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Abstract

The Shishugou Formation in the Junggar Basin was deposited during the late Middle
Jurassic to the early Late Jurassic. It is known as a rich source of vertebrate fossils, including
specimens of several different kinds of theropod. Here we report an isolated theropod left
metatarsal [V (IVPP V 18060) from the upper part of the Shishugou Formation, exposed at the
Wucaiwan Locality in the northeastern part of the Junggar Basin. Based on comparisons with
the fourth metatarsals of other theropods, we refer this specimen to Allosauroidea. Similarities
to the equivalent bone in other allosauroids include: the proximal end has a subtriangular
outline with a tongue-like, posteriorly directed posteromedial process; the shaft has a gentle
outward curve; a semi-lunate concave of muscle attachment is present on the posterolateral
side of the shaft; and the cross-section of the shaft is triangular. Within Allosauroidea, V 18060
is most similar to the fourth metatarsal of Sinraptor dongi, a taxon that occurs in the same
formation in the Jiangjunmiao area of the Junggar Basin. V 18060 displays several specific
resemblances to S. dongi: the outline of the distal end is subtrapezoidal; the depression for
muscle attachment on the posterior side of the shaft that borders the shaft’s lateral side lacks a
well-defined ridge. However, V 18060 also differs in some respects from the fourth metatarsal
of S. dongi: V 18060 is much more robust, and the lateral condyle on the distal end is smaller
than the medial one. These morphological differences could be ontogenetic variation or due to
sexual dimorphism, taxonomical variations. We prefer the interpretation that V 18060 is a new
species that has a close relationship to S. dongi, and a cladistic analysis based on the morphology
of metatarsal IV supports this inference. The discovery of V 18060 suggests that the theropods
from the Shishugou Fauna are more diversified during the Mid-Late Jurassic than previously
thought. The presence of different sinraptorid species in the neighboring areas of Wucaiwan
and Jiangjunmiao points to the possibility that these two regions within the Junggar Basin were

geographically isolated or ecologically distinct from one another during the Mid-Late Jurassic.

Key words Junggar Basin, Mid-Late Jurassic, Shishugou Formation, theropod,
metatarsal
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A, V180601 FG H AR ¥ e (A A A P IR A 5 s it O T R B R M, B TR ERAL
P 4T 5 0 L5 R S 2 TP OIS o (HR, V180601 & rh AR ¥ o I AE 7E 3 — S8 ] i 1y X
Sil: V18060 i LU #E [C A AR 15 e 155 DU BRI ., Jm o N AR R /N2 A B . X BT
BESATREREH TMEE T B MAOEE R, WalaeR Iz WA T
S5 VUER B A ME BT 5> LR G2 W 4 S B A 7] J — FP A RE . V1806018 — A ANIF]
TH AR S 53 R4 0 RARE R 1 S22 e . SHbRH A B I T g k%
ARSI RE ST 53 5 o A FOR TS R 22 b DX R AR [R) A rh AR 5 e 22
FE7R T MR TS S R S PR AT b DX P BBAFAE 3 — 2 (AR 2500 S o B R 5
KB MEME/RAH, hER PR, ARAA, BRSERE, ME

RESESES: Q915.864 ICEAFRINALE: A XEZRS: 1000-3118(2013)01-0029-14

H20004F 24, ERLE Bt BHESh Y 50 AR5 I 5 36 [ TR if AR i iR 2 21
IR G 75 58 N — ELAE B S e IR 2 Rk i T R B 5 206 5y, TR X ENE /R
T TR TS A A i X )12 tH FR A YA A T T IR AR, SRAE R ) Hb 2
b A9 2= okl MOCHRIERATE T RS 8. RIMFLC T . wizlahy .
FRAZIE 6N RIS BB (GR) . IXEEEFAN TAERIA I ZE NSRS 1738
ATXF AR I IA(Eberth et al., 2010), HAEHE T FRATTR T4 1 FH 2R p J e R0
AEHIAIR(Clark and Xu, 2009a; Xu et al., 2010),

AP R —E N TR THER /R G AR REAHTU, 24T LRP S ihad
Z b, WY AER RS IE . AREAIES0~700 m, EE ALK KIE ML AR
Wi R a2, TEIewbn iR o Al —Mepk o BB FaEgiil itk
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R DI — B TR, EERACR MR D ) — B DO (P [ b 2 L4 22 25, 2000; Hr i
AeEIR G X X 2R B 4, 1981), R EIHE1987)HT F F B Ak A 4
RS, HEFBa 2 RS, HiX— %A 2] 1283 (Eberth et al.,
2001), ITAESRAIIFFT 0, A A A 41 A% Hi B 440 B AR A rp R 2 i JE 25 B g 1k 20 1
{HAE S A AR X AR R, T B RR Tk P e e i, 130 R BR T i 0ok 25 i a5 R
(Eberth et al., 2010),

AW E SRR . TEMESI RS i A, (A LI am e T EE .
WEASCTE N, CLMERERENY LG EFOREOERUCTT Y . WIlshd . fak
B, BRI BPAS. SRR WL A2 7R (R ).

x1 AMAHECHRENEESENDLA
Table 1 List of the reported vertebrates of Shishugou Formation
Taxa Species Reference Horizon Locality
Xinjiangchelys junggarensis Yeh, 1986 Upper Jiangjunmiao
fameok X macrocentrale Brinkman et al., 2012 ? Wucaiwan
B X. radiplicatoides Brinkman et al., 2012 Upper Wucaiwan
Testudines . .
Annemys sp. Brinkman et al., 2012 ? Wucaiwan
X. chowi Matgke et al., 2005 ? Wucaiwan
ik Sunosuchus junggarensis Wu et al., 1996 Lower Wucaiwan
i Junggarsuchus sloani Clark et al., 2004 Lower Wucaiwan
Crocodylomorpha .
Nominosuchus matutinus Clark & Xu, 2009b Upper Wucaiwan
Lk Yuanotherium minor Hu et al., 2009 Upper Wucaiwan
Tl: rapsida Bienotherium zigongensis Sun & Cui, 1989 Lower Jiangjunmiao
P B. ultimus Maisch et al., 2004 Upper Jiangjunmiao
fo 3¢ Gongbusaurus wucaiwanensis Dong, 1989 Upper Wucaiwan
55 Lo . . . L .
Ornithischia Jiangjunosaurus junggarensis Jia et al., 2007 Upper J 1ang].unm1a0
Yinlong downsi Xu et al., 2006a Upper Wucaiwan
Tienshanosaurus chitaiensis Young, 1937 Upper ?
s Mamenchisaurus sinocanadorum — Russel & Zheng, 1993 Upper Wucaiwan
LT ES _ o
S Bellusaurus sui Dong, 1990 Lower Jiangjunmiao
auropoda
Klamelisaurus gobiensis Zhao, 1993 Lower Jiangjunmiao
Monolophosaurus jiangi Zhao & Currie, 1993 Lower Jiangjunmiao
Limusaurus inextricabilis Xu et al., 2009 Upper Wucaiwan
Sinraptor dongi Currie & Zhao, 1993 Upper Jiangjunmiao
NS Haplocheirus sollers Choiniere et al., 2010a Upper Wucaiwan
Theropoda Zuolong salleei Choiniere et al., 2010b Upper Wucaiwan
Guanlong wucaii Xu et al., 2006b Upper Wucaiwan
. Sericipterus wucaiwanensis Andres et al., 2010 Upper Wucaiwan
Pterosauria
ML Klamelia zhaopengi Chow & Rich, 1984 Upper and lower  Laoshangou
Mammal Acuodulodon sunae Hu et al., 2007 Upper Wucaiwan

AR HE S A AT A6 A e b A A R ] PG gl DX e e R 25 e VR i
PREAEE AL, SR AERAET RIS T RRA I T AR AU S A AT 4L A AR
(Clark et al., 2006; Clark and Xu, 2009b), {7~ Hi B fEEE /R o G A L ARAF T — P h4y
(R 2 e VIR S B, X B e i 24 o AR SR . A4l E 2
HALA ISR, ARSI SR IE SR A B DT A . AR SR A S
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JEJ5(Ceratosauria) . % JEZ(Tyrannosauroidea) . FA[ZK FL2% Jt 25 (Alvarezsauroidea) LA I ffi
2 (Ceratopsia) b A1 7E VMR i S REHH B 10 5% (Peng et al., 2005), A A 2H 2000
JE B Je 2 (Coelurosauria) Fl i e Ak A7 1 & 305 v B ZR AL v e R 20 0 Al A0 25 S0 A
I(Xu et al., 2010), 7R A1H 75 ShRE M AE Wb BRA> X AT RE R 6T v [ bt X,
i ER 2 20 TR R S SR RO 2 T BB EE b2 A, AER b TR ZE R TR
VY7 08 28 5 X e Bty A W b P27 07 T B E— 2B A B IE) o X 1A V) Sl Wi 1 B 4 T
TRARIATR, B B T3 TS Iz 52 it v [ vp W AR 250 2280 S 0 A 8 2 FSFnR T4
BRI AE YL IX R A

AR SCHE B R 1 R 7K 23 M HORE VS L XA R 2 A — S 2SR e AR AR TV PP
V 18060), SAEZARAAURATE 7B VUE, (HEA Al REAER T Mg S a2,
WS T ARSI A . A SCHANZERA I TIE SR, T ENRGE K F AL
B, PN — AR R S,

1 bR

IVPP V 18060fP-AF T — S BE M ZEMEE DU R (K1), K 29355 mm, &+ H Beftia)
R2967 mm, 5K/ AN SISO SE DUBR B A L, V 180603k F LA

V 18060 5 B B I AK . MTui o 1 L = fMJE, fHRim HAARZ135 mm, BB KT
OKATE R SE R o romtl, PSR IMRG o I TR PN G R S N JE 7 i il )
Je M ZEfH

LT = 1 N e TP 1 VO = o w5/ B O N = a1 A 1 S8 /N ey £
FEE T I, B A B i P TR R A T v A — 5 5 B T v A A
PR T = MIE MG, REm v, B TR Mm-S, (B R A SR BT TR R 1)
FE VA AT i — B R AL, KB S TR 3/4 . B T ) v
1240 H—3 2 A IEMBG, nlREACEE = Fnss UL JE WL(M. lumbricalis)fl & 4b . %M
Fa bash e tt, MAR K EAR295.4 mm, 562935 mm. MIFESER B TAMIE, 5H
FISEBRIE T, 55 T AMUh S by A — N B A5, BRI AAAE s i1, (i
BB T 5 R i R IO . MBI EERDRE A3 R B LN A 4/ INeE 4% 5
LB

76 g T Sk v A SR AT AROE R ) TE AR R TR0 R . FE R A B G
T, 43T PN A MR ) A A T AR 1 S i O T A R . BRI, MR ) v
BTN, M e &8, W & R FAMIE e, I s B R

2 HESE
Y WE JR 2 A RV 20 v 2 B Y- IRV B e L4 B e Monolophosaurus (Zhao

and Currie, 1993), " 4E¥% ¢ Sinraptor (Currie and Zhao, 1993), & ¥ Guanlong (Xu
et al., 2006b), JelF ¥ Limusaurus (Xu et al., 2009), & F ¥ Haplocheirus (Choiniere
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Bl 1 IVPP V 180607 % DU & AIIAL(A) . SMIELB). JEHL(C) . BIHA(D). ¥t (B)Flit s i (F),
PLRH PR S DU (G) 3 = (H)FIER (DB s 59 T AH B G R = 8
Fig. 1 Left metatarsal IV of IVPP V 18060, in lateral (A), medial (B), posterior (C), anterior (D), proximal (E)
and distal (F) views, and left metatarsus of Sinraptor dongi, proximal views of metatarsals IV (G), III (H), and
II (TI)(from Currie and Zhao, 1993)
a. the concave with Met III; b. the depression for muscle (M. lumbricalis) attachment on the posterior side of
the shaft; A, B, C, D scale bar=10 cm; E, F scale bar=5 cm
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et al., 2010a)Fl /2 ¥ Zuolong (Choiniere et al., 2010b), DA% IH F ikr AR
IVPP V 15310 (Xu and Clark, 2008). V 18060F4 /N T-# [ rh 48 ¥ o 1E BIFR A (62), /)
TV 15310(MR 4 A KA AR B9 KN e, ATAIV 153108 H 2 R IE 7R 0 E 2 L
T RST fe KA, (H B 52 T HENE IR 2 Hb AR 2 22 b 2 v ) % B LAt 5 A 2 2 T

2 IVPPV 180605 ZF K AREEFIVPP V 1006058 MU PR S #H X E03E 7 bt
Table 2 Comparison of left metatarsal IV of IVPP V 18060 and Sinraptor dongi IVPPV 10060 (mm)

Length Middle transverse width Minimum transverse Proximal Distal =~ Minimum

Specimen (L)  ofshaft in anterior view  width of shaft in width ~ width circumference /1 /M
™M) anterior view ©)
IVPP V 18060 355 67 56 132 79 179 050 53
Sinrapior dongi 35 47 43 109 61 145 039 8.0

IVPP V 10060

N TGNV 18060/ RGN E, FATKFFEV 180607E P Y 127Fh - JHI25
R AL T — AN T4 DU B B AR AE A ERE S R A T R Gk B 0 B FE R (U35 12
A IIEITTRNANRE) . AT L RG24 TNT (Goloboff et al., 2008) X} iK%
PEAT T Mo B R ARS8 S o AL, 28 R AU R, ER 10000k, AR
FELORRM, HA T A SHCR A B8 . KR ITAH B R R 5k T 4518
(Weishampel et al., 2004), oA TEFEXNCE W (Dilophosaurus)IF g ANERE, % &3 M8k
KRR I An], X H R MEIEAT Tomm MR e . SR BN, SRR
# G EE ISV 18060 [F AL — Mg L X RRIT YL FR, HHV 180605 # K H4E
WK FR T NEY] . TSR A T IR K L=31, —8HEF550C1=0.548, f- ¥ 45
HIRI1=0.576)(2).

Dilophosaurus

Ceratosaurus

=} Majungasaurus

Megalosaurus

Torvosaurus

Mapusaurus

Tetanurae Acrocanthosaurus

Guanlong

Condorraptor

Allosaurus

IVPPV 18060

Allosauroidea

Sinraptoridae [———

Sinraptor

P12 AR U B AR AE T R £ RS 2 e S
Fig. 2 Phylogeny tree based on the Met IV of theropod dinosaurs characters
After constraining Ceratosauria as monophyletic group, tree length=31; consistency index (CI) =0.548;
retention index (RI) =0.576
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S AR R I T — AR DU B R AR A, FRATT A S AT DA AT B M Al — s
DRy, BRECR W (Acrocanthosarus), &% g (Mapusaurus) f5&E . (Guanlong), £14%
V 18060 12 HoAth JURH 1 )2 J¢. 2 (Tetanurae) 76 H U1 o 0C 55 1 E A AHRIANE , 5 =
fiIEAR (Currie and Zhao, 1993; Madsen, 1976; Britt, 1991). Rauhut (2005)$# /& % Jp:
(Condorraptor)iL s T JEARFAR Ry “EUZIE” (WL 3), (Hai X baMERe R, I
SAIEE A, H e T TP v ) PO B S A iSUCE E . A
e A e e S U R AT g o 5 TS T DU B (Gilmore, 1920; Currie and Carpenter,
2000), J5# fii Je.(Majungasaurus crenatissimus) W H AR “D” FH(Carrano, 2007).
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Fig.3 Comparison of theropod left metatarsal IV in proximal (top) and distal (bottom) views
A. Dilophosaurus wetherilli (based on UCMP 37302)(Welles, 1984); B. Ceratosaurus nasicornis (based on
USNM 4735)(Gilmore, 1920); C. Majungasaurus crenatissimus (based on FMNH PR 2278)(Carrano, 2007);
D. Megalosaurus bucklandii (Huene, 1926); E. Condorraptor currumili (based on MPEF-PV 1692)(Rauhut,
2005); F. Torvosaurus tanneri (based on BYUVP 5278)(Britt, 1991); G. Sinraptor dongi (based on IVPP V
10600)(Currie and Zhao, 1993); H. Allosaurus fragilis (Madsen, 1976); 1. Acrocanthosaurus atokensis (based
on NCSM 14345)(Currie and Carpenter, 2000); J. Mapusaurus roseae (based on MCF-PVPH 10834)(Coria
and Currie, 2006); K. Guanlong wucaii (based on IVPP V 14532); L. IVPP V 18060
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V 180605 A B MR B HA 2 BAIRIE. hAEd e . SISV 180607E T
Ui ST T A AN AR I MIBEES s RS AN S Z Al B T
. RAEV 180603 iiAT BB, (EAT AT ISR 2 5 IOl AT 5 i AE s e FL S dd e — ke
B 1) Je SEfR R RA Y, AME B T AR,

SEFREHED, V 18060F T 5 AR IR SRR, WM AMIE S, (B
Hh AR I A IACE e . M2 e FASE fii g (Carrano, 2007). B 15 &R & WL M6
X3k, V 180605 A e F S EF B EA MRIRIEAR, B A, & TR =&
WAL, B =M, RNEZALETV 180608 A , (B AHERR 2 5 WIRA7Hr
JEJE R . 1 B4 e (Megalosaurus ) FIVR I 25 5 ek #8421 [RE (Benson, 2010;
Rauhut, 2005),

HIP TV 180605 Hh e s i R JE Hh A s e B L, BT T R 2 A
RURFTIE

V 180605 HHEHS e B AMUZS L, 595 R [T, 144 4 s R S A A0 i 51 A
W51y 2 2 [ 430 i

V 18060F1 rh A e HA ALY B T 5 ERNLA MBAZEHE , (HV 1806014 M5 [X I 5 B2
B e (AR E2.5 em x 10 cm, V 18060°43.5 cm x 9.5 cm), Wi MG MU AI7E M T
NG LEA, A AT A AR, SR 2 & RS A 13 F11/2,
AR WA 2 B 2B TP ORI 1E14), V180601 L Hh 48 5 e i I & o
V 180605 ey MG E RS 0T o . AN E L, RAA SR M a1
Hrut, 2EmEERE; mhesE. Sre . BEABUEMEIESV 18060—FY
SRR MR 2, TG M58 A M S0 o P R, S TP ROIRES

V 180603 C 1T B R BEIE ,  Jz0vi T P AN )2l U 2R B S, PN i A
TS TR ANV S/ INAS SR ARG 2 I M i ¥ ety U166, 3R i 5 R e s TR AR
717 S A 0 RS 7 i S5 DN AMIF) Y T B Y S 5 B G, 1R 5 e S By T B AN &
B, MEIE(Torvosaurus)F A & 08 55 W) LB A BT 66 o

4 border line
border line

depression ridge

B4 B e BB =i ULA TR (55— FER DU RIAE ) i1 P 2R 8
Fig. 4 The depression for muscle (M. lumbricalis) attachment on the posterior side of the shaft’s border line
A. Mapusaurus roseae, based on MCF-PVPH 10834, closed; B. Allosaurus fragilis, 3D model, opened;
C. IVPP V 18060, open over 50% of its length
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V 18060t HA — LA MARARRAE . . B a3 SR IVIRG , 1 A0 2
A DY BAE AR s V18060 /Y 28 3 G 15 Fif f [n] 5 N AMIH B 235128 718179 mm,
A TR BE W/ INTF N AMIN B, Tl B3 U e A1 i) 22 500 EE RIS 55 DU B - 250 o PR M
BE/NFRTE R . V18060378 v 2 B — A~ EES A i HDHABETE . SR e AR it )k —
ARBU =S, PEERANT F 20, MG W e . fERmEE N L,
V 180605 JFUhR XA JB—HF, At ZMUERISF MR, 1 A s Je A 2 o

HRAR TS E IE BUBRAS S DURR 5V 18060548 — 2L R [R] . V 180607 T HUH 2 it #d
e e, FRAOTE A T 2K 58 T b ) AR DR TR R B A X 43
V 18060 LLAE 5.3, FEARS ad S I e i, A LU e W A (S e A AH: LB R4.3),
1M AR ES e FAE A 8.0; PR3 428 i & 15 /NI BR R /N2 S A s R AR 5 i 3t o K17 P R
INRAMIN, TV 18060-24M KR IN/IN; V18060 T 5 7 M e e s e NI AR B B . 3%
A XS Z R A RE TR B ERA, JREAET e e FAUBR A S U B
5V 18060 K FEAEHHEE, 8/ P AT BeAb TAHIE /MR R B B .

FATHEEV 1806019 2= R AT HEAC R THEXUE 25 . Wi A MIWF5T /R — 26 H 2%
R n BERE %38 1 3k J5 B AR ERAE R XA XUE . Horf, Raath (1990)i 53 X 404 B2
(Megapnosaurus rhodesiensis)I R . &7 MCEFIBRCETIER, Fenl 2 Beg iR
&, K53 AN SRR, R HAE R SUE K . i Chinsamy (1990) M) 238 i3 Xt &
PR BB AT H AL 200, % BRAEMDH B B PN A BE W AR R B 4, DU HAR
T AR ER IR S, X S IAE SIRTE ORI R B B4 — B ((Bloom et al., 1941),
A HDH AR SR T MM . X2 I8 (Tyrannosaurus rex)PEXUE B X 43 F WA 3 4
i Carpenter (1990) % BUAEJLAFRIp ) “HUHAL” frAdr, Ap g1 im iR 0248 M 5

CLRHALT FEAEM AR, M CHDHALT B9 AT R s e T A R TR
i} 25 W, W, Brochu, 2003); Carpenter and Smith (2001)38 iz I 5 e ik 5 R IR 5 L
i, 153t EF A S ADHAR, R o B 0 25 5T BB AR T HEXUE, TiiMolnar (2005)
PN RCE AR AT LS I AHEE 22 Larson (1994)35 H 200 A\ 78 e i i (AR FIOL B 5 2 0
PEXUEA B Z (67 UL UL Brochu, 2003), A& I Bt # Larson (1994)Z B LLIX 43

“NENi 15" (Asian troodontids), Colbert (1989, 1990)if it ¥t i & e (Coelophysis
bauri){SkH . FHER . HIBFELE A S A A IR A S F, 8T S i
352, Rowe and Gauthier (1990)EF X & 8 FlG& BRE TS B E 5 /iR IE & L
B, T THEINX A DAL SRl Sk S X B SO R, (R R A SR
AL, MG R ED, S AP A TE 4, WASRETE & HERR 1 REA7AE T
KRN ARAS 57 K 2 (Molnar, 2005), 7EASCH, # [RHPAEE R IEAIFRA 5V 180607E
FEUH R G o O T LA AR 22 5%, ARHEBR AP SUE R AT RE . (H i T AR AR B0RF
A Bz RS GERSITEGE S, B, FRATHELLE E IR PESUE .

FHICTEE LR AR SV 18060 L2 A M REICE NI E LT, XA
LA 7 REFE /R V 1806010 — A~ h s Jr ok 2k o6 RARIT, (H SRS [F] 1 T
Flo BB JR R, X — AWl A f5 5 SE R bR 2 R AN . oAl A i e R
e, g e (Yangchuanosaurus shangyouensis)FIEH 7K )| g (Y. magnus), T AR L%
FEEEDUER R, BMATEARSCHEX 251,




38 HOR OB W 51%

KA F KR AIVPP V 1531009 % PA(Xu and Clark, 2008t 37 15 % 15 b X 77
TE— AR FE R PGPS KR, V 15310824 Al eV 18060[F )8
—ff. ARV 18060(LA KV 15310)iA LA — 1 Hfh, B ATEMENES /K G M /N g DX Bl
(FLRVEA A s AU B FC P A e R A A A S R B 20100 k) AR SR 20K 3
AR AN R 2R, S AR A 2T (L anfa 28 th s T TR REAY R4 (Brinkman et
al., 2012), X —IGRIE/R FR IS FUK 4 A A T BB AR — 8 AR A 22 Pkl 3 o
FEPE M bR PR 5, NI 80T R[] R A8 #s e 8 e B R B b 2R L i B, (Rl F
V 15310F1EE [Crh AR 7S o (4 7= 20 R AR AR 22 A RN, PRI FRAT TS BEHEBR BT 1]
HZEXTE ST =R R . AR R B SRR A BERE . HERE R R 2 22l
b PR AR A S L R X R VS R ZE e Al A i 2 2 T I SRS ) E KA BT R A T
X —IG A

Bt LAEE. BEGRFEMNSAIIRHE T ERHOERETN, BRERIKELLALTE
B At mARER B, Corwin SullivaniB A FAT RIS 2% L FE, TR E5EH &
B3+, Willi HennigF 2% TNT & 408 F $kAF 34080, 18 0308,
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Appendix I Character list
1. Shaft length divided by mid-shaft diameter: (0) >6.9 (slim); (1) <6.9 (robust).
2. Proximal end, lateral side: (0) flat; (1) convex.
3. Proximal end, at the medial side, the posteromedial process: (0) weakly medially directed; (1) strongly
medially directed.
4. Proximal end, posterior side: (0) flat; (1) posteromedial process posteriorly directed.
5. Proximal end, medial side: (0) flat; (1) depressed.
6. Shaft in anterior view: (0) straight; (1) slightly convex laterally; (2) strongly convex laterally.
7. Distal end, shape in distal view: (0) trapezoidal, with anterior side shorter than posterior side; (1) subrectangular.
8. Distal end, lateral condyle’s size: (0) subequal to the medial one; (1) larger than the medial one;
(2) smaller than the medial one.
9. Distal end anteroposterior length compared to mediolateral length: (0) larger; (1) smaller.
10. The depression for muscle (M. lumbricalis) attachment on the posterior side of the shaft: (0) absent
or shallow; (1) deep.
11. The shape of the depression for M. lumbricalis: (0) proximodistally oval; (1) semi-lunate with a
lateral straight edge.
12. The depression for M. lumbricalis, lateral borderline: (0) closed; (1) open over 33% to 50% of its
length; (2) totally opened.
13. The cross-section of the shaft: (0) triangular; (1) semi-circular.

14. Posterior surface of the shaft: (0) flat; (1) concave.
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Appendix II Character matrix of 14 features among 12 taxa of theropod dinosaurus, Dilophosaurus was

taken as outgroup
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