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A NEW DROMAEOSAUR (DINOSAURIA: THEROPODA) FROM THE 
EARLY CRETACEOUS MXIAN FORMATION OF 

WESTERN LIAONING 

XU Xing WANG Xiao-Lin 
( Institute of Vertebrate Paleontology and Paleoanthropology , Chinese Academy of Sciences Beijing 100044) 

Abstract A specimen collected from the Early Cretaceous lowest part of Yixian Formation of Liaoning, 
northeastern China, represents a new genus and species of dromaeosauid theropod. It comprises a fragmen- 
tary maxilla with some teeth, a few caudals, almost complete fore limbs, and partial hind limbs and is here 
named Gsaciliraptor lujiatunenris gen. et sp. nov. Distinctive characteristics of the new species include a 
laminal structure connecting the post~ygapoph~ses of middle caudals, middle caudals extremely long and 
slender, small manual ungual I, proximal end of metacarpal III strongly expanded, proximal tibiotarsus shaft 
rectangular in cross section, astragalar medial condyle significantly expanded posteriorly, metatarsal D dis- 
tally much wider than the other metatarsals and long and slender pedal phalanx IIl-1. Being the earliest def- 
initive dromaeosaurid species known to date, G . lujiutmnsis provides new information important for under- 
standing the early evolution of the p u p .  On one hand, G .  lujiatunenszi displays a few features similar to 
those of basal birds, such as caudals significantly elongated, senlilunate carpal small and primarily contact- 
ing metacarpal 11, and manual digit I short, providing further evidence for a close relationship between the 
Dromaeosauridae and the Aves; on the other hand, it is similar to troodontids in some features on the cau- 
dals. The discovery of G . lujiutunenszi also indicates a high diversity of the Dromaeosauridae in the Early 
Cretaceous Jehol Biota. Combined with other lines of evidence, it is inferred that the Dromaeosauridae rap- 
idly diversified taxonomically but remained relatively stable morphologically in the early evolution of the 

group. 
Key words Western Laoning , Early Cretaceous, Yixian Formation, Dromaeosauridae 

1 Introduction 

Originally discovered from the Late Cretaceous North America (Matthew and Brown, 1922),  
dromaeosaurids are now known to have a much wider distribution both geographically and stratigraph- 
ically ( Osborn, 1924; Sues, 1978; Barsbold , 1983 ; Kirkland et a]. , 1993 ; Perle et al . , 1999; 
Xu et al. , 1999, 2000) . The earliest fossils definitively referable to the Dromaeosauridae are from 
the shales of the lower Yixian Formation (Xu et al. , 1999; Ji et al. , 2001 ) , which is dated as 
about 125 Ma (Swisher et al. , 1999). Here we describe a new dromaeosaurid specimen that was 
collected from the lowest part of the Yixian Formation that is at least 3 rnillion-year older than Sinor- 
nithosaunu -fossil-bearing beds (Swisher et al. , 2001) . It is therefore the oldest definitive dromaeo- 
saurid, and allows us to review the distribution of some characters that are important for understand- 
ing the early evolution of the Dromaeosauridae. 

2 Systematic paleontology 

Theropoda Marsh, 1881 
Maniraptora Gauthier , 1986 

Dromaeosauridae Matthew et Brown, 1W2 
Graciliraptor lujiatunensis gen . et sp . nov . 

(Figs. 1 - 3 )  

Holotype N P P  V 13474 ( Institute of Vertebrate Paleontology & Paleoanthropology, Bei- 



jing) , a fragmentary maxilla with some teeth, a few caudals , almost complete forelimbs, and partial 
hindlimbs . 

Ed 1 E%G~T*~~B&(%E$AF~M)XB$~$(IWP V 134741, tt@JR = I cm 
Fig. I Holotype of Gracilirqtor 1~iatunemi.s gen. et sp. nov . ( IVPP V 13474) , scale bar = 1 cm 

A .  k+fi&91.1flI]%! some maxillary teeth in lateral view; B . 9 %B@%@, dorsal view of middle caudals; C . 
%E#@$% ventral view of middle caudals 

i $ j ? ~  fla Abbreviations: 1. lamina #fi%gF!i&l ; pz . postzygapophysis G%T5? ; rc . rod- like extensions of caudals 
WB@&~%#Q ; vs. ventral sulcus @$I 

Etymology The generic name is derived from the slender limbs and tail of the animal (gaci-  
lis , L . slender) , and the suffix " raptor1' , commonly used for dromaeosaurid dinosaur names. The 
specific name " Lujiatun" refers to the village near which the holotype was found. 

Locality and horizon Lujiatun, Beipiao City, western Liaoning, China; the lowest member 
of the Yixian Formation ( Hauterivian ; Swisher et a1 . , 1999, 200 1 ) . 

Diagnosis Graciliraptor lujiatunensis can be differentiated from all other known dromaeosaurid 
species based on the following derived features: a lamina1 structure connecting the postzygapophyses 
of middle caudals; extremely long and slender middle caudals; ungual of manual digit I much small- 
er than that of manual digit 11; proximal end of metacarpal 111 strongly expanded; extremely slender 
tibiotarsus; proximal tibiotarsus shaft rectangular in cross section; astragalar medial condyle signifi- 



cantly expanded posteriorly; metatarsal I1 distally much wider than the other metatarsals; and long 
and slender pedal phalanx III- 1 . 

3 Description 

The holotype of G .  lujiatunensis might represent an adult animal as indicated by the partial fu- 
sion of the astragalus and calcaneum to the tibia. 

The skull is represented only by a partial left maxilla with a few teeth (Fig. I A) . The anterior 
teeth appear to hav; no serrations on both anterior and posterior carinae, but the tips are all broken 
and these might have been serrated. middle and posterior teeth are similar to those of the ve- 
lociraptorines in that the posterior serrations are significantly larger than the anterior ones (Cunie, 
1995). 

Ten caudals are preserved on the holotype. The centra of the middle caudals are significantly 
elongated (Figs. 1 B , C ) . As in other dmmaeosaurids, the prezygapophyses are extremely long, 
forming bundle-like structures. Unusually a laminal structure is developed connecting the two post- 
zygapophyses, covering the anterior one-eighth of the succeeding caudal. The chevrons attached to 
the middle caudals are similar to those of other dromaeosaurids in forming a rod-like structure except 
for some minor differences such as that both anterior and posterior processes of the chevrons are bi- 
furcated in ventral view and the posterior process appears also to be elongated, though not as elon- 

H 2 E%%%BB&(%R%H)Z@$~;$(IVPP V 13474), tk$!JR = 1 cm 
Fig. 2 Holotype of Graciliraptor Lujiatmnsis gen. et sp. nov . ( IVPP V 13474) , scale bar = 1 cm 

A. &mE right forelimb; B .  Zmk$'i left forelimb 
I@?$%% Abbreviations : ce. centrale ; dc. deltopectoral crest Z%fi@ ; ft. flexor tubercle N%T ; 
h.  humerus E B ;  1-1 to 111-4. manual phalanx 1-1 to III-4 tgT 1-1 - m-4; mc I-In. metacarpal 1-111 $j% 1 - $j% 

3 9%; mp. medial projection bflIJ9 ; r .  radius ; ra. radiale &f ly@ @ s .  sernilunate carpal 
S B  fl3BB;u. Ulna RE! 



gated as the anterior process. 
An almost complete right forelimb and a partial left forelimb were preserved on the holotype, 

including some carpal elements (Fig. 2 ) .  The humerus is long and slender, with a relatively short 
deltopectoral crest. The ulna is comparatively long, about 86 % the humeral length, which is prop- 
ortionately longer than that in other dromaeosaurids. The radius is much thinner than the ulna, 
about 53 % the thickness of the latter at the mid-length. The manus is long, about 130 % the 
length of the humerus, a ratio larger than that in other dromaeosaurids (Xu,  2002) . The semilunate 
is small in size compared with most other non-avian maniraptorans, covering only the proximal end 
of metacarpal 11. Metacarpal I is stout and short, less than one third the length of metacarpal 11. 
Metacarpal I1 is long and comparatively robust. Metacarpal I11 is slightly shorter and much thinner 
than metacarpal 11, and is bowed laterally. Unlike in other dromaeosaurids , the proximal end of 
metacarpal I11 is quite deep dorsoventrally , even deeper than that of metacarpal 11. The manual pha- 
langeal formula is 2-3-4 as in most coelurosaurians . Manual phalanx I- l is relatively short. Phalanx 
1-2, the ungual of digit I, is strongly curved, and has a moderately developed flexor tubercle proxi- 
moventally and a lip proximodorsally. Phalanx 11-1 is the most robust of the phalanges. Phalanx II- 
2 is longer than phalanx 11-1. Phalanges of digit 111 are much thinner than those of digit 11. Phalanx 
111-1 is significantly longer than phalanx 111-2. As in some dromaeosaurids, a prominent ventral heel 
is present on the proximal end of phalanx 111-2. 

- Most of the left tibiotarsus i d  part of the right tibiotarsus and femur are preserved ( Figs. 
3A - D) . The most conspicuous feature of the tibiotarsus is its slenderness. The estimated length1 
midshaft-diameter ratio is about 28, larger than that in all known non-avian theropods . The proximal 
end of the tibiotarsus is not preserved and the preserved proximal shaft is sub-quadrangular and the 
distal shaft oval in cross section. In anterior view the fibular crest is straight for most of its length 

El 3 B%%84BlB2(%R%H)X%$T,;P([VPP V 13474), tL@lR = I cm 
Fig. 3 Holotype of Graciliraptor lyiatunensis gen. et sp. nov. ( TVPP V 13474) , scale bar = 1 cm 

A. Zfldj3W#BNF@m$R left tibiotarsus and fibula in anterior view; B . Z4JIIEE#%I9R#B%@ left astra- 
galus and calcaneum in distal view; C. &{fl!KHB#fld@ right tibiotarsus in lateral view; D. GflIIBH#G 
@, right tibiotmus in posterior view; E. &fl3&#@$R left metatarsus in ventral view; F. Zflgg 2 9kflfl@X 

left pedal digit II in medial view; G .  &ill] IIEl $!A III-2 Ekhflq$% right pedal phalanges 111-1 and In-2 
in medial view 

1";14T%,fl Abbreviations : ap . ascending process I f f2  ; c . calcaneum ; f .  fibula flk@ ; fc . fibular crest 
#@ ; gr. groove $$! ; 11- I to III-2. pedal phalanx 11- 1 to pedal phalanx 111-2 9kT II-1 - 111-2 ; lc . lateral con- 
dyle 9E% ; mc . medial condyle m$% ; mt 11-IV . metatarsals II-IV % 2 - % 4 %# ; pvh . pmximoventral heel 

jE@l$iBR%;rd. ridge% 



rather than convex laterally as in most other theropods. The astragalus has a much larger medial con- 
dyle relative to the lateral one, which is significantly expanded posteriorly. 

Both the left and right pes are partially preserved ( Figs. 3E - G )  . In general, the pes is simi- 
lar to that of other basal dromaeosaurids and troodontids in having a partial arctometatarsus (Holtz, 
1994; Xu, 2002 ) . Unlike other dromaeosaurids ( Xu, 2002 ) , metatarsal I1 is distally much wider 
than metatarsals I11 and IV. The distal end of metatarsal I1 is strongly ginglymoid. The shaft of 
metatarsal 111 is subtriangular in cross section due to the extremely narrow ventral margin and it is 
inferred to be similar to some basal dromaeosaurids and troodontids in having a pinched proximal 
end, though its proximal portion is missing. Unlike most other dromaeosaurids, the distal end of 
metatarsal I11 is not ginglymoid. Metatarsal IV is the most slender element among the metatarsals. 
The pedal phalanx 11-1 and 11-2 are much more robust than the other pedal phalanges and the latter 
is longer than the former. The ungual of pedal digit I1 is enlarged as in other dromaeosaurids and 
troodontids . Pedal phalanx 111- 1 is long and slender, about twice as long as the pedal phalanx 11- 1 . 
A noteworthy feature is the medial condyle of the distal end is much larger than the lateral condyle. 

4 Discussion 

Although the holotype, the only specimen of the species, preserves a small part of the skele- 
ton, it does provide many phylogenetic signals. 

The dromaeosaurid status of G .  lujiatunensis is indisputably indicated by the presence of ex- 
tremely elongated prezygaphophyses and chevrons that is unique to dromaeosaurid dinosaurs among 
theropods (Ostrom, 1990; Xu, 2002) . Other features suggesting the dromaeosaurid affinities of G .  
lujiatunensis include: significant size difference between the anterior and posterior denticles on the 
maxillary teeth and manual phalanx 111-2 significantly shortened. Significantly shortened manual 
phalanx 111-2 is a feature previously unnoticed for diagnosing the Dromaeosauridae. Primitively in 
theropods, the length difference between manual phalanx 111- 1 and 111-2 is minor, usually with the 
former slightly longer than the latter. Dromaeosaurids have much shorter manual phalanx 111-2 rela- 
tive to phalanx 111- 1 ( Ostrom , 1969 ; Norell and Makovicky , 1997, 1999; Xu et a1 . , 1999) . Liao- 
ning dromaeosaurids such as Simmithosaum and G ,  lujiatunensis have an even shorter phalanx 
111-2. 

G .  lujiatunensis shows many distinctive features distinguishing it from other dromaeosaurids. 
The most conspicuous feature is that it might represent the most slender skeleton among non-avian 
theropods found to date. In general, coelurosaurians are more slender than other non-avian thero- 
pods. G , lujiatunensis is among the most gracile coelurosaurs. The middle caudals have a centrum 
Lengthlwidth ratio of about 8 . 6 ,  which is the largest among known non-avian theropods ; the tibiotar- 
sus has an estimated lengthlmidshaft-diameter ratio of about 28, suggesting an extremely slender tib- 
iotarsus; most pedal phalanges are elongate relative to the maximum depth or width, without signifi- 
cantly expanded articular ends. These data, together with the data that it is a small sized animal, 
suggest that G .  lujiatunensis is extremely light in build, which represents an important evolutionary 
trend towards birds ( Sereno, 1999 ; Xu et a1 . , 2000) . 

The other diagnostic feature of G .  lujiatunensis include a lamina1 structure connecting the two 
postzygapophyses of middle caudals, small- manual ungual I ,  proximal end of metacarpal 111 strongly 
expanded, the proximal tibiotarsus shaft rectangular in cross section, astragalar medial condyle sig- 
nificantly expanded posteriorly, and metatarsal I1 distally much wider than the other metatarsals. 
Usually in dinosaurs the tibiotarsus shaft is sub-oval in cross section. The proximal section of the 
tibiotarsus shaft bears distinctive ridges between which the shaft is flat, thus forming a rectangular 
cross section. This feature represents an apomorphy for the taxon. The medial condyle of the astra- 
galus of G .  lujiatunensis is significantly enlarged not only anteriorly as in other coelurosaurs but 
posteriorly, and it is about 1 . 7  times as thick as the lateral condyle. The other interesting diagnostic 



feature is metatarsal I1 distally much wider than the other metatarsals. The transverse width of the 
distal articulation of metatarsal I1 is about 1 . 5  times and 2 times that of metatarsal 111 and IV, re- 
spectively. Metatarsal I1 is either subequal to or more slender in robustness than the other metatar- 
sals in most other theropods including other dromaeosaurs. 

Among the known dromaeosaurid taxa , -~aosaurus T~rennosaurus rraaas rex 

G . lujiatunensis is most closely related to - 
two other dromaeosaurids from Liaoning ( Si- 

'A1be*Osaurusl lbra lUS 

Pelecanrmimus polyodon 
- 

Struthiom,mus allus nomithosaum and Microraptor ) because G ~ M ~ ~ ~ ~ ~ s  bullatus 
- Orntlholestes hermanni 

they share a number of derived similarities 
that are absent in other dromaeosaurs. For 
example, radius significantly thinner than 
ulna, ungual of manual digit 111 much small- 
er than that of manual digit 11, manual digit 
I significantly shortened, manual phalanx 
111-2 extremely short, and presence of proxi- 
moventral heel on manual phalanx 111-2. 
Primitively in theropods manual digit I is 
long and robust. G . lujiatunensis is similar 
to Sinomithosaurus and Microraptor in hav- Saummrtho#deS rnongobens~s 

ing a short manual digit I with the ratio of Paraves 1 Mrcmraplor rhaooanus 

the combined length of metacarpal I and - - Dmrnaeosaurus Gracilrraptor /u,,a~unens~s albefienssis 

phalanx 1-1 to metacarpal I1 length less than - Damonychus anllrrhopus 
- Velocrrsptor mongollensis 

1 ; in birds other than Archaeopteryx and 
ConJiLciusomis this ratio is also less than 1 

- Unenlagre comahuensts 
z - ~ d a s a u r u s  mOngOIIenSlS 
- Utahraplor osfmmmaysorum - Seumm,tholesles fangston, - Aohrllobator g!ganticus 

(Chiappe et al. , 1999; Wellnhofer, 1992, 
1993).Therearealsosomepleisomo1phic m 4  ~ ~ ~ t T _ 4 H B & ( ; f f E ~ ; f 3 P ) ~ ~ ~ { h B  
similarities between G . l@atunensis and Fig. 4 A strict consensus tree of 132 most parsimonious 

the other Liaoning dmmaeosaurs. For exam- trees ( tree length = 737 i CI = 0 . 4 3  ; RI = 0.68 ) 

the pedal phalanx 11-2 is not highly ab- showing the phylogenetic position of Graciliruptor lujiatun- 
ensis gen, et sp. nov . 

breviated and the second pedal ungual is The analysis is based on a dataset of 45 taxa and 260 cha- 
P ~ ~ P ~ ~ ~ ~ ~ ~ ~ ~ Y  t' that of mtef i ;  see Xu, 2002 for more detailed information 
most other dromaeosaurs . A phylogenetic 
analysis suggests that all known Liaoning dromaeosaurs including G .  lujiatunensis, Sinomitho- 
s a u m  , and Microraptor form a monophyletic group which is the sister group to all other dromaeo- 
saurid taxa (Fig. 4 ; for details see Xu,  2002) . 

A few characters of G . lujiatunensis deserve comments here. Although the caudals of some tro- 
odontids , some dromaeosaurs , and Archaeopteryx ( Wellnhofer , 1993 ) are not as elongated as those 
of G . lujiatunensis , they are comparatively much longer than in most other theropods . Elongation of 
the middle caudals may represent an apomorphy for the Paraves. In some features, the cau- 
d a l ~  of Graciliraptor are more troodontid-like than dromaeosaurid-like. The middle caudals have no 
neural spine, instead they bear a shallow groove on the dorsal surface; ventrally the middle caudal 
bears a deep sulcus. These features are all seen in middle caudals of troodontids and provide further 
evidence for a close relationship between dromaeosaurids and troodontids . On the other hand, G . 
lujiatunensis displays a few avian features. Primitively in theropods the thickness difference between 
the ulna and radius is minor. The ratio of diameter of radius shaft to ulna shaft is approximately 0 . 8  
in Allosaum , 0 . 9  in Gallimimus , 0 . 8  in oviraptorosaurs , 0 . 9  in therizinosauroids , and more than 
0.8  in most dromaeosaurs and troodontids . In more basal theropods the radius is subequal to the ul- 
na in thickness. In birds, the radius becomes significantly thinner than the ulna, with a ratio of less 
than 0.7  ( Chiappe et al . , 1996) . Archaeopteryx retains the primitive condition, with a ratio of 



about 0 . 8 .  The radius is very thin in G . lujiatunensis , like other dromaeosaurs from Liaoning, less 
than 60 % as thick as the ulna, which is a feature seen in advanced birds (Chiappe et al. , 1996) . 
The size and position of the semilunate carpal are variable among maniraptorans. The semilunate is 
large and covers proximal ends of both metacarpal I and I1 in most non-avian rnaniraptorans and Ar- 
chaeopteryx, though in the latter taxon it is more centered on metacarpal I1 (Martin, 1991) . In most 
b i d s  such as Conjkiusomis ( Chiappe et al. , 1999), it is small and fused with proximal end of 
metacarpal 11. The semilunate carpal of G .  lujiatunensis displays a derived condition among ma- 
niraptorans in having a small-sized semilunate which articulates to the proximal end of metacarpal 11. 
A pronounced projection is present on the proximal end of metacarpal I .  This projection is medially 
positioned and forms a smooth convex articular surface of the metacarpus together with the proximal 
end of metacarpal 11. This feature is also seen in some basal b ids  and may represent a further modi- 
fication toward a fully flexed m. The discovery of G .  lujiatunensis as well as other dromaeosaurs 
from Liaoning provides further evidence for a close relationship of the Dromaeosauridae, Troodontid- 
ae and Aves . On one hand, new discoveries further shorten the morphological distance between the 
groups ; on the other hand, they bring more incongruence among these groups, suggesting an uneven 
evolution toward the transition to birds. 

G .  lujiatunensis represents the fourth named dromaeosaurid taxon from the Jehol Biota, sug- 
gesting that the dromaeosaurids highly diversified in Early Cretaceous. The temporal distributions of 
the three paravian groups combined with character distributions among the basal dromaeosaurids and 
troodontids indicate that the basal deinonychosaur split might not be significantly earlier than Hau- 
terivian, possibly in the earliest Cretaceous ( Xu and Wang , in submission) . If this is the case, the 
Dromaeosauridae possibly had a relatively rapid taxonomical diversification within the Early Creta- 
ceous. However, the known early dromaeosaurids are similar in morphology, suggesting a relatively 
slow morphological change. Interestingly, the Troodontidae , which was suggested by many studies to 
be the sister-group of the Dromaeosauridae ( Gauthier , 1986 ; Sereno, 1999 ; Xu, 2002 ) , seems to 
have a rapid rate of character evolution at the base of the group (Xu and Wang, in submission). 
These data suggest that the two deinonychosaurian groups might have different evolutionary patterns 
in their early history. 

Acknowledgments We are grateful to Prof. J .  L. Li, Drs. J .  Clark, M .  Norell, X.  C .  Wu, K.  
Q Gao, Z. H .  Zhou, D. S. Miao, M .  M .  Zhang and Z .  M .  Dong for reading the manuscript and 
valuable comments, Long Bo for the preparation of the specimen, and Yong Xu for the illustrations. 
Thanks also go to the members of the Liaoxi expedition team of the IVPP for help in collecting the 
specimen. Finally, the author would like to acknowledge support from National Natural Science 
Foundation of China, the Special Funds for Major State Basic Research Projects, National Geo- 
gaphic Society, and the Chinese Academy of Sciences. 

References 

Biusbold R,  1983. Carnivorous dinosaurs from the Cretaceous of Mongolia. Trans Joint Soviet-Mongol Palaeont Exp, 19: 1 - 116 (in 

Russian) 

Chiappe L M, Ji S A, Ji Q et al .  , 1999. Anatomy and systematics of the Confuciusomithidae (Thempod: Aves) from the late Meso- 

zoic of Northeastern China. Bull Am Mus Nat Hist, 242: 1 - 89 

Chiappe L M ,  Norell M A ,  Clark J M ,  1996. Phylogenetic position of Mononyh ( Aves: Alvarezsauridae) fmm the Late Cretaceous 

of the Gobi Desert. Mem Qld Mus , 39 : 557 - 582 

Currie P J,  1995 . New information on the anatomy and relationships of Dromaeosaum albertemis ( Dinosauria: Thempoda) . J Velt 

Paleont , 15 : 576 - 591 

Gauthier J A ,  1986. Saurischian monophyly and the origin of birds. Mem Calif Acad Sci, 8: 1 - 55 

Holtz T R Jr , 1994. The phylogenetic position of the Tyrannosauridae : implications for the thempod systematics. J Paleont , 68: 11OO 



- 1117 

Ji Q,  Norell M A, Gao K Q et al. , 2001. The distribution of integumentq simctures in a feathered dinosaur. Nature, 410: 1084 

- 1088 

Kirkland J I ,  Burge D,  Gaston R ,  1993. A large dromaemiur ( Theropod) from the Lower Cretaceous of eastern Utah. Hunteria, 2: 

2 -  16 

Martin L D , 1991 . Mesozoic birds and the origin of birds. In: Schultze H P , T ~ e b  L eds . Origins of the higher groups of tetrapals. 

Ithaca and London : Comstock Publishing Associates. 485 - 540 

Matthew W D,  Brown B B, 1922. The family Deinodontidae, with notice of a new genus From the Cretaceous of Alberta. Bull Am 

Mus Nat Hist, 46: 367 - 385 

Norell M A, Makoncky P J, 1997. Important features of the dromaeosaur skeleton: information from a new specimen. Am Mus Novit, 

(3215): 1 - 28 

NoreU M A, Makovicky P J, 1999. Important features of the dromaeosaurid skeleton 11 : information from newly collected specimens of 

Velociraptor mongoliensis . Am Mus Novit , (3282) : 1 - 45 

Osbom H F, 1924. Three new Thempoda, Protmmatops zone, central Mongolia. Am Mus Novit, (144) : 1 - 12 

Ostmm J H ,  1969. Osteology of Deinonychus antirhopus, an unusual thempal fmm the Lower Cretaceous of Montana. Bull Peabody 

Mus Nat Hist, Yale Univ, 30: 1 - 165 

Ostrom J H , 1990. Dromaeosauridae . In : Weishampel D B , Dodson P, Osrnolaka H eds . The dinosaurian. Berkeley: Univ Califor- 

nia Press. 269 - 270 

Perle A, Norell M A ,  C l d  J M , 1999. A new rnaniraptoran thempal Achillobator giganiicus ( Dromaemauridae) fmm the Upper 

Cretaceous of Burkhant, Mongolia. Ulan Bator: National Univ Mongolia. 1 - 105 

Sereno P C, 1999. The evolution of dinosaurs. Science, 284: 2137 - 2147 

Sues H D, 1978. A new small theropcd dinosaur from the Judith River Formation ( Campmian) of Alberta, Canada. h l  J Linn Soc , 

62: 381 - 400 

Swisher C C , Wang Y Q , Wang X L et al . , 1999. Cretaceous age for the feathered dinosaurs of Liaoning , China. Nature, 400: 58 

- 61 

Swisher C C,  Wang X L, Zhou Z H et al. , 2001. Further support for a Cretaceous age for the feathered-dinosaur beds of Liaoning, 

China: new 40~r/39Ar dating of the Yixian and Tuchengzi formations. Chin Sci Bull, 46(23) : 2009 - 2013 

Wellnhofer P, 1992. A new specimen of Archaeopteryz from the Solnhofen limestone. Sci Ser Nat Hist Mus, Los Angelos County, 36: 

3 - 23 

Wellnhofer P ,  1993. Das siebte Exemplar von Archaeopte7p aus den Solnhofener Schichten. Archaeopteryx, 11 : 1 - 48 

Xu X, m 2 .  Deinonychosaurian fossils from the Jehol Group of western Limning and the coelumsaurian evolution. Ph. D. Disseaa- 

tion. Beijing: Graduate School of the Chinese Academy of Sciences. 1 - 322 

Xu X ,  Wang X L ( in  submission). A new t d o n t i d  (Theropoda: Troodontidae) from the Lower Cretaceous Yixian Formation of 

westem Limning, China. Acta Geol Sin (English edition) 

Xu X, Wang X L, Wu X C, 1999. A dromaeosaurid dinosaur with a filamentous integument from the Yixian Fonnation of China. 

Nature, 401 : 262 - 266 

Xu X , Zhou Z H , Wang X L , 2000. The smallest known non-avian theropod dinosaur. Nature, 408 : 705 - 708 




