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China, represents a new genus and ecies of manirgptoran theropod. It conprises dnpg conplete
articulated pectora grdes, fordimbs and some ribs and is here named Yixiancsaurus longimanus gen. et
$. mov. Diagnodic features of the new geciesinclude manus 140 % as long as humerus, manuad phalanx
-2 longer than metacarpa , menud phdanx -3 244 % as long as phdanx -1, and manud
phadanx -2 bearing a proxinovertra hed . With the integuments preserved on the tolotype specimen, Y.
longimanus represents the ninth feathered dinosaur ecies reported from wedern Lisoning. The elongated
penutimete phalangesof Y. longimanus indicate an inproved grasping cgpability and might represent an
adaptation to the arbored hahit. The discovery of Y. longimanus increases the diversty of theropod
drosaurs in the Jetol Fauna.
Key words Yixian, Lieoning, Early Cretaceous, Yixian Formetion, Manirgptora

1 Introduction

For the lag few years, the Jehol Goup of wedern Liaoning, China, has produced pectacular
fosdl remains, including the feathered dimsaurs. To date there are eight ecies of feathered
dinosaurs reported from the area (Chen et d. , 1998; Ji et d., 1998; Xu et d. , 1999a, b,
2000, 2003; Zhou and Wang, 2000). These disoveries have dgnificantly advanced our
underganding of the origin of birds and their flight , and the orign and early evolution of feathers.
In 2001, an inconplete manirgptoran skeleton was oollected from the lower part of the Yixian
Formation at Wangiagou, Yixian, wesern Lisoning, a locality that is geogrgphicdly close to the
fanous feathered dinosaur Ste of Shetun in Beipiao , wedern Lisoning. Here we describe this
gecimen and erect a new genus and oecies.

2 Sydemdtic pdeontology

Ther opoda Marsh, 1881
Maniraptora Gauthier , 1986

Yixianosaurus longimanus gen. et sp. nov.
(Fgs. 1 2

Holotype IVPP V 12638 (Inditute of Vertebrate Paeontology and Paeoanthropology ,
Bdjing , aticulated remains o dnmpgs conplete shoulder girdes and fordimbs, and me ribs
(FAgs. 1 2).

Horizon and locality Lower part of Yixian Formation , Wangiagou, Yixian Qounty , western
Lisoning, China; Early Cretaceous (Swisher et a. , 1999) .

Etymology Yixian for Yixian Gounty that includes the type locality , sauros, meaning reptile
(Qreek) ; longmanus (long, long, Latin; menus, hand, Latin) for the sgnificantly eongated
manus.

Diagnosis A srdl-dzed manirgptoran diginguishable from al other known manirgptoran
Pecies but Epidendrosaurus in having an unusudly long manud phaanx -2 (longer than
metacarpa ) ; it differs from Epidendrosaurus as well as other manirgptorans in having a
proportionately much longer manual phdanx -3 (244 % as long as manud phalanx -1 in
Yixianosaurus conpared to 86 % in Epidendrosaurus) ; Yixiancsaurus a 9 differsin having a longer
manus (manus’ humerus length ratio = 1. 4) than other manirgptorans but Corfuciusornis,
Protarchaeopterys, Epidendrosaurus and having a proxinoventra hed on manual phdanx -2 (a
feature shared with basal dromaeosaurs) .

3 Degription

The ontogenetic sage of the holotype , the only gpecimen, is difficult to determine because the
preserved elements provide little ontogenetic irformetion. Sme weak evidence can be obtained ,
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1 ( ) (VPPV 12639) , =5cm
Fig.1 Photograph of the holotype of Yianxiancsaurus longimanus gen. e . nov. (IVPPV 12638) ,
Sde bar =5 cm

however , to irfer the ontogenetic satus of the pecimen. The campa's are well ossfied and al bones
lack thefine griations usudly seenin juvenile ecimens. This evidence suggests the holotype is not
a juvenile, and lack of fudon between the scgpula and coracoid may suggest a subradult.
Nevertheless, with an 89%-nnrlong humerus, the holotype represents one of the smalles morravian
theropods reported to date (Table 1) .

The pectord grde is represented by conplete right and inconplete It scgpulae and
coraooids. The scapula is dgnificantly shorter than the humerus, as in me derived manirgptorans
(Xu et d. , 1999b) . The scgpular blade is strgo-shaped , with nearly pardld dorsd and ventrd
margns. Poximally , the acromid process extends anteriorly well beyond the denoid fossa as in
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2 ( ) (VPPV 12638) , =2cm
Fg.2 Linedraning o the holotype of Yianxianosaurus longimanus gen. et 9. ov.
(VPPV 12638) , scde bar =2 cm

Abbreviaions . T, Tentrde ; dr, dord rib ; ft, flexor
tubercle ;d , gadrolia ; hs, horny sheath ‘F1to V-4,
manua phadanx +1 to V-4 F1  IV-4; Ic, It coracoid ; 1h, |t
humerus ;Ir, 1€t radius ;Is, 1€t cgpua lu, left una

;mck, metacampd F F ;rd, radde ; rc, right
ocoracoid ; rh, right humerus ; e, right radus T IS,
right scapula ; ru, right una ; <, sEminuae carpd

; U, unare ; vh, ventra hed

ome derived maniraptorans (Xu, 2002) . The ventral margin curves sharply toward the pogterior rim
o the deroid fossa, afeature seen in primitive theropods, but thisis likely to be a preservationa
artifact. The large plate-shgped coracoid is sub-quadraic in outline as in nmog ool urosaurians
(Gauthier , 1986) . It is proportionaly large , with an anteropogterior length of 24 mm, about 38 %
the scapular length. The coracoidal portion of the demnpid fossa gppears to be proportionaly srdl as
in derived manirgptorans, a feature dften associated with the laterdly faced demoid fossa (Xu,
2002) .
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1 ( ) (IVPP V 12638)
Tablel Lengthsd preserved dements in the hootype of Yixianosaurus longimanus

gen. et sp. nov. (IVPP V 12638) (mm)
right Ieft right |eft

Spua 65 45* -2 25 26

Hurmerus 89 61" -1 25 26

Ulna 64 62 -2 36 33

Radius 63 63 -3 28

Metacarpd 13° 14.5 -1 9°

Metacarpal 35 36 -2 8

Metacarpa 31# 34 -3 2

Manud digt -1 &) 33 -4 23 2.5

* indicates edimeted or gpproximate vlue; # indicates preserved length.

As in the Dromaeosauridae (Xu, 2002) , the humerus has a relaively short deltopectoral crest
(about 30 % the humerus length) . The ulna is bowed pogeriorly , with a weak olecraron process,
as in advanced coelurosaurians (Gauthier , 1986) . The radius is gpproximately 71 % the length of
the humerus, and much thinner than the ulna. For comparion, some basad dromasosaurs and many
birds have proportionately thinner radii (Xu, 2002) . The radius gopears to be curved, unusud
anong codl urosaurians. This may be a preservation artifact , however. The digd end is sem-lunate ,
a derived festure seen only in hirds among theropods.

The carpus is conprised of four carpas. The larges of the four is the semilunate carpal which
oovers the proximal end of metacarpa | and touches the medid sde of the proxima end of
metacarpal . Thisis different from the condition seen in nog other manirgptorans from Liaoning
where the semilunate covers mainly the proxima end of metacarpd . The radide is the second
larges carpa preserved. It has a well developed concave proxima articular surface, matching
perfectly with the digd end of the radius. Two other carpds are present and may be the centrde
and ulnare. The latter is preserved close to the proximal end of metacarpa ™ and is therefore d
likely to be a digd carpd , which is reported to be present in Archaeopterys (Feduccia, 1999) .

Metacarpa | isabout 39 %the length of metacarpal . Metacarpd is dightly shorter than
metacarpal and is much nore dender than the other metacarpals. It is not didinctively bowed
laterdly asin some other manirgptorans (Xu, 2002) . Manua phaanx -1 islong and the combined
lengths of phalanx -1 and metacarpa | are about 133 % metacarpal length. The manua phalanx

-2 is dgnificantly elongated , even longer than metacarpad . Thisfeature has not been reported
in other manirgptorans with the exception of a recently reported bizarre manirgptoran
Epidendrosaurus (Zhang et a. , 2002). The penultimate phadanx o the third digt is do
dgnificantly elongated. It is about 129 % the combined lengths of phdanx -1 and -2. Asin
basal dromasosaurs (Xu, 2002) , phalanx -2 bears a prominent proxinoventral hed , suggegting a
rigd articulation. A rotenorthy fegture is the dorsaly podtioned collaterd ligament pits on dl
manual phalanges, which suggest a drong extenson capability. The manual unguas are grongy
curved, with massve flexor tubercles located near the proximd articuar surfaces. The flexor
tubercles are transversely expanded digaly , with rough sufaces. The horny sheath iswell preserved
and the tip ispointed. Anong the three unguds, the middle one isthe larges and the third one the
srdled , but the sze difference is miror.

The carbonized integument is preserved adjacent to the preserved bone. They are Smilar in
preservation to the contour feathersin some birdsfrom the Yixian Formation of wegdern Lisoning and
sow o detailed dructure.
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4 Discusson

Y. longimanus represents the ninth festhered morravian theropod reported from wegern
Lisoning to date. Although the preserved meterid is limited, it provides many phylogenetic
characters for compari on.

The manirgptoran datus of Y. longimanus is indicated by the following festures: short
sxgpula, relatively srdl ooracoida portion of the demoid fossa, large subrquadratic coracoid
bowed ulna, and thin radius (Gauthier , 1986 ; Makovicky and Sues, 1998; Sereno, 1999 ; Norell
et d.,2001; Xuetd.,h2002; Xu, 2002) . The scgpulack Y. longimanus is sgnificantly shorter
than the humerus, a derived feature seen in Manirgptora (Xu et d. , 1999b, 2002) . In primitive
theropods, the scgpula is either longer or sulbrequa in length to the humerus and this primitive
oondition is seen in Caudipteryx (Zhou et al. , 2000) and some derived dromaeosaurs. As in the
Paraves, the coracoida portion of the demoid fossa is srdl in Y. longimanus, a feature dften
asociated with the lateraly faced demoid fossa (Xu, 2002) . The poderiorly bowed ulna and
relaively thin radius seenin Y. longimanus a9 characterize manirgptoran dinosaurs (Xu , 2002) .

2
Table 2 Redative proportions o shoulder and fordimb eements in_some ther opods

manus’ humerus scgpulal humerus -2/ mc -2 -1 -3/ -1

Cod ophysis 0.79 0.95 0.54 1.13 1.39
Compsognathus 0.85 0.97 0.74 0.74 ?

Gallimimus 0.69 0.85 0.87 1.87 2.06
Oviraptor 1.22 0.56 0.57 0.88 1.24
Caudipteryx 1.24 1.11 0.86 1.35 —
Ve odiraptor ? ? 0.90 1.46 1.83
Sinornithosaurus 1.13 0.63 0.56 1.10 1.28
Protarchaeopteryx 1.60 ? 0.88 1.26 2.01
Epi dendrosaurus 1.70 0.66 1.03 1.69 0.86
Archaeopteryx 1.25 0.63 0.74 1.37 2.23
Corf ud usornis 1.45 0.78 0.80 1.14 1.24
Yixi anosaurus 1.40 0.71 1.04 1.44 2.44

?indicates unknown ; —indicates ingpplicable; Data for other theropods are from Chigppe et d. , 1999; (olbert , 1989; Ji e
d. , 1998; Nordl and Makovicky , 1997, 1999; Ogrom, 1978 ; WelInhofer , 1974, 1992, 1993; Xu, 2002; Zhang € d. , 2002;
Zhou et d. , 2000.

Reative manua length and manua phdanged proportions can indigputably diginguish Y.
longimanus from other known manirgptorans and a provide irformation for a nore gecific
phylogenetic position of Y. longimanus (Table 2). An ewlutionary trend toward hirds is the
elongation of the manus. Pimitivdly in theropods the manus is dworter than the humerus;
mani raptorans have proportionately much longer manus that are longer than the humerus (Table 2) .
In basd birds the manusis proportionately even longer , though rmore derived birds diplay a reversed
oondition. The manus of Y. longimanus is proportionately longer than al other known ronravian
maniraptorans except Protarchaeopteryx (Ji et a. , 1998) and Epidendresaurus (Zhang e d. ,
2002) . The phaanged proportions have comrplicated changes among manirgotoran dinosaurs.
Although in generd the primitive theropods have relatively dorter penultimete phalanges, many
advanced theropods do diplay the same oondition. Neverthdess the eongated penultimate
phalanges seem to represent a derived condition anong theropod dinosaurs and Y. longimanus share
thisfeature. For exanple, Y. longimanus has an unusualy long manua phaanx -2 that is even
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longer than metacarpal . Although some theropods have relaively long phalanx -2, mone but
Epidendrosaurus has phalanx -2 longer than metacarpal (Table 2) . The manual phalanx -2/

-1 length ratio is 1. 44 in Y. longimanus , which is among the larges in the Theropoda. Manud
phadanx -3 is do dgnificantly elongated in Y. longimanus, with a ratio of -3/ -1 being
2.44. Thisratio is larger than that of other known manirgptorans. The relative manua length and
manual phalanged proportionsin Y. longimanus are nore Smilar to those in Epidendrosaurus than
in other manirgptorans. However , Epidendrosaurus differs in having a fairly short manua phdanx

-3rediveto -1, with the former about 86 % as long as the latter , which is unusua anong
manirgptorans. In general the manua norphology of Y. longimanus is dmilar to that of advanced
manirgptorans, suggeging that Y. longimanus might represent a derived member of the group.

Recent ool urosaurian di sooveriesfrom western Liaoning and Nei Mongpl support the hypothes s
that the fordimb might be used to climb trees toward the trandtion to hirds (Chatterjee, 1997 ;
Zhang et d., 2002). The disovery of Y. longimanus provides further evidence for this
hypothess The dongation of diga phaanges and the grondy curved manua unguas in Y.
longimauns sugges a grong gragoing capability and might represent an adaptation to the arbored
hahit , as suggested for some other manirgptorans (Table 2; Xu, 2002; Zhou and Farlow , 2001) .
S far ten theropod secies have been reported from the Early Cretaceous Jehol Goup of

wegern Liaoning, China. They are the compsognathid Sinosauropteryx prima , the therizinosauroid
Beipiaosaurus inexpectus , the ovirgptorosaurians Caudipteryx zoui, C. dongi , and Incisivosaurus
gauthieri , the troodontid Sinovenator changii , the dromaeosaurids Sinornithosaurus millenii
Microraptor zhacianus , and M. gui , and the poorly known Pratarchaeopteryx robusta (Xu, 2002) .
Y. longimanus represents the eeventh theropod goecies reported from the Early Cretaceous wegern
Lisoning and increases the diversity of the theropod dinosaurs in the Jehol fauna.
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