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A NEW DROMAEOSAUR (DINOSAURIA : THEROPODA) FROM THE
EARLY CRETACEOUSY IXIAN FORMATION OF
WESTERNL IAONING

XU Xing WANG Xiao-Lin
(Ingtitute df Vertebrate Paleontdlogy and Paleoanthropology , Chinese Academy o Scences Beijing 100044)

Abdract A gecimen oollected from the Early Cretaceous lovest part of Yixian Formetion of Lisoning,
rortheagern China, represents a new genus and eciesd dromaeosaurid theropod. It conpri ses a fragmen-
tary maxillawith ome teeth, afew caudds, anmog conrplete fore limbs, and partid hind limbs and is here
named Gradliraptor Iujiatunensis gen. e 9. rov. Didinctive characterigics of the new gecies include a
lamind dructure connecting the poszygapophyses of midde caudds, midde caudds extremdy long and
dender , smdl manud ungud |, proximal end of metacarpa 111 grongy expanded , proximd tibiotarsus sheft
rectangular in cross sction, agragdar medid condyle sgnificantly expanded poderiorly , metatarsal |l dis-
tadly much wider than the other metatarsd's and long and dender pedd phdanx IlI-1. Being the earlies
definitive dromasosaurid gpecies krown to date, G. lujiatunersis provides new irformetion inportant for un-
derdanding the early evolution of the goup. Onone hand, G. luiaturersis diglays afew features smilar
to those of basdl birds, such as caudd's Sgnificantly elongated , semilunate carpa svell and primarily con-
tacting metacarpd |1, and manud digt | dort , providing further evidence for a close rdationship between
the Dromasosauridee and the Aves; on the other hand, it is Smilar to troodontids in some features on the
caudds. Thedisovery of G. lujiatunensis d indicates a high divergty of the Dromeeosauridae in the Ear-
ly Cretacepus Jetol Biota. Gombined with other lines of evidence, it is irferred that the Dromasosauri dae
rapidy diversfied taxoromicaly but remeained rdatively sable nomphologcaly in the early evolution of the

gouw.
Key words WedernLiesoning, Early Cretaceous, Yixian Formetion , Dromeeosauri dee

1 Introduction

Origindly disoovered from the Late Cretaceous North America (Matthew and Brown , 1922)
dromaepsaurids are now known to have a much wider digribution both geographicaly and dratigrgphr
icaly (Osborn, 1924 ; Sues, 1978; Barsold , 1983; Kirkland et a. , 1993; Perle et d. , 1999;
Xu et d. , 1999, 2000) . The earliet fosdls definitively referable to the Dromaeosauri dae are from
the shdesof the lower Yixian Formation (Xu et d. , 1999; Ji et d. , 2001) , which is dated as
about 125 Ma (Swisher et d. , 1999) . Here we describe a new dromeeosaurid gpecimen that was
oollected from the lowest part of the Yixian Formation thet is at leag 3 milliorryear older than Sinor-
nithosaurus-fosd|-bearing beds (Snisher et a. , 2001). It is therdfore the oldest definitive dro-
maeosaurid , and alows us to review the digribution of ome characters that are inportant for under
ganding the early evolution of the Dromaeosauri dae.

2 Sydematic paeontology

Theropoda Marsh, 1881
Maniraptora Gauthier , 1986
Dromaeosaur idae Matthew et Brown, 1922

Graciliraptor lujiatunensis gen. et sp. nov.
(Fgs. 1 3

Holotype VPPV 13474 (Inditute of Vertebrate Pdeontology & Paeoanthropology , Bei-
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jing) , afragmentary maxillawith some teeth , afew caudd's, g conplete fordimbs, and partia
hindlimbs.

1 ( ) (VPPV 13474) , =1lcm
Fg.1 Holotype of Gradliraptor Iujiaturenss gen. & 9. mov. (IVPPV 13474) , scde bar = 1 cm
A. ome maxillary teeth in laterd view; B. dorsd view of midde caudds; C.
ventrd view of midde caudds
Abbreviations:|. lamna ;pz. postzygapophys's ;rc. rod-like extensons of caudd's
;vs. ventrd sulcus

Etymology The generic name is derived from the dender limbs and tail of the anima (gra
cilis,L. dender) , and the suffiX’ raptor” , comnonly used for dromaeosaurid dinosaur names. The
gecific name* Lujiatun” refers to the village near which the holotype was found.

Locality and horizon Lujiatun, Beipiao Gty , wesern Lisoning, China; the lomes member
d the Yixian Formation (Hauterivian; Snvisher et a. , 1999, 2001) .

Diagnosis Gradiliraptor Iujiatunensis can be differentiated from al other known dromasosaurid
gecies based on the following derived features: alamina gructure connecting the postzyggpophyses
o midde caudds; extremely long and dender midde cauda's; ungual of manual digit | much sral-
er than that of manua digit 1l; proxima end of metacarpa 111 grongy expanded ; extremdly dender
tibiotarsus; proximd tibiotarsus shaft rectangular in cross section; asragdar medid condyle Sgnifi-
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cantly expanded pogeriorly ; metatarsal |1 digaly much wider than the other metatarsal's; and long
and dender pedd phdanx I11.

3 Degription

The holotype of G. lujiatunensis might represent an adult animal as indicated by the partia fu-
son o the agragdus and calcaneum to the tibia.

The skull is represented only by a partia left maxillawith afew teeth (Fig. 1A) . The anterior
teeth gppear to have no serrations on both anterior and pogerior carinae , but the tips are al broken
and these might have been serrated. The middle and pogerior teeth are smilar to those of the ve
locirgptorines in that the pogerior serrations are sgnificantly larger than the anterior ones (Currie,
1995) .

Ten caudd's are preserved on the holotype. The centra of the midde caudds are dgnificantly
elongated (Fgs. 1B, C). As in other dromaeosaurids, the prezygapophyses are extremely long,
forming bundle-like gructures. Unusudly a lamina gructure is developed connecting the two pos-
zygapophyses, covering the anterior one-eighth of the succeeding caudd. The chevrons attached to
the middle cauda s are smilar to those of other dromasosaurids in forming a roctlike gructure except
for ome miror differences such as that both anterior and pogerior processes of the chevrons are bi-
furcated in ventral view and the pogerior process gppears d to be elongated , though ot as dornr

S
f h—)f’ 3
| / § /
Y A

2 ( ) (IVPPV 13474) , =1lcm
Fig.2 Holotype of Gradliraptor Iujiaturenss gen. e 9. mov. (IVPPV 13474) , scde bar = 1 cm
A. right fordimb; B. |t fordimb
Abbrevidions:ce. centrde ;dc. ddtopectord creg ;ft. fleor tubercle
h. humerus ;F1to lIF4. manud phdanx F1to IIF4 F1 11F4;mc FlIl. metacapd FIII 1
3 ;mp. medid projection ; r. radius ; ra. radde s. semilunate carpd
‘U una
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gated as the anterior process.

An drog conplete right fordimb and a partid 1€t forelimb were preserved on the holotype ,
including some carpa dements (Fig. 2). The humerusis long and dender , with a relatively short
deltopectoral cres. The ulna is conparatively long, about 86 % the humera length , which is pro-
portionately longer than that in other dromasosaurids. The radius is much thinner than the ulna,
about 53 % the thicknessdf the latter at the mid-length. The manusislong, about 130 % the length
o the humerus, a ratio larger than that in other dromeeosaurids (Xu, 2002) . The semilunate is
small in sze conpared with nog other norravian maniraptorans, covering only the proxima end of
metacarpa 1. Metacarpd | is gout and dort , less than one third the length of metacarpa 1.
Metacarpa 1l islong and comparatively robust. Metacarpa 11 is dightly shorter and much thinner
than metacarpa 11, and is bowed laterdly. Unlike in other dromaeosaurids, the proximal end of
metacarpa 111 is quite deegp doroventrdly , even deeper than that of metacarpd 1. The manual pha
langed formulais 234 asin nog cod urosaurians. Manua phalanx F1 is relatively short. Phalanx
I-2, the ungua of digt I, is grondy curved , and has a moderately developed flexor tubercle proxi-
nmoventaly and a lip proxinodorsaly. Phaanx 1F1 isthe mog robug of the phdanges. Phaanx I+
2 islonger than phalanx IF1. Phaangesof digt Il are much thinner than those of digit I1. Phdanx
11 is dgnificantly longer than phalanx 11F2. Asin ome dromasosaurids, a prominent ventral heel
is present on the proximal end of phaanx 11+2.

Mog of the I€ft tibiotarsus and part of the right tibiotarsus and femur are preserved (Fgs.
3A D). The npg congiicwous feature of the tibiotarsus is its denderness. The egimated length/
midshaft-diameter ratio is about 28, larger than that in al known non-avian theropods. The proximal
end of the tibiotarsus is not preserved and the preserved proximal shdt is sub-quadrangular and the
digd shdt ovd in cross section. In anterior view the fibular cres is graight for mog of its length

mtll] "
mtlV r:nl.II v 81

3 ( ) (VPPV 13474) , =1lcm
Fg.3 Holotype of Gradliraptor Iujiaturensis gen. & 9. mov. (IVPPV 13474) , scde bar = 1 cm
A. |t tibiotarsus and fibula in anterior view ; B. gt adrac
gdus and cdcaneumin diga view; C. right tibiotarsusin latera view; D.
right tibiotarsus in pogerior view; E. &t metatarsusin ventrd view; F. 2
|eft pedd digt Il in medid view; G k1 12 right peda phalanges I1+1 and 112
in medd view
Abbrevigtions:gp. ascend ng process ; €. cacaneum . fibda ;fc. fibuar cres
; or. goove ; IF1to IIF2. pedd phdanx IF1 to pedd phdanx I1F2 IF1 1IF2; Ic. laerd condyle
; mc. medd ocondyle ;m IRV, mgaarsds IFIV 2 4 ; pvh. proxinoventrd hed

;rd. ridge
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rather than convex lateraly as in mog other theropods. The adragaus has a much larger medid
oondyle reletive to the lateral one, which is dgnificantly expanded pogeriorly.

Both the |t and right pes are partialy preserved (Figs. 3E Q. Ingenerd , the pesis smi-
lar to that of other basd dromaeosaurids and troodontids in having a partia arctometatarsus (Holtz ,
1994 ; Xu, 2002) . Unlike other dromasosaurids (Xu, 2002) , metatarsd 11 is digdly much wider
than metatarsals Il and IV. The dida end of metatarsal 1l is srondy dgngynoid. The shdt of
metatarsal 111 is subtriangular in cross section due to the extremely narrow ventral margin and it is
irferredto be smilar to ssme basd dromasosaurids and troodontids in having a pinched proximd
end , though its proxima portion is mising. Unlike nog other dromaeosaurids, the diga end of
metatarsal 111 is not gndynoid. Metatarsal IV is the nog dender eement anong the metatarsals.
The pedd phalanx 11 and II-2 are much nore robug than the other peda phdanges and the latter
is longer than the former. The ungua of peda digit Il is enlarged as in other dromasosaurids and
troodortids. Peda phalanx I1F1 islong and dender , about twice as long as the pedd phalanx 1F1.
A rotenorthy feature is the mediad condyle of the digd end is much larger than the latera condyle.

4 Discusson

Although the holotype , the only gecimen of the ecies, preserves a srdl part of the skde
ton, it does provide many phylogenetic Sgnds.

The dromaeosaurid gatusof G. Iujiatunensis is indiputably indicated by the presence of ex-
tremely elongated prezygaphophyses and chevrons that is unique to dromasosaurid dinosaurs anmong
theropods (Ostrom, 1990 ; Xu, 2002) . Other features suggedting the dromasosaurid dfinitiesof G.
Iujiatunensis include: dgnificant size difference between the anterior and poserior derticles on the
maxillary teeth and manud phaanx [1F2 sgnificantly shortened. dgnificantly shortened manual
phaanx 112 is a feature previoudy unnoticed for diagnosng the Dromaeosauridae. Primitively in
theropods, the length difference between manual phalanx I1F1 and 11F2 is minor , usualy with the
former dightly longer than the latter. Dromaeosaurids have much shorter manua phaanx 11F2 rda
tive to phadanx 11F1 (Ostrom, 1969 ; Norell and Makovicky , 1997, 1999 ; Xu et d. , 1999) . Liao
ning dromaeosaurids such as Sinornithosaurus and G. lujiatunensis have an even shorter phaanx
2.

G. lujiatunensis shows many digtinctive features digtinguishing it from other dromaeosaurids.
The nmog congicwous feature is that it might represent the nog dender skeleton arong norravian
theropods found to date. In genera , codurosaurians are nore dender than other rorravian
theropods. G. lujiatunensis is anong the nog gracile coelurosaurs. The middle caudal s have a cenr
trum length/ wicth ratio of about 8. 6, which is the largest anong known rorravian theropods; the
tibiotarsus has an edimated length/ midshet-diameter ratio of about 28, suggeding an extremely
dender tibiotarsus; nmog peda phdanges are elongeate relative to the maximum depth or width , withr
out dgnificantly expanded articular ends. These data, together with the data thet it isa smdl dzed
animal , suggest that G. lujiatunensis isextremely light in build , which represents an inportant evo-
[utionary trend towards birds (Sereno, 1999; Xu et d. , 2000) .

The other diagnogtic festure of G. lujiatunensis include a lamind gructure connecting the two
postzygapophyses of middle caudas, small manuad ungua |, proxima end of metacarpa 11l srondy
expanded , the proximal tibiotarsus sheft rectangular in cross section , atragdar media condyle Sg
nificantly expanded pogeriorly , and metatarsal |1 digaly much wider than the other metatards.
Usudly in dinosaurs the tibiotarsus sheft is sub-ovd in cross section. The proxima section of the
tibiotarsus sheft bears didinctive ridges between which the shet isflat , thus forming a rectangular
cross sction. Thisfeature represents an gponorphy for the taxon. The media condyle of the adra
gdusd G. lujiatunensis is dgnificantly enlarged not only anteriorly as in other coelurosaurs but
pogeriorly , and it isabout 1. 7 times asthick asthe latera condyle. The other interesting diagnogic
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feature is metatarsal |1 digaly much wider than the other metatarsals. The transverse wicth of the
digd articulation of metatarsa 11 is about 1.5 times and 2 times that of metatarsal Il and IV, re
Pectivdy. Meaarsal |l is either subequa to or nore dender in robusness than the other
metatarsal s in nog other theropods including other dromaeosaurs.
Anong the known dromaeosaurid taxa , AUOSBUIS A urs ro
G. liiatunersis is nog closdy related to A noytmimus okladnikoui
two other dromeeosaurids from Lisoning P Gargimimis brovpes
(Sinornithosaurus and Microraptor) because o Galimimus bulatus
they share a number of derived dmilarities e o peianar
that are absent in other dromeeosaurs. For Shounia gesert
exarple, radius sgnificantly thinner than A sgmasacrs guhensi
una, ungual of manual digit 111 much small- Incrossurie geuter
er than that of manua digt 11, manua digit
| ggnificantly dhortened, manuad phaanx
12 extremely dhort , and presence of proxi-
nmoventrd hed on manual phdanx [IF2.
Rimitively in theropods manual digt | is
long and robug. G. luiatunensis is dmilar
to Sinornithosaurus and Microraptor in hav
ing a sort manud digt | with the ratio of Paraves
the combined length of metacapa | and
phaanx -1 to metacarpa 11 length less than

Chirpstancles pergrachis
Avirimus porienfasus
ingenia yenshini

Owviraptor phifoceralops
Microvenator celer
Qviraplar mongoliensis
Conchoraplor grecilis
Anchaaopteryx lithographice

Confutilsomis sanclus

Rahonavis ostromi

Sincvenalor changil

Byronosaurus jaffel

Sinomitholdes youngi

Troodon formosus
Sauromithoitlas mongaiiensis
Sauromithoides junior

— Sinomithosaurus rillenni

L Graciireptor tuatunensis
—— Dromasosauris albertens!s
— Dainonychus antirhapus
|— Vadocirapior mangoliansis

1; in birds other than Archaeopteryx and Dromacosturidas _z;:"::z;c;m;::"j;m
Corfuciusornis this ratio is d 9 less than 1 ; Saurarmithoiesies lamgaront
(Chigppe e d. , 1999 ; Wdlnhdfer , 1992 ,

1993) . There are d me pleionomphic 4 ( )

dmilarities between G. lujiatunenss and Fg.4 A drict consensus tree of 132 nogt parsnmonious trees
the other Lisoning dromaeosaurs. For exanr (treelengh = 737; Cl = 0.43; Rl = 0.68) showing the
ple, the peddl phaanx IF2 is ot highly ab- PMYlogenetic p°9“°';:sf§“:p§f ':)'Va‘“”

brewat‘.ad and the seond pedd ungud is The andlyssis based on a dataset of 45 taxa and 260 cha
proportionately smller reldive to that of racters; see Xu , 2002 for more detailed irformation
nog other dromaeosaurs. A phylogenetic

anadysssuggeds that all kmown Lisoning dromaepsaurs including G. lujiatunenss, Sinor-
nithosaurus , and Microraptor form a nonophyletic group which is the sger group to al other dro-
maeosaurid taxa (Fig. 4; for detals see Xu, 2002) .

A few characters o G. Iujiatunensis deserve comments here. Although the caudds of some
troodontids, some dromasosaurs, and Archaeopteryx (Wellnhofer , 1993) are not as eongated as
thoeof G. Iuiatunensis, they are comparatively much longer than in nogt other theropods. Honga
tion of the middle caudas may represent an gporrorphy for the Paraves. In some features, the caur
dasdf Graciliraptor are nore troodontic-like than dromasosaurid-like. The middle cauda s have no
neural ine, ingead they bear a shalow groove on the dorsal surface ; ventraly the middle caudd
bears a degp sulcus. These features are al seen in midde cauda sof troodontids and provide further
evidence for a close relaionship between dromaeosaurids and troodontids. On the other hand, G.
luiiatunensis diglays afew avian features. Primitively in theropods the thickness difference between
the una and radiusis mnor. The ratio of diameter of radius sheft to ulna sheft is gpproximately 0. 8
in Allssaurus, 0.9 in Gallimimus, 0.8 inovirgptorosaurs, 0.9 in therizinosauroids, and nore than
0.8 in nog dromasosaurs and troodontids. In more basal theropods the radius is subequal to the ul-
nain thickness. In hirds, the radius becomes sgnificantly thinner than the ulna, with a ratio of less
than 0.7 (Chigope e d. , 1996) . Archaeopteryx retains the primitive condition, with a ratio of
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about 0.8. Theradiusisvery thinin G. luiatunensis, like other dromasosaursfrom Lisoning, less
than 60 % asthick asthe ulna, which is afeature seen in advanced hirds (Chigppe et d . , 1996) .

The dze and podtion of the semilunate carpd are variable anong manirgptorans. The semilunate is
large and covers proximal endsdf both metacarpa | and 1l in mogt norravian manirgptorans and Ar-
chaeopteryx , though in the latter taxon it is more centered on metacarpd 11 (Martin, 1991) . In nog
birds such as Corfuciusornis (Chigppe et a. , 1999) , it is small and fused with proximal end of
metacarpal |l. The samilunate carpal of G. lujiatunensis diglays a derived condition anmong mani-
rgptorans in having a small-d9zed semilunate which articulates to the proximd end of metacarpd 1.

A prorounced projection is present on the proximal end of metacarpal 1. This projection is medially
postioned and forms a smooth convex articular suface of the metacarpus together with the proxima
end of metacarpa Il. Thisfeature is a s seen in ome basal birds and may represent afurther nmodi-
fication toward afully flexed arm. The discovery of G. lujiatunensis aswell as other dromaeosaurs
from Liaoning provides further evidence for a close relaionship of the Dromaeosauridae , Troodonti-
dae and Aves. Onone hand , new discoveriesfurther shorten the morphological digance between the
groups; on the other hand , they bring nore incongruence anong these groups, suggesting an uneven
evol ution toward the trandgtion to birds.

G. lujiatunensis represents the fourth named dromaeosaurid taxon from the Jehol Biota, sug
geding that the dromasosaurids highly diversfied in Early Cretaceous. The tenpord di gributions of
the three paravian groups combined with character distributions anong the basa dromaeosaurids and
troodortids indicate that the basd deinonychosaur lit might not be dgnificantly earlier than Haur
terivian, posshbly in the earlies Cretaceous (Xu and Wang, in submisdon) . ff thisisthe case, the
Dromasosauridae possbly had a relatively rapid taxoromica diverdfication within the Early Cretar
ceous. However , the known early dromasosaurids are Smilar in nmorphology , suggeding a relatively
dow norphologica change. Interesingy , the Troodonti dae , which was suggested by many sudies to
be the sger-group of the Dromasosauridae (Gauthier , 1986 ; Sereno, 1999 ; Xu, 2002) , sems to
have a repid rate of character evolution at the base of the group (Xu and Wang, in submisson) .
These data suggedt that the two del nonychosaurian groups might have different evol utionary patterns
in their early hidory.
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