEO) LFEERFERA),

50. BB HRE, AR EHLEAREMAQ) BT&LIBARREIA,

51 EARAT K (0) AEXT (Do

52. % BIRARAIIMUZEC0) BATSMULE(1),

S3RATIH B R0 ZTHATHFFRA).

S4. A ERER TR0 FERAEH SR,

M. ordras Rmitie
£ PAUP B2 (3.08 BUADR 54 MEEAMRMILRAR A f0 MR 4T, 73205

1O B i ke e e e e
w W N o= o v o NN

L 2 T 1S TR S T )
FY

<
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£2 BFEXREATHVNBEERREERER I M AERUF/MINLEBPHFHFRAR
BEC0” = FIAHERIRA: “1—s"=FElRRE; " =8RRERA; N = RERN
BT “%" =B NIRRT S AN e BIEA B FTAMRIRAR , AT E AR
Table 2 Distributions of character states among 9 crocodyliforms and
two outgroups analyzed in this study Abbreviations: “0” = primitive state;
“1—5” — derived states; “9” = unknown; “N” = not applicable. Multi-state
characters are unordered. “9,” indicates the percentage of the characters that

are scorable in each taxon

1234;67890 1234367890 1234;67890 1234;67890 1234;67890 1234 %
OUTGROUPS
Postosuchus 000000000N | 0000000000 | 000N000000;000000 N NOO| 00600000000 | 0777 96
Dibothrosuchus 0000010010 0000010000 | 001N000000{000000NNOO| 10001€0010 | 0000 100
INGROUPS
Protosuchus 1000010010 0010011001 | 112 0 000001{021000 NO 11} 1111200001 | 0100 100
Orthosuchus 1000110010 0000110010 | 1120 000001(021000 N? 11} 2000200001 1100 96
Pelagosaurus 4000110010 2000110110 | 100 N011107|100001 00 01} 1210307211 1100 96
Hsisosuchus 4110010010 1111110011 | 1621 011100{110101 00 01| 1110411001 1000 100
Notosuchus 2000110117 1700111010 | 1020 0117072070101 11 70} 1011507272 | 7700 78
Sebecus 4000011111 2101111110 | 1021 111100{020101 1?7 00[ 1110301??2 | 7700 87
Goniopholis 3111111110 2000111110 § 102 1111100020111 11 70| 1710417071 1100 91
Bernissartia 3111111110 2000111110 | 1021 111110{0?0111 1? 00 1070311171 | 2011 91
Alligaror 3111111111 2100111110 | 1021 111110{020111 11 00| 1000301111 1011 100

M ERMAR S ZE(ERK 103 5, MFHEE CL=0.670), £ B FRE 3),5B T
BEZFILL Pelagosaurus 4y {{3EH Thalattosuchia Z[E ARG R FMIIEI, KBTI HE
HFHEX AR . 352, AR IRE Thalattosuchia FEHFIRMHELS T HEH, &K
X ARG T AREE E.

AHISHTEE, ABREREMNRFEHRNEREL, eMESE-FRE TIFZEED
YR BT . AT, PURSEREEENEAEEINAZ X R, BROFEERKRATEH
B —H B —— W5 B s AR A B CRFE 22), B, RRISERIE 30) Rk
BB 2 KL 33) S (PEML Wu ez al., in press)o TEARIET RBIF KR, FHEEFIE
B2 Ay IEES (Protosuchus) A7IA R RURHE 13 CFEFLIRAN) FUFRHAE 20 (5
BHEGTEETER —RENE). BE 13 ERSHIEERRARBELE (Wu e al.,
i press). $HF 20 R EEMPY =B I (Benton and Clark, 1988). #EIEA L
BEASGKSITER, ERRNASIEEEE RN &5 plsar Aok, FE,%
E 42 MORTAEMIR 1 — T A rh SR, R 79 it ——7EIRES R, B &Y
DEhR BT — MBS -

T B #EF] Thalattosuchia #EA THI S MBI T Mesoeucrocodylia, EERRHELL
THEHABBA (unequivocal) HITFFHR . EITEFHE 26 (BHE S 5 MKER), FH L
27 (W4 42 AR ), 51T 28 (BB (N B ALZ TG @A), FF1E 36 (— J7 B SMUED
SEHDLLRAEE 47 (R —KRNKRE). BREHE 47 BN LM LR R
BREE, MBERIEEY 0.5 LN, e M FERMEAFHRREIEE 1o 4 Benton and
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Clark 1988 FFHy o #rth, XU PEHAEL E R HEIAA Mesoeucrocodylia BYLiE & 4R
B, $FME 47 7£ Benton and Clark WA ERE SRR THLEFTHERZ — B
FREOEDNFES, KX ITBINABINARAFFIERTBEXN Mesoeucrocodylia BT & #
Ko KW, BENERY RO E SR HERRE S A5, e ERERMERERRENR
HEMRMEZEETE (equivocal), MRIBALHIDFHT, FHEEFM Thalattosuchia HWER
JR5 K mesoeucrocodylians (AT DL B R IRRIESE LROHEER), FEOKIE
BB ZHEHRA mesoeucrocodylians (B Benton and Clark #J Metasuchia) A
FRENEERER: HFES(RNHEIRE), WE 17 (BENR/ILERERINFZE),
FHE 37 (B BEM— HFEIMIS BT B R R BB R, FF1E 38 (B IX fisg X—
X1 3 fat 2 MR FLHI SN B ), FORFAE 40 (OMLE REIMUIR IR % ). BRKHE 40 BY
AR R RSB MBS SE R, (HAR AN SRR S B & B8 4h ) 38 72
Metasuchia B2 U AERBEH ALK, FTUARBETHERIE, HAEMFERRE 0.5,

TEARSLHERR 54 PMREh A = A CRAE 30, 47 R 48) fELL Pelagosaurus HHERRY
Thalattosuchia FI#ERIRER, WAZBEHLERHEPRHNFFIE, BAX=RIE
7£ Thalattosuchia Iy ABRTEH W BES K E#ES Thalattosuchia ] F [§ x & Y X
Ho THEHAIXEH —F X =MRIEY Thalatrosuchia HAJREH BRI, IFIE S
BHRGEXAEBIERLER,

BHE 30 PR SRR ARSI ASE. 42 Clark (1986) K1 Wu % (in press)
SR, EERNER Y, REREXRNRRE—DEHESBHORE, B 481
TTAERERBEHHIRIUNE, £FMRAERZh Y E R WS PR, REEH#S
BUdEE #2228 (non-eusuchia) , B XA EH HIET LA (Norell and Clark, 1990;
Buscalioni and Sanz,1990), BARVEE REEE TWIRA,{H X% HI%E £ thalattosuchiang
X RARILRZ LG~ EHESBOESMRI MBS, Nk, S8T8
BRHE#E#E R Thalavosuchia RAJEEREEEE—#, HEGMEHEREER MR
IR FHE 47 BR TR AN B, FHEREAWKL TEREA—. BRREEY
BROKEUSHEASIRERTRMBE. GIBRBL, — &/, F— K 587 — s
MERERE XY, i, R EEREWIER, BILERENET 47 % Thalattosuchia
FIHE R &R,

ERIFHFAE 30 A0 48 7€ Thalattosuchia iR ] 24 BRSNS RIEA 3 &
MEH A DTS RE— B ERRENNSZES, BIE 30 BHTARERE Protosuchia
MR BIEZ —, MEHE 48 BRTEIRE B IERE Bernissartia(33E ##) Mesoeucrocodylian)
ML Alligator ARENAERNFERIEZ —o W THIT 47 KX FHRRLE R
ELEEEE Thalattosuchia FAGTAERSE T . TEEEAEEFR Thalattosuchia 7
INHJ Mesoeucrocodylia Byt in W2 —, H ik, BIE T 4E 30 Fl 48 7¢ Thalattosuchia
HOO IR OIR A, BERHE 47 ANTAERE, B IEH AL PAUP 407, g 2i%s
B Rifn, 2 RIEHHE 47 7€ Thalattosuchia fEE N FRRAR, HAHEAAL
PAUP ITBRHMERMAR T, XROFTAFE-NEBANS K., ErhgmE
IR RN 3A,  PHEESEL Thalattosuchia Spksb,  H54F 47 (Rl W4k
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Thalattosuchia Z#MNEFF#4 mesoeucrocodylians BIIL T B2 —0 XIHBABRA XK
B4, HHE 47 7€ Thalattosuchia M EFIARSERRESHEHE FEXANRTER
#o B b, TiEHEK Thalatrosuchia BA R BRI MEM 42 EHTR , RIE HRTX 7
% #2F0 Thalattosuchia BIAIR, RAVBUE T IA A EE £ Mesoeucrocodylia RIFIBRINER.

l A~ O
a5 3 « )
o @ 23 & o T = = (]
5 2 2388 2 8 s s 5 2% - © 3
S 8 = S 5 £ w0 S 22 @ > » =
S 8832 §$ 8% 8 8 £ 33 2 .8 5 s « 8
8 2858 8 88 ¢ ¢ & g2 Y88 58 8 £ 8
ry T £ & 3 s © = 2 g e 9 € p
S §2E T £ 62 3 m < '«j’geggggga
L_l l £k 2 0o 3 @™ < T
] 29,48,53,54 l__J
NEOSUCHIA
1(3),2,3,4,35
NEOSUCHIA
7.25 1
PROTOSUCHIA METASUCHIA
22,30,33,39 #,17,37,38,40(0) T
..—'——l METASUCHIA
24,34 IS |
r | 5,49
UCROCOD t
26,27,28,36,47
—! MESOEUCROCODYLIA
]
) 21,32(2),40,50
| e -

B3 AGREAX s¢ MEEA B RNFEA R REANS AR =103 A EH=0.670),
ERFGEEELLDL Pelogosaurus YR HJ Thalattosuchia #¥; BE—HXEMNBE. R RA
By Thalattosuchia [FFy HAFXALMBFREZRS XEENEHFRER, B5 N
“0” F B MR A BIFE <27 B 3 RF IR Z B =M R A
Fig. 3 One of the two most parsimonious trees (treelength: 103; consistency index:
0.670) produced by the present analysis based on 54 characters in A; The alternative
hypothesis on relationship between Hsisosuchus and Thalattosuchia represented here by
Pelagosaurus in B. Numbers in each node represent the unequivocal synapomorphies:
“0” in brackets indicates character state reversal; “2” or “3” in brackets represent

derived states 2 or 3 of the relavant characters

BB EA XA S RERAFEFBER Thalatosuchia ZEAIALKRX &,
BFEBE ST S MAFERENARX AR — AR TR, B RENERA
2 FIN 4 I BEENTE U AL X AL ERIRBRORABUIR T th. WEHE B X v iy
RL.AIESAAMENERNT. XMEEHNTRAENBENENATETIY, &
i, XA L W R Z O T YRR EH (Archosauromopha) o, B An7E 1£ GEAY“HE
Hi2” (thecodonts), £ PAIRIE , ISR BN MMk B ——Postosuchus tho [Rih, WE
PEROOF e BRI A b (U T IE RIS MR IR A R SCIY 34T, W E R T P B
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B AWAEE: FAnRRESEIROE . e IEEh, LERNTFRAER
RAOE . FIRPG B RAEF 2 T HELL AR S, EM LS 2HABFE ), HE
JE % 3R LA R TR R H I CREAE 25), DAR DL |2 Metasuchia AR AT B MR

F. /b gk

fela, TR LA RASCER AR, (1) SRIEA A R E , 74 % #2 A 7g 82 2K08 5 48
AR F, (2) HEBRILANSEFREL, BERAETHEEE, 3) ABEN
Pelagosaurus A fUEAR) Thalattosuchia R 5 JHI5H) mesoeucrocodylians, WAL E AT
ERFEGRE G LR e, (4) ARSI RAE R B 82R1 Thalattosuchia 2 Mgy
ARG R F, BURIGETERIE 47 HERESARE(E B RN BTE, AT SR
i, CHOHBEAS LM EARRNT:

Crocodylomorpha Walker, 1970
Crocodyliformes Clark, 1986
Mesoeucrocodylia Whetstone and Whybrow, 1983
Hsisosuchidae Young and Chow, 1953
Hsisosuchus Young and Chow, 1953

A GIREE 92 FEHEERDY S EARFRTITRECHRE, REENT
TR AE IN& R Calgary RAAAEMREM AN ERAN. MEA M R A % & Royal
Tyrrell Museum of Pataeontology (RTMP) 4 RAGHFFT TIERULT 5 E, RTMP 1y
Dr. Donald B. Brinkman B8 T 3 0B, i — I 8igo

(1993 F 12 H 17 HiEy)

2 % X ®

EHEZEGETR,1994: WK EFRAEYE (Hsisosuchus chungkingensis) —Fitkl, HAMIYE
1#,32(2),107—126,,

A e A, 19530 PR A RUCIT S A . WA ¥, 1, 97—109,

%, 1986 0B KB —FE, HAMDMER, 24(1), 4362,

SEikEE,1981: CERK—EBARLA, HHHEEYFMR,19(3),200—-207,

Benton, M. J. and J. M. Clark, 1988: Archosaur phylogeny and the relationships of the Crocodylia.
295—338. In: M. J. Benton (ed.), The Phylogeny and Classification of the Tetrapods. Vol. 1.
Amphibians, Reptiles, Birds. Systematic Association Special Volume 35A. Clarendon Press,
Oxford.

Berg, D. E., 1966: Die Krokodile, insbesondere Asiatosuchus und aff. Sebecus? aus dem Eozan von
Messel bei Darmstadi/Hessen. Abkh. Hess. Landesamt. Bodenforsch., Wiesbaden, 52, 105p.
Buffetaur, E., 1979: Revision der Crocodylia (Reptilia) aus den Gosau-schiten (oder-kreide) von oster-

reich. Beitr. Palaont. Osterreich, Wien, 6, 89—105.

——-, 1982: Radiation evolutive, Palevecologie et biogeographie des Crocodiliens mesosuchiens. Mem.
Soc. Geol. France, N.S. 142, 88p.

Buscalioni, A.D. and J.L. Sanz, 1988: Phylogenetic relationships of the Atoposauridae (Archosauria,
Crocodylomorpha). Hist. Bio., 1, 233-—250.

——, ——, 1990: The small crocodile Bernissartia fagessi from the Lower Cretaceous of Galve (Te-
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Summary

In previous studies workers applied the methodology of the traditional evolu-
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tionary systematics in considering relationships between Hsisosuchus and other croco-
dyliforms. In this study the cladistic methodologies are employed to establish the
phylogenetic relationship of the genus, as in most recent studies on the phylogeny
of various groups of the Crocodylomorpha (Clark, 1986; Benton and Clark, 1988;
Buscalioni and Sanz, 1990; Parrish, 1991; Clark and Norell, 1992; Sereno and Wild,
1992; Wu and Chatterjee, 1993; Wu and Brinkman, 1993; Wu ez al., in press).
Figures 1 and 2 simplify the constituents of the Crocodylomorpha and the Crocody-
liformes in cladistic sense. Although workers disagree about the monophyly of the
traditional Sphenosuchia and the traditional Protosuchia (Clark, 1986; Benton and
Clark, 1988; Parrish, 1991; Sereno and Wild, 1992; Wu and Chatterjee, 1993; Wu
et al., in press), they are in accordance in the paraphyly of the traditional Mesosu-
chia and the monophyly of the Eusuchia. Crocodylomorphs other than the traditio-
nal sphenosuchians, can be referred to a monophyletic group, the Crocodyliformes

(Clark, 1986; Benton and Clark, 1988; Wu and Chatterjee, 1993).

The Poposauridae, represented by Postosuchus (Chatterjee, 1985), was hypothe-
sized by most workers mentioned above as the sister group of the Crocodylomor-
pha. Consequently, Postosuchus and Dibothrosuchus (Wu, 1986; Wu and Chatterjee,
1993), the best known sphenosuchian, are chosen as two successive outgroups when
polarizing the character states used in this study. As mentioned in the earlier pa-
per (Li et al., 1994), Hsisosuchus is morphologically rather primitive in a number
of aspects, such as the presence of a large antorbital fenestra, the paired frontals,
the anterior process of the jugal not so broad, the quadratojugal possessing a broad
dorsal process, and the coracoid much smaller than the scapula. Therefore, the in-
groups considered in the present study include two traditional protosuchians (Prozo-
suchus and Orthosuchus) and an eusuchian (Alligator) as well as Sebecus (the Se-
becidae), Hsisosuchus itself and representatives of the certain traditional mesosuchi-
an groups, such as Pelagosaurus (the Thalattosuchia), Goniopholis (the Goniopholi-
didae), and Bernissartia (the Bernissartiidae). Buffetaut(1979) doubted that the
suborbital fenestra was completely closed in Hsisosuchus. He suggested a close rela-
tionship between Hsisosuchus and Doratodon simply on the basis of the occlusion
of the external mandibular fenestra and morphological similarity of the mandible.
However, as he mentioned in the paper, in Doratodon the suborbital fenestra is de-
finitely present, the pterygoid is not specialized, and the snout is quite short in
comparison with that of Hsisosuchus. No further comparison can be made between
Doratodon and Hsisosuchus because of the very fragmentary material of the former.
On the other hand, the closure of the suborbital fenestra in the latter has been de-
monstrated by the new material and the occlusion of the external mandibular fene-
stra often occurs in groups of the Crocodyliformes that are not closely related. It
is difficult at present to believe that Doratodon and Hsisosuchus have close affini-
ties without sharing any unique derived character. Considering the very poor preser-
vation and the reasons addressed above, Doratodon is not included in the present
phylogenetic analysis. The definition of each genus and higher taxon included here
follows Benton and Clark’s study (1988) unless explicitly stated otherwise.

The data set used in the present study consists of fifty-four characters (Table
1), which are derived from those used in the most recent papers on the phylogene-
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tic relationships of crocodylomorphs (Clark, 1986; Benton and Clark, 1988; Wu and
Chatterjee, 1993; Wu ez al. in press). Since our purpose is to try to establish the
phylogenetic relationship of Hsisosuchus rather than relationships between all croco-
dyliform groups, we only considered the characters that can be scored to Hsisosu-
chus in building the data matrix. We run the data set in the PAUP computer pro-
gram (version 3.0s) and get two equally parsimonious trees (treelength = 103, con-
sistency index == 0.670). These two trees are in congruence in all branches except
for Hsisosuchus and the Thalattosuchia, represented here by Pelagosaurus (Fig. 3).
The present data set cannot resolve the relationships between these two taxa.

Although Hsisosuchus retains a number of primitive features of the Crocodyli-
formes, it i1s not closely related to the Protosuchia because of the lack of a suite
of unique derived characters of the latter: such as no distinct distal portion of the
quadrate (character 22), the presence of large pneumatic spaces within the ptery-
goid (character 30), and the large and broad basisphenoid (character 33). The de-
rived states of characters 13 (very small infratemporal fenestra) and 20 (the pre-
sence of a groove along the ventral margin of the pterygoid ramus of the quadrate)
in the Protosuchia (here in Protosuchus) and Hsisosuchus are considered by the pre-
sent analysis to be convergent phenomena. Similarly, the derived state (1) of cha-
racter 42 (symphysis of the lower jaws moderate long, reaching to the seventh to
ninth dentary teeth) was independently achieved in the Protosuchia, Hsisosuchus
and the Sebecidae.

The present analysis suggests that both Hsisosuchus and the Thalattosuchia are
more derived than the Protosuchia. The former two are referred to the Mesoeucrocodylia
because they share five unequivocal synapomorphies: palatines taking part in formation
of secondary palate (character 26); palatines meeting along midline (character 27);
pterygoid fused posterior to choana (gharacter 28); cranio-quadrate canal closed by
bones (character 36); and presence of a large palpebra (character 47). Character 47
is uncertain in Pelaegosaurus, Notosuchus and Goniopholis, so its consistency index
is 0.5. Characters 26—28 and 36 were also considered by Benton and Clark’s analysis
(1988) to be synapomorphies of the Mesoeucrocodylia.

According to the present analysis, Hsisosuchus and the Thalattosuchia are the
most primitive mesoeucrocodylians because they lack the following five derived cha-
racters shared by all the other mesoeucrocodylians, i.e. Benton and Clark’s Metasu.
chia: frontals fused (character 8); anterior process of jugal twice as broad as poste-
rior process (character 17); contact of quadrate with squamosal and paroccipital pro-
cess broad (character 37); cranial nerves IX and X-XI coming out of exoccipital
through different foramina (character 38); and ventrolateral portion of exoccipital
narrow (character 40—reversal).

Of the present data set, characters 30, 47 and 48 are unknown in the Thalatto-
suchia, If the uncertainty of characters in other taxa considered here is ignored,
these three character would be responsible for the unresolved relationship between
Hsisosuchus and the Thalattosuchia. It has been documented that the derived state of
of character 30 (large, pneumatic spaces within the pterygoid) is only present in
some members of protosuchians among known crocodyliforms (Clark, 1986; Wu ez
al., in press), while the derived state of character 48 (some vertebrae procoelous)
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occurs first in quite advanced noneusuchians. It is possible that, like Hsisosuchus,
the Thalattosuchia may have retained a primitive state in these two characters. How-
ever, it is difficult to appraise the characteristic state of character 47 in the Tha-
lattosuchia because this character is related to the number of the palpebra, which
is not generally preserved and is not consistent within crocodyliforms. Thus, we
assume that characters 30 and 48 show a primitive state and character 47 remains
unknown in the Thalattosuchia, and then rerun the data set in the PAUP program.

The new result is same as the previous one two cladograms show conflict in the
relationships between Hsisosuchus and the Thalattosuchia.

It is evident from the previous two analyses that character 47 (possessing one
palpebra) is considered to be one of the synapomorphies of the Mesoeucrocodylia
including the Thalattosuchia and Hsisosuchus. This means that the two previous
analyses have already assumed that character 47 is derived in the Thalattosuchia.
Therefore, when the primitive state of character 47 (possessing two palpebrae) is sco-
red for the Thalattosuchia (meanwhile the uncertainty of character 30 and 48 rema-
ins), the result from the reanalysis differs from that of the previous two, only
one most parsimonious tree being produced. This tree suggests that Hsisosuchus is
more derived than the Thalattosuchia. Actually, there is no way to eliminate the
possibility of the presence of two palpebrae in the Thalattosuchia. Consequently, we
believe that the members of the Thalattosuchia are the most primitive mesoeucroco-
dylians on the basis of the known evidence.

The present study clearly indicates that Hsisosuchus is not closely related with

Sebecus (the Sebecidae). Seven unequivocal characters suggest that Sebecus is much
more derived than Hsisosuchus. They are characters 7 (closure of antorbital fenes-
tra) and 25 (posterior edge of quadrate greatly curved to form an incisura otica) as
well as the five synapomorphies that define the Metasuchia here.

The present analysis yields the following conclusions: (1) in contrast to previous
hypotheses, Hsisosuchus has no close relationship with the sebecidae; (2) Hsisosu-
chus is much more primitive than the Sebecidae, but it is not a protosuchian; (3)
Although phylogenetic relationships between Hsisosuchus and Thalattosuchia are unre-
solved, it is clear that they are the most primitive mesoeucrocodylians; (4) Hsiso-
suchus might be more derived than the Thalattosuchia if the latter possessed two
palpebrae, and (5) the systematic position of Hsisosuchus is as follows:

Crocodylomorpha Walker, 1970
Crocodyliformes Clark, 1986
Mesoeucrocodylia Whetstone and Whybrow, 1983
Hsisosuchidae Young and Chow, 1953
Hsisosuchus Young and Chow, 1953

Table 1 List of the characters used in the phylogenetic analysis “0” indicates

primitive character states; ¥1—57 indicate derived character states

1 Snout narrow and longer than rest of skull (from anterior border of orbit to posterior edge of
occipital condyle) (0); broad but longer than rest of skull (1); narrow but shorter than rest
of skull (2); relatively broad and shorter than rest of skull (3); or nearly twice, or more than
twice as long as rest of skull (4).

2 Lateral margin of maxilla straight (0); sinusoidal, showing one or more waves (1).
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16
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18
19
20
21

22

24
25
26

28

29

30
31

32

33

34

35

36
37

38

39
40
41
42

Teeth homodont (0); teeth heterodont, with some much larger than others (1).

Lateral margin of maxilla having one wave (0); having two or more waves (1).

Maxillary and posterior dentary teeth compressed, recurved, and serrated or denticulated (0);
the teeth nearly conical, constricted near the base, and lacking serrations or denticulations(l).
Palatal processes of maxillae separate along midline (0); meeting with one another (1).
Antorbital fenestra present (0); very small or closed (1).

Frontals separate (0); fused (1).

Postfrontal present (0); absent(1).

Postfrontal absent, frontal entering supratemporal fossa (0); frontal nearly or entirely excluded
from supratemporal fossa (1).

Postorbital bar broad, sculptured (0); unsculpted and lightly insert from body of jugal (1); or
deeply inset from body of jugal and columnar (2).

Postorbital/parietal contact posterolateral to frontal absent (0); present (1).

Infratemporal fenestra large (0); very small (1).

" Posterolateral process of squamosal short (0); elongated (1).

Squamosal relatively thin (0); thick (1).

Descending process of squamosal present (0); absent (1).

Anterior process of jugal slightly broader than posterior process (0); very broad, nearly twice
as wide as posterior process (1).

Quadratojugal broad dorsally (0); narrow dorsally (1).

Ventrolateral contact of exoccipital with quadrate narrow (0); broad(l).

Pterygoid ramus of quadrate flat along its ventral edge (0); deeply grooved(l).

Contact between quadrate and basisphenoid absent (0); present (1).

Distal portion of quadrate body distinct (0); indistinct, showing a medial connection of qua-
drate body with ventrolateral surface of braincase just above condyle (1).

Quadrate body solid (0): its anteroventral surface hollow out and marked by a strong crese(l);
or quadrate body hollow, with one or more fenestrae on its posterodorsal surface (2).

More than two fenestrae on posterodorsal surface of quadrate body (0); two or less (1).
Posterior edge of quadrate gently curved (0); strongly curved to form an incisura otic (1).
Palatine taking no part in formation of secondary palate (0); participating in secondary palate
.

Palatines separate along ventral midline (0); meeting with one another (1).

Pterygoids separate posterior to choanae (0); fused(l).

Choana anteriorly positioned or located between palatines and pterygoids (0); nearly or entirely
within pterygoid (1).

Large pneumatic spaces within pterygoids absent (0); present (1).

Basioccipital lacking well-developed bilateral tuberosities (0); having well-developed pendulous
tuberosities(1).

Ventral border of trigeminal foramen formed entirely by laterosphenoid and prootic (0); entirely
formed by quadrate and laterosphenoid (1); or entirely formed by quadrate and pterygoid(2).
Basisphenoid small or similar to basioccipital in size (0); larger and broader than basioccipital
.

Exposure of basisphenoid on ventral surface of braincase longer than basioccipital (0); shorter
than basioccipital (1).

Basisphenoid exposed on ventral surface of braincase (0); unexposed on ventral surface of
braincase(l).

Cranio-quadrate canal open(0); enclosed by bones(1).

Contact between squamosal, quadrate and paroccipital process lateral to cranio-quadrate canal
narrow(0); broad(1).

Single foramen for cranial nerves IX and X—XI (0); separate foramina for cranial nerves IX
and X—XI(1).

Broad concavity on lateral surface of ventrolateral part of exoccipital absent (0); present (1).
Ventrolateral part of exoccipital narrow (0); broad (1).

Prootic/paroccipital process contact broad (0); very narrow (1).

Symphysis very short (0); moderately elongate, reaching to the seventh—ninth dentary teeth (1);
or greatly elongate, longer than postorbital region of skull (2).
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43
44
45

46
47
48
49
50

51
52
53

54

Splenial excluded from symphysis (0); involved in symphysis (1).

Dorsal margin of surangular flat (0); arched (1).

Retroarticular process relatively robust, short, ventrally positioned and pointing posteroventrally
(0); a posteromedial process of retroarticular process present, pointing anterodorsally (1); retro-
articular process absent (2); retroarticular process long, dorsally positioned and pointing poste-
rodorsally (3); retroarticular process small, ventrally positioned, pointing ventromedially (4);
or retroarticular process short, paddle-shaped, pointing posteroventrally (5).

External mandibular fenestra present (0); reduced as a slit or entirely closed (1).

Two palpebral ossifications (0); one large palpebral ossification (1).

Vertebrae amphicoelous or amphiplatyan (0); some of vertebrae procoelous (1).

Coracoid much shorter than scapula (0); coracoid nearly as long as scapula (1).

Scapula having a relatively broad dorsal part and its anterior and posterior edges incurred to
a similar degree (0); its anterior edge incurred to a greater degree than its posterior edge (1).
Limbs relatively slender (0); relatively robust (1).

Anterolateral process of dorsal osteoderms absent (0); present (1).

Two longitudinal rows of dorsal osteoderms (0); more than two longitudinal rows of dorsal oste-
oderms(1).

Some or all dorsal osteoderms imbricated (0); osteoderms sutured to one another or isolated (1).




