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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 IV (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 

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 

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.
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Table 1 List of the reported vertebrates of Shishugou Formation
Taxa Species Reference Horizon Locality

Testudines

Xinjiangchelys junggarensis Yeh, 1986 Upper Jiangjunmiao
X. macrocentrale Brinkman et al., 2012 ? Wucaiwan
X. radiplicatoides Brinkman et al., 2012 Upper Wucaiwan
Annemys sp. Brinkman et al., 2012 ? Wucaiwan
X. chowi Matgke et al., 2005 ? Wucaiwan

Crocodylomorpha

Sunosuchus junggarensis Wu et al., 1996 Lower Wucaiwan
Junggarsuchus sloani Clark et al., 2004 Lower Wucaiwan
Nominosuchus matutinus Clark & Xu, 2009b Upper Wucaiwan

Therapsida

Yuanotherium minor Hu et al., 2009 Upper Wucaiwan
Bienotherium zigongensis Sun & Cui, 1989 Lower Jiangjunmiao
B. ultimus Maisch et al., 2004 Upper Jiangjunmiao

Ornithischia

Gongbusaurus wucaiwanensis Dong, 1989 Upper Wucaiwan
Jiangjunosaurus junggarensis Jia et al., 2007 Upper Jiangjunmiao
Yinlong downsi Xu et al., 2006a Upper Wucaiwan

Sauropoda

Tienshanosaurus chitaiensis Young, 1937 Upper ?
Mamenchisaurus sinocanadorum Russel & Zheng, 1993 Upper Wucaiwan
Bellusaurus sui Dong, 1990 Lower Jiangjunmiao
Klamelisaurus gobiensis Zhao, 1993 Lower Jiangjunmiao

Theropoda

Monolophosaurus jiangi Zhao & Currie, 1993 Lower Jiangjunmiao
Limusaurus inextricabilis Xu et al., 2009 Upper Wucaiwan
Sinraptor dongi Currie & Zhao, 1993 Upper Jiangjunmiao
Haplocheirus sollers Choiniere et al., 2010a Upper Wucaiwan
Zuolong salleei Choiniere et al., 2010b Upper Wucaiwan
Guanlong wucaii Xu et al., 2006b Upper Wucaiwan

Pterosauria Sericipterus wucaiwanensis Andres et al., 2010 Upper Wucaiwan

Mammal
Klamelia zhaopengi Chow & Rich, 1984 Upper and lower Laoshangou
Acuodulodon sunae Hu et al., 2007 Upper Wucaiwan

(Clark et al., 2006; Clark and Xu, 2009b),
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(Ceratosauria) (Tyrannosauroidea) (Alvarezsauroidea)
(Ceratopsia) (Peng et al., 2005)

(Coelurosauria)
(Xu et al., 2010),

( )

(IVPP
V 18060)

1

IVPP V 18060 ( 1), 355 mm,
67 mm V 18060
V 18060 135 mm,

3/4
1/2 (M. lumbricalis)

95.4 mm, 35 mm

2

Monolophosaurus (Zhao
and Currie, 1993), Sinraptor (Currie and Zhao, 1993), Guanlong (Xu
et al., 2006b), Limusaurus (Xu et al., 2009), Haplocheirus (Choiniere
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1 IVPP V 18060 (A) (B) (C) (D) (E) (F),
(G) (H) (I)

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 (I)(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) Zuolong (Choiniere et al., 2010b),
IVPP V 15310 (Xu and Clark, 2008) V 18060 ( 2),

V 15310( V 15310
),

2 IVPP V 18060 IVPP V 10060

Table 2 Comparison of left metatarsal IV of IVPP V 18060 and Sinraptor dongi IVPP V 10060   (mm)

Specimen
Length

(L)
Middle transverse width 
of shaft in anterior view

(M)

Minimum transverse 
width of shaft in 

anterior view

Proximal
width

Distal
width

Minimum
circumference

(C)
C/L C/M

IVPP V 18060 355 67 56 132 79 179 0.50 5.3

Sinraptor dongi
IVPP V 10060 375 47 43 109 61 145 0.39 8.0

V 18060 V 18060 12
( 12

14 ) TNT (Goloboff et al., 2008)
1000

10
(Weishampel et al., 2004), (Dilophosaurus)

V 18060 V 18060
1 ( L=31, CI=0.548,

RI=0.576)( 2)

2
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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(Acrocanthosarus), (Mapusaurus) (Guanlong),
V 18060 (Tetanurae)

(Currie and Zhao, 1993; Madsen, 1976; Britt, 1991) Rauhut (2005)
(Condorraptor) “ ”( 3),

(Gilmore, 1920; Currie and Carpenter,
2000), (Majungasaurus crenatissimus) “D” (Carrano, 2007)

3 ( ) ( )
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); I. 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 18060 V 18060

V 18060
“ ”

V 18060
(Carrano, 2007)

V 18060
V 18060

(Megalosaurus) (Benson, 2010;
Rauhut, 2005)

V 18060

V 18060

V 18060 V 18060
( 2.5 cm×10 cm, V 18060 3.5 cm×9.5 cm),

1/3 1/2
( 4), V 18060

V 18060
V 18060

V 18060

(Torvosaurus)

4 ( )
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 18060
V 18060 71 79 mm,

V 18060

V 18060
V 18060 V 18060

V 18060 5.3, ( 4.3),
8.0;

V 18060 V 18060

V 18060
V 18060

Raath (1990)
(Megapnosaurus rhodesiensis)

Chinsamy (1990)

(Bloom et al., 1941),
(Tyrannosaurus rex)

Carpenter (1990) “ ”

“ ” “ ” (
Brochu, 2003); Carpenter and Smith (2001)

, , Molnar (2005)
; Larson (1994)

( Brochu, 2003) Larson (1994)
“ ”(Asian troodontids) Colbert (1989, 1990) (Coelophysis 
bauri)

Rowe and Gauthier (1990)

(Molnar, 2005) V 18060

V 18060
V 18060

(Yangchuanosaurus shangyouensis) (Y. magnus),
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IVPP V 15310 (Xu and Clark, 2008)
V 15310 V 18060

V 18060( V 15310)
( 100 km)

( ) (Brinkman et
al., 2012)

V 15310

Corwin Sullivan
Willi Hennig TNT
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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
Taxon 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Dilophosaurus 0 0 0 0 0 2 0 1 1 0 ? ? ? ?
Ceratosaurus 0 0 0 0 0 2 ? 0 0 ? ? ? ? ?
Majungasaurus 0 1 1 0 1 2 0 1 0 0 1 2 0 0
Megalosaurus 0 0 1 0 0 0 0 0 0 ? 0 ? 1 0
Torvosaurus 1 0 1 0 0 0 1 0 0 0 ? ? ? 0
Condorraptor 0 1 1 0 0 1 0 2 0 0 1 ? 1 0
Sinraptor 0 1 1 1 1 1 0 2 0 1 1 1 0 0
Allosaurus 0 0 1 1 1 1 0 2 0 0 1 2 0 0
Acrocanthosaurus 1 1 0 0 0 0 ? ? ? ? ? ? ? ?
Mapusaurus 0 1 0 1 0 0 ? ? 0 1 0 0 ? 0
Guanlong 0 1 0 0 1 ? ? ? ? 0 1 2 0 0
IVPP V 18060 1 1 1 1 1 1 1 1 1 1 1 1 0 1


