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Abstract Nernegtia barsboldi gen. et sp. nov. here described is a new oviraptorid dinosaur from
the Late Cretaceous (mid-Maastrichtian) Nemegt Formation of southwestern Mongolia. It differs
from other oviraptorids in the skull having a well-developed crest. the anterior margin of which is
nearly vertical. and the dorsal margin of the skull and the anterior margin of the crest form nearly
90"; the nasal process of the premaxilla being less exposed on the dorsal surface of the skull than
those in other known oviraptorids: the length of the frontal being approximately one fourth that of
the parietal along the midline of the skull. Phylogenetic analysis shows that Nerncgtia ha,-sboldi is
more closely related to Citipati osrnolskae than to any other oviraptorosaurs.
Key words: Nemegt Basin. Mongolia. Nemegt Formation. Late Cretaceous. Oviraptorosauria.
Nernegtia.

Introduction
Oviraptorosaurs are generally regarded as nonavian theropod dinosaurs (Osborn, 1924; Barsb o l d 1976. 1977, I98 1, 1983, 1986, 1997; Gauthier. 1986; Smith, 1992; Sereno, 1999; Barsbold
Currie et a/., 2000; Barsbold Osmolska et a/.,
2000; Holtz. 2000. 2001; Norell et a/.. 1994;
Norell et a/., 1995; Norell. Clark, and
Makovicky. 2001; Xu, Norell et a/., 2002). They
are medium-sized theropods characterized by a
short. deep skull with toothless jaws in derived
forms, teeth present in primitive forms such as
Incisivosa~u~rs
gauthieri (Xu, Cheng et al., 2002)
and Caudipteyiu zoui (Ji et al., 1998). pneumatilized caudal vertebrae present in derived
forms, anteriorly concave pubic shaft, and a posteriorly curved ischium present in Oviraptoridae
(Barsbold and Osmolska, 1990; Barsbold
Osmolska et a/.. 2000; Makovicky and Sues,
1998). Oviraptorosauria is here regarded to Include three families: Oviraptoridae, Caenagnathi-

dae, and Caudipterygidae (Barsbold 1976; Sternberg, 1940; Currie, 2000; Clark e/ al., 200 1; Ji er
a/., 1998; Zhou and Wang, 2000; Zhou el al.,
2000).
The Oviraptorosauria are mainly distributed in
Mongolia (Osborn. 1924; Barsbold 1976. 1977,
1981, 1983, 1986, 1997; Osmolska. 1976; Norell
et al., 1994, 1995: Wester, 1996; Clark et al.,
1999, 2001, 2002). China (Dong and Currie,
1996: Ji et a/., 1998; Lii et a/., 2000; Xu, Cheng
et a/.. 2002; Lii, 2003) and North America
(Sternberg, 1940; Cracraft, 197 1; Currie and
Russell, 1988; Sues, 1997). Additionally, oviraptorosaurs from the Southern Hemisphere have
been reported (Frey and Martill, 1995; Currie et
a/., 1996; Frankfurt and Chiappe, 1999), although validity of the taxonomic assignment is
doubtful.
In the summer of 1996, an incomplete oviraptorid skeleton with a nearly complete skull was
discovered in the Nemegt Formation of Nemegt
Basin, southwestern Mongolia by the Mongolian
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Highland International Dinosaur Project team. It
was initially described by Lii et ul. (2002) as Ingenia sp. The skull morphology (vertical anterior
margin of the developed crest on the skull, less
exposed nasal process of the premaxilla, and a
process on the quadrate bearing a convex surface
projecting into the cotyla on the medial surface
of the quadratojugal) indicates that it is distinct
from named oviraptorosaurs. It represents a new
taxon from the Late Cretaceous.

nasal process of the premaxilla, which forms part
of the crest, being barely exposed in dorsal view;
the anteroposterior length of the frontal is approximately one quarter of that of the parietals; a
presence of prefrontal; process on the quadrate
bears a convex surface projecting into the cotyla
on the medial surface of the quadratojugal.
Mandibular condyles of the quadrate situated
rostrally to the occipital condyle.

Description
Systematic Paleontology
Theropoda Marsh, 1 88 1
Oviraptorosauria Barsbold, 1976
Family Oviraptoridae Barsbold. 1976

Nemegtia gen. nov.
Diagnosis: As for the only known species.
Etymology: Nemegtia refers to the fossil locality. the Nemegt Basin of southwestern Mongolia.

Nemegtia barsboldi sp. nov.
(Figs. 1, 3, 5 , 6 )
lngenia sp. Lii rt 01.. 2002

Etymology: The species is named in honor of
Dr. R. Barsbold, the Mongolian vertebrate paleontologist, one of the leaders of the Mongolian
Highland International Dinosaur Project.
7jpe locality and horizon: The Nemegt locality of Gradzinski et al. (1968), Nemegt Basin,
southern Gobi Desert, Mongolia; Nemegt Formation, mid-Maastrichtian (Jerzykiewicz and Russell, 1991) of the Upper Cretaceous.
Holoppe: GIN 1 00121 12 (formerly PC 1001
21 12, see Lii et al., 2002): an incomplete skeleton with a nearly complete skull. Specimen
stored in the Paleontological Center of the Mongolian Academy of Sciences. Ulan Bator, Mongol ia.
Diagnosis: An oviraptorid displaying the following derived characters. The skull with a nasopremaxillary crest, anterior margin (the nasal
process of the premaxilla) nearly vertical; the

I. Skull and mandible
The skull (Fig. I) is deep, narrow and short,
and has a naso-premaxillary vertical crest. The
jaws are toothless, and the articular has a medial
process. These characters indicate that Nemegtia
barsboldi is a derived oviraptorosaur.
Skull: The premaxillae, vomers and maxillae
form a hard palate as in other oviraptorid dinosaurs (Fig. lC), and the premaxillae form the
main part of the crest. Both premaxillae are
fused. The central palatal part of the joined premaxillae is strongly concave. There is a cleft on
the central part of the palate. Anteriorly, small
foramina distributed on the lateral sides of the
suture between the premaxillae may represent
nutrient openings. The nasal processes of the premaxillae are perpendicular to the palatal surface
of the upper jaw, and extend dorsally, connecting
with the nasals at the highest point of the crest
(Fig. 1 A), and is barely exposed in dorsal view of
the skull. The crest extends posteriorly and ventrally, and forms a round arc at its highest point.
The antorbital cavity consists of a large internal antorbital fenestra posteriorly and a small
maxillary fenestra (see Witmer, 1997) anteroventrally. The internal antorbital fenestra is sub-oval,
and the long axis is vertical. The external surface
of the maxilla is smooth, and moderately concave. Ventrally, there are two longitudinal, rounded ridges on each maxilla as in other oviraptorids. In addition to the lateral ridge, there is a
longitudinal groove. Posteriorly, there is a ventrally directed tooth-like process on the palatal
shelf of each maxilla as in other oviraptorids.
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Fig. I . The skull of A'etneg~inhnr-sholdi gge. et sp. nov. (G11\!100/21 12). In lateral (A), dorsal (B), and ventral
views (C'). Scalc bar=5 cm. Abbreviations, as in appendix I.
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Both nasals are completely fused posteriorly
with no trace of the suture. Anteriorly, the nasals
are not fused forming a "<" shaped cleft, which
receives the nasal processes of the premaxillae
(Fig. 1 B). The dorsal portion of the lacrimal is
crescent shaped in lateral view. The shaft of the
lacrimal is stout, and forms the posterior margin
of the antorbital cavity. There is a large lacrimal
foramen in the middle of the anterior edge of the
orbit. The posterodorsal part of the lacrimal is
wedged between the prefrontal and frontal. The
lateral surface of the lacrimal is smooth. Posterodorsal to the antorbital cavity, there is a large
recessed pneumatic pocket (6 mm high. 4 mm
wide), similar to that in Citipati osmolskae
(Clark et 01.. 2002).
Anterodorsal to the left orbit, there is a small
triangular bone, which is located between the
frontal and lacrimal. It should be a prefrontal, although this bone has not been reported in other
oviraptorosaurs.
The jugal is a triradiate bone. The posterior
part of its anterior branch is stout and plate-like.
Anteriorly. it gradually becomes rod-like and
then ends as a thin plate (Fig. 2). where it inserts
between the maxilla, lacrimal and ectopterygoid.

The postorbital process of the jugal inclines posterodorsally. and forms almost 213 of the height
of the postorbital bar. similar to other oviraptorosaurs (Barsbold et al., 1990). The process becomes widened and slightly twisted and its medial surface is smooth, near the position where it
contacts the descending process of the postorbital. The dorsal part of the postorbital process of
the jugal is tightly attached to the posteroventral
surface of the postorbital. The posterior branch
of the jugal contacts the anterior process of the
quadratojugal. The angle of the postorbital
branch and posterior branch of the jugal is 90".
which form the anterior and ventral margins of
the large lateral temporal fenestra, respectively.
The width of the frontal is much greater than
its length. In lateral view, the whole central part
of the frontal surface is convex, thus the transverse cross-section of the frontal is arc-shaped.
The anteroposterior length of the frontal is approximately one quarter of that of the parietals.
Anteriorly, the suture of the frontal and the nasal
is relatively straight. while posteriorly, the suture
with the parietal is convex anteriorly (Fig. 19).
There is a deep groove along the suture with the
nasal. When compared with other oviraptorids.

cross-section of the jugal
Fig. 2. Skull of N c n q t i u htr~vholdigen. et sp. nov. (GIN 100i2112) showing the structure of the jugal and the
relationship betwcen the quadrate and the quadratojugal.
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the frontal is very short medially and widens laterally towards orbital margin.
The parietals are fused. Their dorsal surface is
smooth. A sagittal parietal ridge is present. This
ridge extends anteriorly and disappears at the
level of the anterior corner of the supratemporal
fossa, not reaching the frontoparietal suture.
The right squamosal is almost completely preserved. It curves posteriorly. There is a notch,
which holds the distal lateral head of the
quadrate on the middle of the lateral margin. The
anterior process of the squamosal forms the postolateral margin of the sub-oval supratemporal
fossa. The long axis of the suboval supratemporal
fossa points anterolaterally, making an angle with
the long axis of the skull of nearly 30".
The postorbital is a triradiate bone. The frontal
process of the postorbital is upturned about 90
degrees. Its descending process occupies 213 of
the height of the postorbital bar. The anterior surface of this process is smooth. The angle of the
anteromedial process and the posterior squamosa1 process is greater than 90". The frontal process
covers the orbital process of the frontal. The
squamosal process extends posteriorly with a
sharp dorsal margin and overlies the anterior
process of the squamosal. This process does not
reach the posterolateral corner of the supratemporal fossa. The upper part of the postorbital bar
forms most of the anterolateral margin of the
supratemporal fossa.
A shallow groove separates the articular surface into two parts in the quadrate. In ventral
view, the width of the mandibular articular surface of the quadrate is greater than its length.
The mandibular condyles are situated rostrally to
the occipital condyle. The articular surface for
the quadratojugal is convex. while that on the
quadratojugal for the quadrate is concave. This
joint forms a mobile junction (Fig. 2), which is
similar to the condition in most birds and other
oviraptorosaurs (Maryanska and Osmolska,
1997). The convex quadrate and concave quadratojugal joint is reversed from the condition in
other oviraptorosaurs (Maryanska and Osm6lska,
1997).
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In ventral view, the vomer has a sharp process,
which projects ventrally. This tooth-like process
is also formed in part by processes of the maxillae. The vomers are completely fused anteriorly.
The posterior parts of the vomers are separated
from each other by the cultriform process of the
parasphenoid which wedges rostrally between
the vomers as in all oviraptorids. The middle part
of the vomer is relatively long, its surface is
smooth, and its dorsal part is fused with the anterior part of the cultriform process. The posterior
part of the vomer is covered by the anterior part
of the palatal ramus of the pterygoid. The fused
part of the vomer projects ventrally, and the middle part has a round ventral surface, while its
posterior part is relatively flat.
The palatine forms the posterior and lateral
margins of the elliptic choana. It connects with
the vomer medially, and with the maxilla anterolaterally. The posterolateral part of the palatine
contacts the anteromedial side of the ectopterygoid and its posteromedial part contacts the
palatal ramus of the pterygoid.
Ventrally, the pterygoids have elongated
palatal processes, which do not meet along the
middle line until they contact the vomers. Each
palatal process has a longitudinal groove. which
divides the palatal branch of the pterygoid into
two parts anteriorly: the lateral part connects
with the ectopterygoid, while the medial one connects with the palatine and quadrate.
The ectopterygoid is located rostra1 to the
pterygoid. It extends vertically, similar to other
derived oviraptorids, whereas in other theropods,
it extends horizontally. The posterior end of the
dorsal part disappears near anterior end of the
jugal. There is an opening within ectopterygoid
which is close to the maxilla. This opening may
be homologous to the dorsal ectopterygoid recess
of dromaeosaurids (Witmer, 1997).
The epipterygoid is present on both sides of
the skull. It is a thin plate-like bone with an irregular triangular shape, whose free vertex angle
projects dorsally. It tightly ties to the pterygoid
branch of the quadrate. Its anterior margin is
sharp and free.
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The basioccipital condyle is ball-shaped with
a weak neck region. The articular surface of the
occipital condyle faces posteroventrally. The anterior part of the basioccipital projects ventrally
and laterally, forming the posterior part of the
basal tubera. The suture of the basioccipital and
basisphenoid is clear. Its middle part projects
posteriorly; therefore, in the ventral view, the suture has a weak "W" shape.
The basisphenoid forms the posteroventral part
of the floor of the braincase. The sutures with the
pterygoid and the parasphenoid are not clear. In
ventral view, it is narrow anteriorly and broad
posteriorly. The portion comprising the basal tubera is strongly developed. Its middle portion is
strongly depressed and has a large opening. This
opening is probably the Vidian canal for the passage of the internal carotid artery and the palatal
branch of nerve VII, which entered the pituitary
fossa through the basisphenoid. The basipterygoid process is absent, similar to other derived
oviraptorosaurs (Clark et ul., 2002).
The tall parasphenoid process is delicate. It is
shallow anteriorly and deep posteriorly. Its depth
gradually lessens anteriorly, as it connects with
the vomer. Its posterodorsal part extends dorsally
between the epipterygoid and pterygoid contacting the laterosphenoid. In ventral view, it extends
forward into the large space called interpterygoid
vacuity. Its length is about 114 of that of the skull.
The laterosphenoid is a thin plate-like bone,
anterior to the floor of the braincase. The orbitosphenoid is also a thin plate like bone, anterior to laterosphenoid portion of the floor of the
braincase.
The suture between the exoccipital and
supraoccipital is not clear, but the trend of the suture shows that both exoccipitals connect above
the oval foramen magnum. Thus, they separate
the supraoccipital from the foramen magnum,
which is larger than the occipital condyle.
Mandible: The lower jaw is short and deep
(Fig. 3). The dorsal margin of the external
mandibular fenestra is formed by the surangular
and the dorsal arch of the dentary. The surangular
has a middle branch, which projects into the ex-

ternal mandibular fenestra, as in other oviraptorids. The ventral surface of the lower jaw is
convex, and the mandibular symphysis is short.
In dorsal view, the jaw slightly prqjects laterally
in the middle part, and both branches of the
lower jaw are parallel posteriorly from the level
of the posterior margin of the mandibular symphysis (Fig. 3A). The dentaries have a dorsal protrusion near the posterior margin of the mandibular symphysis. The large external mandibular
fenestra is located at the anterior part of the
lower jaw. The coronoid process is posterior to
the mandibular fenestra.
The mandibular symphysis is short and deep.
No evidence shows that a coronoid is present in
the present specimen. CT scanning shows that
the dorsal margin of the mandibular symphysis is
thin, while its lower margin (lower part) is stout,
the symphysis is highly pneumatized and the
spaces are uniform in size and distribution (Figs.
4A, B). There is no bony construction between
the hollow spaces of the right and left dentaries.
The cross section near the mandibular symphysis
shows that both sides are steep, displaying a "V"
shape. It is "U" shaped in Cuenagnuthus and
there is a bar of bone between the dorsal and ventral surface supporting the midline ridge on the
lingual surface of the symphysial shelf (Currie et
a/., 1993; Figs. 4C, D). Around the anterior margin of the external mandibular fenestra, the dentaries are deflected inwards, forming a shallowly
flattened surface, thus producing a thin and sharp
anterior edge on the external mandibular fenestra. The ventral process of the denary is relatively
weak, and it tightly extends along the ventrolateral part of the anterior portion of the angular, and
disappears at the level of the coronoid eminence.
The dorsal process of the dentary is comparatively massive, and dorsally, its distal end is divided
into lateral and medial prongs, with the anterior
branch of the articular-surangular-coronoid complex (ASC) wedged between them. It disappears
anterior to the coronoid eminence. The ventral
process of the dentary extends more posteriorly
than that of the dorsal process. Only the external
surfaces of both processes of the dentaries are
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3. Lower jaw ofrl'c.nwg/io bnrsholdi gen. et sp. nov. (GIN100121 12). In dorsal ( A ) , ventral (B), and latcral
(C) views. Scale bar=2 cm. Abbreviations as in appendix I .
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Fig. 4. Comparison CT scans o r the corresponding positions o r the lower jaws of Nemrgriu (GIN 10012 1 12) and
Caenagnathus. A, C: cross section through anterior part of the symphyseal region; B. D: cross section
through the posterior portion or the symphyseal region. Scale bar= I0 mm (C and D are chosen from Currie
et a / . , 1993, Fig. 7 ) . Abbreviations as in appendix 1.

smooth. Anterior to the external mandibular fenestra and the lateral edges of the mandibular
symphysis, irregular small holes are densely distributed. A row of four small foramina is symmetrically distributed on both sides of the serrated suture of the mandibular symphysis. This row
of small foramina extends posterolaterally, forming a nearly 30" angle with the serrated symphyseal suture. The lateral surface of the ventral part
of the mandibular symphysis is convex. and there
is a process centrally.
The surangular and articular are fused in the
posterior part of the lower jaw, with no clear suture between them. The fused part occupies the
position, which corresponds to the position of the
articular, surangular, and coronoid in other
theropods. Currie et al. (1993) named it as the
articular-surangular-coronoid complex (ASC).

There is a longitudinal rounded ridge on the articular surface. This ridge corresponds to the longitudinal sulcus on the articular surface of the
quadrate condyle. The ridge separates the articular surface into two parts: a medial one, called
the internal mandibular process by Sternberg
(1940), is large and semicircular, and a lateral
one, called the external mandibular process
(Sternberg, 1940). is smaller and sub-oval. The
surface of the lateral one slightly slants laterally.
The lengths of both processes are nearly equal.
The retroarticular process is slender, extending
posteroventrally from the articular surface. Its
ventral and medial surfaces are covered by the
prearticular. Its lateral surface is covered by articular-surangular-coronoid complex. The angular
does not cover the prearticular, and it projects
posteromedially. The articular-surangular-coro-
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noid complex occupies the major part, posterlor
to the posterior margin of the external mandibular fenestra. There is a deep. longitudinal groove
on the lateral surface of the anteroventral part of
the art~cularbone. This depression should be the
~nsertionarea for the external mandibular adductors. Thc coronoid process projccts posteromedially.
The angular wedges anteriorly between the
splenial and the ventral process of the dentary,
and disappears anteriorly to the anterior margin
of the extcrnal mandibular fenestra. Medially, the
suture with the preart~cularis cleal; but, laterally,
the suturc with the surangular is not clear.
The prcarticular is located at the ventromedial
surface of the articular. It 1s a thin plate-like
bone, which covers a part of thc m e d d surface
of the lower jaw.
The splenial IS strap-like, widcr anteriorly than
posteriorly. It contacts the dentary anteriorly, bul
~t does not take part in the formation of the
mandibular symphys~s. Its medial surface is
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smooth. It becomes thin and sharp poster~orly,
and disappears at the level of 11'3 length of the
lower jaw from the retroarticular process.

2.

Postcranial skeleton
A nearly complete cervical series, part of the
dorsal vertebrae, a nearly conlplete sacrum, both
ilia, the proximal ends of the pubis and ischium,
thc proximal end of the femur, parts of the
humerus, and the complete sight radius are preserved.
Cervical series: Thc cervical series (Fig. 5 )
includes 12 of 13 vertebrae naturally articulated
(including a small part of the axis). .4lthough
somctimes, it IS difficult to distinguish the posterior cervical vertebrae from the anterior dorsal
vertebrae, the presence of a weak median ventral
keel and a hypapophysis on the last of the naturally articulated 13 vertebrae indicate that this
last vertebra should be the first dorsal vertebra.
Thus, with the atlas, the number of the cervical
vertebrae is 13. The measurements of the pre-

Fig. 5 . The cervical vertebrae and the antcrior dorsal vertebra (the last one) of Ncmcgiin bnrsboldi gen. el sp.
nov. (GIN100/2 1 12). In lateral view (A). and dorsal view (B). Scale bar-Scrn. Abbreviations as In appendix
I.
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Table I. The measurements of the 12 (including part of axis but not thc atlas) articulated cervical vertebrac and
the first dorsal vertebra (mm).

Length of the centrum
Width of the centrum

"*"

C2

C3

C4

C5

C6

C7

C8

C9

ClO

C11

C12

C13

Dl

?
?

33
15

29
27

32
30.5

31
39

31
39

33
40

35
42*

37
42*

37
43

36
48

33
52

31
52*

represents estimation. "'? missing

served 13 vertebrae are given in Table I .
Only the posterior part of the axis is preserved
and it is fused with the third cervical vertebra.
Two postzygapophyseal facets are preserved and
the distal end of the postzygapophysis is relatively sharp. There is no epipophysis on the dorsal
surfaces of postzygapophyses.
The anterior end of the 3rd cervical vertebra is
almost twice as wide as the posterior end. The
central part of the lateral surface is strongly depressed with a well-developed elongated pleurocoel. In the lateral view, the centrum is wedgeshaped. There is a weak epipophysis on the posterodorsal surface of the postzygapophysis. The
posterior articular end of the centrum is concave.
The neural arch of the 4th cervical vertebra is
obviously larger than that of the 3rd centrum. but
the length of the centrum is slightly shorter than
the anterior one. From the lateral view, the anterior articular end slants anterodorsally at 45O, corresponding to the posterior end of the anterior
connected centrum. The anterior margin of the
prezygapophysis slightly outruns the anterior
margin of the centrum, whereas the posterior
margin of the postzygapophysis is at the level of
the posterior end.
In dorsal view, the distance betwcen the
postzygapophyses of the 5th cervical vertebra is
greater than that between the prezygapophyses.
The epipophysis is well developed. The anteriorly slanted spine is much lower than the previous
one. The anterior margin of the prezygapophysis
extends far beyond the margin of the anterior end
of the centrum. The posterior margin of the
postzygapophysis is located anterodorsally to the
posterior articular end of the centrum. Compared
with the 4th vertebra, the relative position of the
neural arch on the centrum is greatly changed

the position of the neural arch is much more forward.
The distance between the prezygapophyses
and that of the postzygapophyses of the 6th cervical vertebra is nearly equal to the length of the
centra, thus forming a square outline. This is different from that of other centrum in that the anterior and posterior widths are equal in dorsal view,
the diapophyseal facets are larger than that of the
anterior ones, but smaller than that of the postcrior ones.
In dorsal view, the distance between the prezygapophyses of the 7th cervical vertebra is longer
than that of the postzygapophyses. The lateral
surface of the centrum is concave, with a welldeveloped pleurocoel on the central part. The anterior margin of the pleurocoel is sharp, its posteroventral margin is not clear. The size, position
and the morphology of epipophysis are similar to
that of the 6th cervical vertebra.
The neural arch of the 8th cervical vertebra is
obviously smaller than those of the anterior ones.
The distance between the prezygapophyses is
slightly greater than that of the postzygapophyses. The epipophysis is relatively small and located anteriorly. The facet of the postzygapophysis
faces posteroventrally.
In the 9th to 13th cervical vertebrae, the size
of each vertebra is nearly equal. The position of
pleurocoels on the lateral surface of the centra
gradually moves posteriorly from the 9th centrum to the 13th centrum. It arrives at the central
part of the centrum in the 12th cervical vertebra.
and the pleurocoel is oval. The radius of the posterior margin of the pleurocoel is larger than
those of the anterior ones, while the radius of the
anterior margin of the pleurocoel is larger than
the posterior one in the anterior vertebrae. There
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are clear fossae posteroventral to the prezygapophyses of the 1 Ith and the 12th cervical vertebrae. The infradiapophyseal fossa is reduced in
the posterior vertebrae. There is no infraprezygapophyseal fossa. The distance between the
prezygapophyses of the five vertebrae is equal to
that of the postzygapophyses, but this distance is
shorter than the length of the centrum. Therefore,
their outlines are rectangle. The facet of the
postzygapophysis faces postolaterally. The posterior part of the ventral surface of the centrum is
flat and slightly expanded.
The neural spines of the cervical vertebrae are
short and centered on neural arch, giving neural
arches an "X" shaped appearance (Fig. 5B), as
that in Caenagnathidae, Microvenutor celer-, and
other oviraptorids (Makovicky and Sues, 1998).
The vertebrae in the middle of the cervical series
are the largest (5th, 6th and 7th). The facets of
the postzygapophysis from the 3rd to 8th cervical
vertebrae face posteroventrally, while those from
the 9th to 13th vertebrae face posterolaterally. An
infradiapophyseal fossa appears in the 1 1 th and
12th cervical vertebrae. In dorsal view, the outline formed by the four zygapophyses in the sixth
cervical is nearly square, it is rectangle (the angle
formed by the right-left prezygapophysis with the
centered neural arch is greater than 90") in the
4th and 5th cervical vertebrae, but the angle is
less than 90" after the seventh cervical vertebrae.
There are also variations in the pleurocoels. They
are relatively small in anterior vertebrae. The anterior margin of the oval pleurocoel is larger than
that of the posterior margin from the 3rd to 9th
cervical vertebrae, whereas the pleurocoel of the
10th is circular. From the I lth to the last cervical
vertebrae, the posterior margin of the pleurocoel
is larger than its anterior margin.
Almost all the cervical ribs are preserved. The
axis rib is slender, rod-like and it is the longest
one among the cervical ribs. It extends to the anterior end of the 4th cervical rib. The 3rd cervical
rib is also rod-like. longer than the length of the
3rd centrum.
The 5th and the 6th cervical ribs are very similar. The rib head is fused with the parapophysis,
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while the rib tubercle is not fused with the centrum. The rib tubercle of the 5th cervical rib is
smaller than that of the 6th cervical rib.
In the 7th to 12th cervical ribs, the rib tubercle
and rib head are completely fused with the diapophyses and parapophyses of the centra. The
tubercle of the 13th cervical rib is clearly not
fused with parapophysis, and its morphology is
similar to the anterior ones.
Do,sul ver-tehrme: Only the anterior one and
a half dorsal vertebrae, and three posterior dorsal
vertebrae and two neural arches, which articulated with the sacral vertebrae, are preserved. The
count of dorsal vertebrae is uncertain.
The pleurocoel in the 1st dorsal vertebra is
much larger than those of cervical vertebrae. The
distance between the postzygapophyses becomes
shorter. There is a weak ventral keel. A clear projection on the middle part of the ventral margin
of the anterior end of the vertebra represents the
hypapophysis. According to Sues (1997). the
presence of the hypapophysis generally appears
to be restricted to the first three or four dorsal
vertebrae in non-avialan theropods. Compared
with the cervical vertebrae, the first dorsal vertebra is short and high, and the posterior articular
end is flat. The spine is triangular in anterior and
posterior views. The anterior margin of the
prezygapophyseal facet approaches the middle of
the anterior vertebra, unlike that of the cervical
vertebrae. Only the anterior part of the 2nd dorsal vertebra is preserved and the anterior articular surface is strongly concave.
On the five preserved posterior dorsal vertebrae, only the neural arches of the anterior two
posterior dorsals are preserved. The base of the
transverse process is wider than on posterior vertebra. The pleurocoel in the middle two is large
and circular. The neural spine is wide, thin and
plate-like. Its width is nearly 213 of the length of
the vertebra.
The last dorsal vertebra is located medial to
the anterior end of the ilium, and has a free rib,
but its transverse process contacts the ilium. The
ventral surface of the centrum is round. There is
a large pleurocoel in the middle of the lateral sur-
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Fig. 6.

Sacrum and pclvic girdle of ~Vetnegtiahaisbold; gen. el sp. nov. (GIN 10012112)

face of the centrum. The posterior articular end
1s not fused to the first sacral vertebra and the articular surface is slightly concave.
Sacral vertebrae: There are 8 sacral vcrtebrae (Fig. 6). The anterior six are completely preserved, the 7th sacral vertebra is partly preserved,
and the 8th has preserved only a small antcrlor

part and its neural arch. Whether their spines are
fused together or not is uncertain, due to their
being covered by the matrix, but it is clear that
thc distal ends of the spincs do not rise above the
dorsal marglns of the ilia. The measurements of
the sacral vertebrae are given in Table 2.
The width of the anterior end of the 1st sacral
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Table 2. The measurements of the sacral vertebrae (mm).

Length of the ccntrum
Widthoftheccntrum

SI

S2

S3

S4

S5

S6

S7

S8

32
22

33
23

29
22

29
20

29
21

32
21

40
?

?
?

vertebra is greater than its posterior end. The anterior articular end is strongly concave. The ventral surface of the centrum is smooth. The 2nd
sacral vertebra is similar to the Ist, except that
the pleurocoel is elongated and enlarged and it
occupies nearly 112 the length of the centrum.
The width of the anterior end of the 3rd centrum
is larger than its posterior e n d while in the 4th
and 5th centra, the width of both ends is equal.
There is a shallow groove on the anterior portion
of the ventral surface in the 4th centrum. This is
clearly different from other centra. The pleurocoel becomes smaller, and the sacral rib of the
4th vertebra is located at the same level as the ischiadic peduncle. The anterior articular end is
larger than the posterior in the 6th centrum. and
the contact area of the rib with the centrum is the
largest among the sacrals, occupying nearly the
whole length of the centrum. Only a small part of
its anterior end is fused with the posterior end of
the 5th centrum. The small pleurocoel is located
on the mid-posterior part of the centrum. The
distal end of the 7th sacral rib is divided into two
parts, which contact the ilium. Posterior to where
the sacral rib is fused with the sacral centrum,
there are two fenestrae, which are nearly parallel
to each other, and they are much larger than the
anterior pleurocoels. The right sacral rib of the
8th sacral vertebra is fused with the transverse
process of the centrum and is nearly rod-like.
The middle of the rib shaft is relatively slender.
but both ends are widened. Its distal end tightly
contacts the internal surface of the ilium. The
preserved part shows that the fusion with the
connected centra is weaker than that of other centrum.
Cu~idulvertrhrue: Only the neural arches of
the first two caudal vertebrae are preserved. The
nearly vertical facet of the prezygapophysis faces

inwards, while the postzygapophysis faces laterally.
Shoulder girdle und the,/iwe linzh: The proximal end of the left scapula is preserved. It is similar to those of other oviraptorosaurs. Distal parts
of both humeri are preserved (Figs. 7A. B). The
preserved portions are similar to other oviraptorosaurs. but there is a fossa on the anterior surface (Fig. 7A, fmb) occupying a similar position
to the,fixsu m. hruchiulis (Baumel and Witmer,
1993) in modern birds. This is not observed in
other oviraptorosaurs.
The right radius is completely preserved (Figs.
7C, D). It is straight, and the cross section o f t h e
shaft is oval. Both ends are slightly expanded but
the proximal is larger.
Pelvic girdle und the hind linzh (Fig. 6 ) : The
preserved length of the ilium is 280 mm. In lateral view. the dorsal margin of the ilium is straight,
and the depth of the preacetabular process is the
same as that of the postacetabular process. The
anterodorsal part of the preacetabular process is
concave, while its ventral part is convex. The
pubic peduncle is slender and projects downwards and its articular end is triangular. The ischiadic peduncle is relatively stout with a round
articular end. Dorsally, the ilia nearly meet. but
are not fused. The same condition is also found
in other okiraptorosaurs, such as Non~ingiugohiensis (Barsbold, Osmolska et ul., 2000).
Only the proximal part of both ischia is preserved. The process that contacts the pubis is
smaller than that which articulates with the ilium.
The proximal ends of both pubes are preserved.
Only the proximal end of the femur is preserved. There is a clear neck between the femoral
head and the shaft of the femur. The angle of thc
neck and the shaft is about 90". There is a shallow groove between the greater trochanter and
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Fig. 7. The left humerus in anterior view ( A ) and posterior view ( B ) and the right radius in medial view (C) and
lateral view (D) of Nernqyitr huncsholdi gcn. ct sp. nov. (GIN100121 12). Scale bar=4cm. Abbreviations as in
appendix I .

the crest is located above between the lacrimals
in 0. mongoliensis, although the anterior margin
of the crest is nearly vertical (Barsbold and
Osmolska, 1990). Dorsally, the premaxillae are
barely exposed and the anteroposterior length of
the parietal is greater than the frontal in Nemegtia harsboldi, but the exposed nasal process of
Comparison and Discussion
the premaxilla is much larger than the nasals, and
The high, narrow and short skull with tooth- the lengths of the parietal and the frontal are
less jaws and the medial process of the articular nearly equal in 0 . philoceratops (Barsbold and
indicate that Nemrgtia barsholdi is a derived ovi- Osmolska, 1990). An additional opening appearraptorosaur (Barsbold and Osmolska, 1990; ing on the wall within the antorbital cavity in NeBarsbold 1997). Nemegtia is different from Ovi- megtia barsholdi is smaller than that of the 0 .
raptor- in the skull crest. The anterior margin of philoceratops. The posterior margin of the
the skull crest is vertical and the highest point of quadrate condyle is distinctly posterior to the anthe crest is located between the nasals and pre- teroventral margin of the occipital condyle in 0 .
maxillae in Nemrgtia harsholdi. The dorsal ante- philoceratops. The shape of the ilium, and the
rior margin of the premaxilla projects forward number of the sacral vertebrae are also different
and the ventral anterior margin of the crest is betwccn Nemegtia and Oviraptor.
concave posteriorly in the specimen GIN 100142,
Nenwgtia hursboldi has eight sacral vertebrae
which was described as Oviraptor- philoce~ntops whereas Ingenia evunshini has six or seven. Neby Barsbold et al. ( 1990). The highest point of megtia havsholdi has a distinct crest in contrast

the femoral head. The lesser trochanter is smaller
and fingerlike. It connects tightly with the greater
trochanter. The broken surface shows that many
bony struts are distributed near the lateral wall of
the shaft.
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to lngenia junshini. The ischiadic peduncle of
the ilium is relatively stout, and the pubic peduncle is relatively weak in Nemegtia bur:sboldi, as
opposed to the condition in lngmia uvunLshini.
Nenwgtia bur-sholdi is different from Conchoraptor gracilis in having a developed crest,
while the skull has no crest in Conchoraptor gracilis.
Nemegtiu hursholdi is different from Citipati
osmolskue, in that the convex crest is higher than

the dorsal surface of the skull, and the occiput
and the quadrate are vertical, while the top of the
skull crest is below the dorsal surface of the
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skull. the occiput and the quadrate sloped anterodorsally in Citiputi osmolskue (Clark el al.,
2001; 2002), the width and the length of the cervical vertebrae are not so different in Nemegtiu
hursholdi, but the length of the cervical vertebrae
is about two times longer than their width in Citiputi osmolskue. The phylogenetic analysis shows
that Nemrgtiu bursholdi is more closely related
to Citipati osmolskue than to any other oviraptorosaurs (Fig. 8).
Nemegtia hursboldi differs from Khaun
mckennai (Clark rt ul., 2001) in having both a
distinct skull crest and a parietal crest, which are
Allosauroidea
Ornithomimidae
Dromaeosauridae
Troodontidae
Archaeopteryx lithographica
A vimimus portentosus
Chirostenotes pergracilis
Nomingia gobiensis
"Oviraptor" mongoliensis
lngenia yanshini
Conchoraptor gracilis
Heyuannia huangi
Nemegtia barsboldi
Citipati osmolskae

GIN 1 00142
Oviraptor philoceratops
Khaan mckennai
Microvenator celer
Caudipteryxzoui
lncisivosaurus gauthieri
Fig. 8. One most parsimonious tree found by PAUP.
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lacking in Khuun. The dorsal process of the premaxilla is vertical in Nemegtiu hucsholdi, but it
extends posterodorsally in Khuun mckennui, the
jugal extends further anteriorly in Nemegtia h a w
holdi, but it extends further posteriorly in Khaun
mckennui.
Nemegtia hursholdi is different from Nomingiu
gohiensis in that having eight sacral vertebrae,
compared to five in Nomingia gohiensis; the dorsal margin of the ilium is straight in Nemegtiu
hursholdi, but convex in Nomingia gohiensis; the
pubic peduncle is more slender and weaker in
Nemegtiu hursholdi, compared to Nomingiu gobiensis. Nomingiu has a pygostyle (Barsbold Currie et ul., 2000).
Nentegtiu bar-sholdi differs Microvmafor celer
in having one pleurocoel on the cervicals and hypophysis on the ventral surface of dorsal vertebrae in Nemegtiu, compared with two pleurocoels and no hypophysis in Micramutor cder:
the number of sacral vertebrae is at least 8 in Nemegtia hursholdi, it is less than 6 in Micrownutor celer.
Nemegtiu hur.sholdi differs from Cuudipter:w
zoui in that Nernc>gtiubur-sholdi has no premaxillary teeth, while Cuudiptenx zoui has premaxillary teeth. Nemegtiu has a well-developed crest
in the skull, but the skull of Cuudipter:w zoui
lacks a crest. Additionally, the pubic peduncle is
slender and weaker than ischiadic peduncle in
Nemegtiu hursholdi, but it is stronger in
Cuudipter;~~,~
zoui.
Nemegtiu hursholdi differs from Heyuannia
huungi (Lii, 2003) in that the articular surface for
the quadratojugal is convex, while it is more
groove-like in Hqvuunniu huangi. Nemegtiu
hursholdi has a developed skull crest. whereas
Hqaranniu huungi does not. In the lateral view.
the dorsal margin of the ilium is straight throughout its length. while it is convex in Hejwunniu
huungi.
The relative position of the external nasal
opening and the antorbital cavity varies in different oviraptorosaurs. The apparent primitive state
is with the dorsal margin of the external nasal
opening below or near the level of the dorsal

margin of the antorbital cavity (Fig. 9). such as in
1ncisivosaurv.s guuthieri. In Cuudipteiy sp.
(IVPP V 12430, Zhou et al., 2000). although the
skull is heavily crushed it still can be inferred
that the dorsal margin of the external nasal opening is below the dorsal margin of the antorbital
cavity. Derived forms have the dorsal margin of
the external nasal opening above the dorsal margin of the antorbital cavity, a larger distance
being more derived. This condition in Nemegtiu
harsholdi shows that Nemegtiu hursholdi is a
more derived oviraptorosaur.
The morphology of the lower jaw of Nemegtiu
shows that it is similar to those of derived oviraptorosaurs, Oviruptor phi1ocemfop.s and 0. wongoliensis, Ingeniu yanshini (Barsbold et a/.,
1 !NO), Citipuri o.smolskue (Clark el ul.. 2002).
Khuun mckennui (Clark et ul.. 2001). and
Hg:l,uunniuhuungi (Lii. 2003). in which the lower
jaw is short and deep, the upper margin of the external mandibular fenestra is formed by the
surangular and the dorsal branch of the dentary,
the surangular has a middle branch, which projects into the external mandibular fenestra. The
ventral surface of the lower jaw is convex. and
the mandibular symphysis is short. This is different from that of Cuenugnuthus collinsi (Sternberg. 1940; Cracraft. 1971; Currie et ul.. 1993).
where the lower jaw is slender and shallow, the
mandibular symphysis is also longer, the external
mandibular fenestra is elongate with a dorsal
margin, wHich is formed by the surangular, and
the surangular had no middle branch. Incisivo.suurus guuthieri (X U , Cheng et 01.. 2002)
also has a longer lower jaw. similar to that of
Cuenugnuthus collinsi, but it bears teeth. It
may represent a primitive caenagnathid oviraptorosaur.
Eight sacral vertebrae are present in Nemegtiu
hur.sholdi, similar to some derived oviraptors but
more than most known non-avian theropod
dinosaurs. More basal theropods. such as
Compso,qnuthu.s longipes (Ostrom, 1978). and
Dilophosuzrrzrs wetherilli (Welles, 1984) have
four sacrals, five in the relatively advanced
theropods-Ceruto.su~rrz~.s(Gilmore, 1920). Al-
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Fig 0 Skulls of ( A ) Inciti~~oso~irus
g(~cru/l~ieri.
(B)GIN 100121 12. (C) Khuon tr/ckeunai (from Clark ct ul..
2001). ( D ) Oviruplor philocevotops (revcrsed. from Clark c.1 01.. 2002). ( E ) C ' U I ~ I O ~ gi.ircilis,
O ~ ~ O ~(FI " 0 1 : i /.iip/oi"' 111011go1ic~nsi.s.
(GI Citipcili o.sn~ol.skuc~
(from Clark er a/.. 2002), and ( H ) Ovirupfor pkilocerrr~ops
(GIN 100142) (from Barsbold. 1986). Scale bar=5 cm in A. B: E and F, 2 c m in C and D. 4 c m in H.
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losau~*zu
,/ragiis (Madsen, 1976). Nomingia gobiensis (Barsbold Osmolska el a/., 2000). six or
seven in Oviraptor (Barsbold et al., 1990). and
eight in Hqwannia huangi (Lu. 2003).
Nernegtia barsboldi independently acquired
the avian characters such as the fused premaxillae, as in Confzicizisornis sanctus (Chiappe et al.,
1999). toothless jaws, and the presence of nutrient openings on the premaxilla and the maxilla as
in other oviraptorids.
Sharp ventrolateral margins of the premaxillae
indicate that a keratinous structure probably covered the end of the rostrum, as in Er1icosaurv.s
undrewsi (Clark et al., 1994), ornithomimids
(Norell, Makovicky, and Currie, 200 1 ; Kobayashi
and Lu, 2003), and birds. The rod-like jugal is
similar to that of Confuciusornis sunctus and
other birds (Elzanowski, 1999). the mobile condition between the quadrate and the quadratojugal is similar to the condition of most birds, and
so are the increased cervical and sacral vertebral
counts.
Phylogenetic Analysis
In order to determine the phylogenetic status
of Nemegtia barsboldi among oviraptorosaurs,
20 taxa and 200 characters (107 cranial and 93
postcranial characters) (Appendices 2 and 3) are
used for this analysis. All characters are equally
weighted and unrooted. The character/matrix are
modified from Maryanska et (11. (2002). Five new
genera of Oviraptorosauria are added to the matrix; these include Khaan mckennai (Clark et ul.,
2001), Citipati osmolskae (Clark et al., 2001,
2002), Incisivosaur-us gauthieri (Xu, Cheng et
al., 2002), Nemegtia barsboldi, and Heyannia
huangi (Lii, 2003). The aim of this analysis is to
determine the phylogenetic position of Nemegtia
bur*sholdi among oviraptorosaurs, so the most
primitive forms such as Hc.rwrusuirr~irs ischigualastensis, Coeloph~~sis
bauri, and the specialized forms such as Tyrannosauridae and Alvarezsauridae, which were used by Maryanska et
al. (2002) as the outgroup in their analysis, are
excluded from the present analysis. Although Mi-

crovenator celer and Troodontidae were excluded in Maryanska et al.'s analysis due to the large
amount of missing data they thought (Maryanska
et al., 2002). taxa should not be excluded a priori
from phylogenetic analysis based only on the
number of preserved characters (Kearney and
Clark, 2003). Therefore, in the present analysis,
these taxa are still employed. Most characters are
from Maryanska et al. (2002). New characters
and their sources in appcndix 2 arc in bold.
Phylogenetic analysis was performed using
MacClade 3.08 (Maddison and Maddison. 1992)
and PAUP 4.0b (Swofford 1998). Because of the
large data set (20 taxa) and many missing character states, a Heuristic Search was used (Swofford
and Begle, 1993), with branch-swapping options
of the TBR swapping algorithm method. The
analysis resulted in one most parsimonious tree
(tree length=48l; consistency index=0.5073; retention index=0.6269) (Fig. 8). This tree shows
that Oviraptorosauria forms a monophyletic
group. Nineteen unambiguous synapomorphies
support this clade. These characters are 1(1),
9(1), 23(1), 37(1), 40(1), 41(2), 431)- 46(1),
47(1), 55(1), 58(1), @(I), 71(1), 76(1), 77(1),
81(1), 84(1), 86(1) and 88(1). The primitive
forms, such as Incisivosaurus gauthieri,
Caudipteryx zoui, Microvenaior celer-, and Avimimus portentosus form an ascending sequence
from most basal to more derived in the tree.
Avimimus portentosus is a basal form of Caenagnathoidea. Following Barsbold ( I981 ; 1983),
Maryanska et al. (2002) used GIN 100142 (IGM
100142) as the representative of Ovir-aptor philoceratops in their phylogenetic analysis. The present analysis shows that GIN 100142 and Oviraptor philoceratops are closely related. GIN 100142
either belongs to a different species of the same
genus as 0. philoceratops or the same species,
the latter differs from Clark et ul.3 judgment
(Clark et al., 2002). Nemegtia harsholdi is closely related to Citipati osmolskae.
Conclusion

Nemegtia barsholdi is distinguished by at least
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five autapomorphies from other known oviraptorosaurs (vertical skull crest, anteroposterior
length of the frontal approximately 25% of that
of the parietals in dorsal view, less exposed nasal
process of the premaxilla on the dorsal surface of
the skull, a process on the quadrate projecting
into the cotyla of the quadatojugal, mandibular
condyles of the quadrate situated rostrally to the
occipital condyle). Phylogenetic analysis shows
that Nemrgtia har~sholdiis closer to Citipati osmolskue than to other oviraptorosaurs.
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Appendix 1
Abbreviations: An: angular; ar: articular;
asc: articular-surangular-coronoid complex; bs:
basisphenoid: cav antorb: antorbital cavity; ch:
choana; CH: chamber; d: dentary; ec: ectopterygoid; emf: external mandibular fenestra: eo: exoccipital; f: frontal; fmb: ,fi.ssa m. hrachialis; j:
jugal: I: lacrimal; lat: laterosphenoid; m: maxilla;
m f maxillary fenestra; na: nasal; nar: narial
opening; oc: occipital condyle; o, orbit; or: orbitosphenoid; SP: supporting pillar; p: parietal:
pa: palatine; par: parasphenoid; pm: premaxilla;
po: postorbital pre: prearticular; pt: pterygoid; q:
quadrate; qj: quadratojugal; sof: suborbital fenestra; sq: squamosal; stf: supratemporal fenestra; t:
tooth-like process formed by maxillae and
vomers: v: vomer.
Appendix 2.
Characters for phylogenetic analysis of the relationships among Oviraptorosauria (modified
from Maryanska et a[., 2002 with additional taxa
and recoded and additional characters as noted in
bold) and data matrix: O=plesiomorphic character state; 1.2.3 =derived character states;
? =missing data: p=character not applicable.
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Preorbital skull length to basal skull
length ratio: 0.6 or more (0); 0.5 or less
(1).
Longitudinal
pneumatized
crest-like
prominence on the skull roof absent (0),
present ( 1 ).
Premaxilla main body length (ventral) to
height (below the naris) ratio: 1 .O-1.4(0);
more than 1.7(1); 0.7 or less (2).
Otosphenoidal crest vertical on basisphenoid and prootic, and does not
border an enlarged pneumatic recess
(0) o r well developed, crescent shaped,
thin crest forms anterior edge of enlarged pneumatic recess (1). This structure forms the anterior, and most distinct,
border of the "lateral depression" of the
middle ear region (see Currie, 1985; Currie and Zhao, 1993) of troodontids and
some extant avians (Hwang et al.. 2004).
Subnarial (maxillary) process of the premaxilla: contacts the nasal, the maxilla excluded from the narial border (0); does not
contact the nasal, the maxilla participates
in formation of the narial border (1 ).
Premaxillae in adult: unfused (0); fused
( I ) (Chiappe, 1996).
Pneumatization of the premaxilla: absent
(0); present ( 1 ).
Basisphenoid recess present between
basisphenoid and basioccipital (0) or
entirely within basisphenoid (1) or absent (2) (Hwang et al., 2004).
Subantorbital portion of the maxilla: not
inset medially (0); inset medially (I).
Palatal shelf of the maxilla with two longitudinal ridges and a tooth-like process: absent (0); present ( 1 ).
Rim around the antorbital fossa: well pronounced (0); poorly delimited ( 1 ).
Antorbital fossa: not bordered rostrally by
the premaxilla (0): bordered rostral ly by
the premaxilla ( I ).
Preorbital region of the skull in posthatchling individuals: elongate, nasals
considerably longer than frontals, max-
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illa at least twice the length of the premaxilla (0); shortened, nasals subequal
in length to frontals o r shorter, maxillary length less than twice the length of
the premaxillary body (I) (Rauhut,
2003). In the majority of theropods, the
preorbital part of the skull forms an elongate snout. with maxilla and nasal being
two of the longest bones of the skull roof.
In the basal oviraptorosaur Incisivosuurtrs
gauthier-i and in Nemrgtia barsholdi, the
nasal is longer than the frontal (Xu et al.,
2002). In Cuudiptery zoui (Ji et ul.,
1998) and most derived oviraptorosaurs,
the nasal is shorter than the frontal.
Maxillary process of premaxilla contacts nasal to form posterior border of
nares (0) o r maxillary process reduced
so that maxilla participates broadly in
external nares (1) or maxillary process
of premaxilla extends posteriorly to separate maxilla from nasal posterior to
nares (2) (Hwang et al., 2004).
Nasal recesses: absent (0); present (I).
Caudal margin of the naris: rostral to the
rostral border of the antorbital fossa (0);
nearly reaching or overlapping the rostral
part of the antorbital fossa ( I ) ; overlapping most of the antorbital fossa (2).
Ventral margin of the external naris: at the
level of the maxilla (0); dorsal to the maxilla ( l ).
Prefrontal: present (0); absent or fused
with the lacrimal ( I ) . In the majority of
theropods, the prefrontal is large. Prefrontal may be absent in all oviraptorosaurs, including the primitive Incisivosaurus guuthieri.
Lacrimal recess: absent (0); present ( I).
Premaxillary symphysis acute, Vshaped (0); or rounded, U-shaped ( I )
(Hwang et al., 2004).
Pronounced, round accessory antorbital
fenestra absent (0); o r present (I). A
small fenestra. variously termed the accessory antorbital fenestra or maxillary fen-
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estra, penetrates the medial wall of the antorbital fossa anterior to the antorbital fenestra in a variety of coelurosaurs and other
theropods (Hwang et ul., 2004).
Parietal length to frontal length ratio: 0.6
or less (0); 1.0 or more (I ).
Narial region apneumatic or poorly
pneumatized (0); or with extensive
pneumatic fossae, especially along posterodorsal rim of fossa (1) (Hwang et
a/., 2004).
Sagittal crest on the parietals: absent (0);
present ( I ) .
Jugal pneumatic recess in posteroventral corner of antorbital fossa present
(0); or absent ( I ) (Hwang et a/., 2004).
lnfratemporal fenestra: ventrally nearly as
long as high rostrally (Oj; shorter ventrally
than ( I ) ; large, square (2); not separate
from the orbit (3).
Descending (prequadratic) process of the
squamosal: constricting the dorsal part of
the infratemporal fenestra (0); not constricting the infratemporal fencstra ( 1 ).
Jugal and quadratojugal separate (0);
or quadratojugal and jugal fused and
not distinguishable from one another
( 1 ) (Hwang et a/., 2004).
Suborbital part of the jugal: deep
dorsoventrally and flattened lateromedially
(0); shallow dorsoventrally or rod-shaped
( 1 ).
Jugal-postorbital contact: present (0); absent ( 1).
Quadratojugal process of the jugal in lateral view: forked (0); tapering (I); fused
with the quadratojugal (2).
Quadratojugal-squamosal contact: tips
of the bones widely separated (0); the
contact present ( I ) (modified).
Ascending (squamosal) process of the
quadratojugal: massive, bordering about
the ventral half of the infratemporal fenestra (0); slender, bordering the ventral half
or less of the infratemporal fenestra ( I ) ;
slender, bordering the ventral two-thirds

or more of the infratemporal fenestra (2);
absent (3).
34. Dorsal part of the quadrate: erect (0); directed backwards ( 1 ).
35. Otic process of the quadrate: articulating
only with the squamosal (0); articulating
with the squamosal and the lateral .wall of
the braincase ( I ).
36. Pneumatization of the quadrate: absent
(0); present (1). In many theropods, the
quadrate is a solid bone and it is not invaded by a diverticulum of the tympanic
pneumatic system, but the quadrate is
pneumatized by the quadrate diverticulum
in most modern birds. The diverticulum
enters the bone ventromedially, dorsomedially or caudally (Witmer, 1990). In dromaeosaurids ( klocivaptor rnongoliensis)
and other non-avian theropods. the
quadrate lacks pneumatic foramina (Colbert and Russell, 1969; Madsen. 1976;
Bonaparte et al., 1990; Barsbold and
Osmolska, 1999). Among non-avian
theropods, troodontids (Currie and Zhao,
1993b) and tyrannosaurids (Molnar, 1 99 1 )
are the exception, in which the quadrate is
pneumatic. A large pneumatic foramen is
placed anteromedially and somewhat
below the mid-height in some oviraptorids
(Maryanska and Osm6lska, 1997). Some
birds, such as Archuroptervx lithographica, Hespe~*ornisregalis and Puruhesperornis alexi (Chiappe, 1996) also lack pneumatic foramina. The quadrate diverticulum perforates the lateral surface of the
quadrate in Patagoptriyx defkvruriisi (Chiappe, 1996), and a similar condition is
present in Hqumnniu huungi (Lii, 2003).
but it is absent in "Ovivap/or" rnongoliensis. The lateral position of the entrance of
the quadrate diverticulum is regarded as
1kf21.an autapomorphy of Patugop/~'~:~:r
rariisi (Chiappe, 1996). but the similar position in Hevuanniu indicates an independent acquisition. Witmer ( 1990) considered the presence of quadrate pneumatici-
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ty as a synapomorphy of the Carinatae
[Ichthyornithi tomes+ Aves], but Chiappe
( 1996) thought that a pneumatic quadrate
was present at least in the common ancestor of Putugoptery di?f~rrurii.siand the
Ornithurae and it might have evolved as
early as at the origin of the ornithothoraces. The pneumatic quadrate in oviraptorosaurs is considered here as independently acquired.
37. Accessory process for a contact with the
quadratqjugal on the distal end of the
quadrate: absent (0); present ( 1 ).
38. Quadratojugal sutured to the quadrate
(0); or joined through a ligamentary articulation (1) (Chiappe, 2001, 2002). In
Archueopte~xand most non-avian theropod dinosaurs, the quadratojugal is sutured to the quadrate, in almost all derived oviraptorosaurs, a cotyle is present
either on the quadrate ("Ovirapror" mongoliensis, GIN 100142. and Conchorapror
g r a d i s , Maryanska et al.. 2002) or on the
medial surface of the quadratojugal GIN
100121 12 (Lii et ul., 2002). Heyuunniu
huangi has a groove-like structure on the
quadrate (Lii, 2003). The presence of a
cotyle or a groove-like surface on the
quadrate or quadratojugal is interpreted
here as a ligamentary articulation between
the quadrate and quadratojugal. In Ciripati
osmolskar, the quadrate is tightly sutured
to the quadratqjugal (Clark et al., 2002).
A shallow depression is present on the lateral condyle of the quadrate in Confuciusornis sanctus (Chiappe et al., 1999),
therefore it is interpreted as having a ligamentary articulation between the quadrate
and quadrato.jugal.
39. Mandibular condyles of the quadrate situated: caudal to the occipital condyle (0);
in the same vertical plane as the occipital
condyle (I); rostral to the occipital
condyle (2). In Herrerasuurus ischiguulastensis (Sereno and Novas, 1993),
A1losuurw.s and sinraptorids (Currie and

Zhao, 1993a). the mandibular condyle of
the quadrate is caudal to the occipital
lithogruphicu,
condyle. In Archuropte~y.~
lncisivosaurus guuthieri and Cuudipter:w
sp. (IVPP V 12430), the mandibular
condyle of the quadrate is rostral to the
occipital condyle. Although there are no
completely three-dimensionally preserved
skulls of Cuudipte~vx,the preserved skull
is little disturbed in Cuudipteiyx sp. (IVPP
V 12430). It shows clearly relative position between the mandibular condyles of
the quadrate and the occipital condyle. In
Nemegtia hu~,sholdiand "Oviruptor" mongo1ien.si.s and Hqwunnia huangi, the
mandibular condyles of the quadrate are
in the same vertical plane as the occipital
condyle.
40. Enlarged foramen or foramina opening
laterally at the angle of the lacrimal, absent (0); or present (1) (Hwang et a/.,
2002).
4 1 . Paroccipital process directed: laterad (0);
lateroventrad ( 1 ), ventrad (2). In both Herrerusaurus ischigualus/ensis and AIlo.suunu fkgilis, the paroccipital process
is directed lateroventrally. but it is directed
much more strongly so in A. fi-agilis than
in H. i.schigzrulasrensis. The paroccipital
process directed ventrad in Incisivosuur~rs
gauthieri, Chirostmotes pergrucilis. and
derived oviraptorosaurs.
Dorsal surface of parietals flat, lateral
ridge borders supratemporal fenestra
(0); or parietals dorsally convex with
very low sagittal crest along midline ( I ) ;
or dorsally convex with a well-developed sagittal crest (2) (Hwang et a/.,
2004).
Foramen magnum: smaller than or equal
to the occipital condyle (0); larger than the
occipital condyle ( I).
Basal tubera: modestly pronounced (0);
well pronounced, widely separated ( 1 ).
Pneumatization of the basisphenoid: weak
or absent (0): extensive ( 1 ).
,
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Basipterygoid process: well developed
(0); strongly reduced (1 ); absent (2).
Posterior end of dentary without posterodorsal process dorsal to mandibular
fenestra (0); or with dorsal process
above anterior end of mandibular fenestra (1); or with elongate dorsal process
extending over most of fenestra (2)
(Hwang etal., 2004).
Parasphenoid rostrum: horizontal or directed rostrodorsad (0); slanting rostroventrad ( 1 ).
Tibiofibular crest in the lateral condyle
of femur: absent (0); present (1) (Ji et
a/., 1998).
Parietals separate (0) or fused (1)
(Hwang etal., 2004).
Foramen magnum subcircular, slightly
wider than tall (0); or oval, taller than
wide (1) (Hwang et a/., 2004).
Medially extended pterygoids meeting
each other along the midline and ventrally
underlying the basisphenoid and parasphenoid: absent (0); present ( I ).
Quadrate wing of the pterygoid: distinct
from the braincase wall (0); overlapping
the braincase ( I).
Pterygoid basal process for contact with
the basisphenoid: absent (0); present ( I ).
Ectopterygoid situated: lateral to the
pterygoid (0); rostra1 to the pterygoid ( 1 ).
Ectopterygoid contacts with the maxilla
and lacrimal: absent (0); present ( I ).
Hook-like jugal process on the ectopterygoid: present (0); absent ( I ).
Massive pterygoid-ectopterygoid longitudinal bar: absent (0); present ( 1).
Palate cxtending below the cheek margin:
absent (0); present ( 1).
Palatine: tetraradiate or trapezoid (0); triradiate, without a jugal process ( 1); developed in three plane perpendicular to each
other (2). Triradiate palatine is present Incisi~vsaurusguuthieri (Xu, Cheng et ul.,
2002). Citiputi osmolskue (Clark et al.,
2002) and GIN 100\21 12. So Hwang et 01.

(2004), in which IGM 1 OOM2 was coded as
having a tetraradiate palatine, may be
wrong.
Pterygoid wing of the palatine situated:
dorsal to the pterygoid (0); ventral to the
pterygoid ( I ).
Maxillary process of the palatine: shorter
than vomeral process (0); longer than the
vomeral process ( I ) .
Vomer: distant from the parasphenoid rostrum (0); approaching or in contact with
the rostrum ( I ).
Suborbital (ectopterygoid-palatine) fenestra: well-developed (0); closed or reduced
(1).
Pterygopalatine fenestra: absent (0); present ( 1 ).
Jaw joint: distant from the skull midline
(0); close to the skull midline ( I ).
Occipital condyle without constricted
neck (0); or subspherical with constricted neck (1) (Hwang et al., 2004).
Mandibular symphysis: loose (0); tightly
sutured ( I ); fused (2).
Extended symphyseal shelf at the
mandibular symphysis: absent (0); present
(1).
Downturned symphyseal portion of the
dentary: absent (0); present ( I).
U-shaped mandibular symphysis: absent
(0); present ( I).
Retroarticular process' length to total
mandibular length ratio: less than 0.05 or
the process absent (0); about 0.10 ( 1 ).
Mandible maximum height to length ratio:
about 0.2(0);about 0.1 ( I); 0.3-0.4(2).
External mandibular Fenestra's height to
length ratio: 0.2-0.5(0); 0.7-1.0 ( I ) ; the
fenestra absent (2). In Cuenugnuthws
collinsi and Incisivosaurus guuthieri, the
ratio is less than 0.25. but in the derived
oviraptorosaurs such as Ingeniu yunshini,
Hqvuanniu huangi, Ovirupror philoceratops. " O v m p t o i ' mongoliensrs, Conchovaplor grwcilis. Citiputi osmolskar,
this ratio is greater than 0.25.

New Oviraptorid Dinosaur. Mongolia

External mandibular fenestra's length
to total mandibular length ratio:
0.15-0.2(0), 0.1- or less (1); 0.21 or
more (2); the fenestra absent (3) (modified).
Coossification of the articular with the
surangular: absent (0); present (I ).
Mandibular rami in dorsal view: straight
(0);bowed laterad at the mid-length (I ).
Rostrodorsal margin of the dentary:
straight or weakly convex (0); deeply
concave ( I ) (modified). In most theropods
and Oviraptor philoceratops, the rostrodorsal margin of the dentary is straight.
In the basal oviraptorosaur lncisivosaurus
gauthieri, it is slightly convex. It is deeply
concave in Oviraptor philoceratops, Caenagnuthus collinsi, "Oviruptor" mongoliensis, Hquznniu huungi, Citipati osmolskue, Conchoruptor gracilis, Nemegtia
harsholdi, and Ingenia ~xznshini.
Caudal margin of the dentary: incised,
producing two caudal processes (0);
oblique (1 ). The posterior end of the dentary is strongly forked to form the anterior
margin of the external mandibular fenestra
in oviraptorosaurs. In several theropods,
such as Allosuurw, dromaeosaurids, ornithomimosaurs, therizinosauroids and
tyrannosaurs, and Archueopte~a,the caudal margin of the dentary is oblique.
Long and shallow caudodorsal process of
the dentary: present (0); absent ( 1 ).
Long and shallow caudoventral process of
the dentary, extending caudad at least to
the caudal border of the extcrnal mandibular fenestra: absent (0); present ( I ).
Pronounced coronoid eminence: absent
(0); present (1) (modified). The coronoid
eminence on the surangular is absent in
most theropods. In lncisivosaur~us guuthieri the coronoid eminence is weakly developed so it is coded here as (0). The
pronounced coronoid eminence is present
in Avimimus portentosirs and derived oviraptorosaurs.
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External mandibular fenestra oval (0);
or subdivided by a spinous rostral
process of the surangular ( I ) (Hwang et
al., 2002). The external mandibular fenestra is elongate, and no spinous rostral
process of the surangular is present in Incisivosaurus guuthieri (Xu, Cheng et a/..
2002) and Caudipteryx sp. (IVPP V
12430. pers. observation). In derived oviraptorosaurs, the external mandibular fenestra is subdivided by a spinous rostral
process of the surangular.
Mandibular articular facet for the
quadrate: formed of the surangular and articular (0); formed exclusively of the articular (1 ).
Mandibular articular facet for the
quadrate: with one or two cotylae (0); convex in lateral view, transversely wide ( I ).
Articular facet for the mandibular joint
positioned: below the dorsal margin of the
caudal part of the mandibular ramus (0);
above this margin (1).
Rostral part of the prearticular: deep, approaching the dorsal margin of the
mandible (0); shallow, strap-like, not approaching the dorsal margin of the
mandible ( 1).
Splenial: subtriangular, approaching the
dorsal margin of the mandible (0); straplike, shallow, not approaching the dorsal
margin of the mandible ( I ).
Mandibular adductor fossa: rostrally delimited, occupying the caudal part of the
mandible (0); large. rostrally and dorsally
extended not delimited rostrally ( I ).
Coronoid bone: well developed (0); reduced (1) or absent (2) (modified). The
coronoid bone is present in most
theropods, but it is weakly developed and
strap-like in Incisi~~osuurus
guuthirr-i (Xu
er ul., 2002b). Cuudip/el:\x sp. (IVPP V
12430: Pers. observation) and Citipati o s molskue (Clark et ul., 2002). I t is also present in therizinosauroids (Clark rt ul..
1994). It is absent in birds (Archueo-
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ptecix), ornithomimosaurs (Osmolska el
al., 1972) and other derived oviraptorosaurs including Nemegtiu barsboldi,
Conchoruptor grucilis, Ingenia and Oviruptor.
Premaxillary teeth: present (0); absent ( 1 ).
Premaxillary teeth are present in Incisivosuurus, Caudipteqx, .4rchaeopreiy
and most theropods. But premaxillary
teeth are absent in therizinosauroids
(Clark et ul., 1994). derived oviraptorosaurs and advanced birds.
Maxillary tooth row: extends at least to
the level of the preorbital bar (0); does not
reach the level of the preorbital bar (I);
maxillary teeth absent (2). Maxillary teeth
are present in lncisivosaurzrs gauthieri,
and the majority of theropods. Maxillary
teeth are absent in Caudiptei?.~ zoui and
derived oviraptorosaurs.
Dentary teeth: present (0); absent ( I ).
Dentary teeth are present in Incisivosazrrtrs gauthieri, but absent in derived oviraptorosaurs, Microvenator celer
(Makovicky and Sues. 1998), Caudiptery
zoui (Ji et ul., 1998), Avinzimtrs portentosus, advanced ornithomimosaurs and
birds.
Number of the cervicals (excluding the
cervicodorsal): not more than 10 (0); more
10 (I).
Cranial articular facets of the centra in the
anterior postaxial cervicals: not inclined
or only slightly inclined (0); strongly inclined ventrocaudal, almost continuous
with the ventral surface of the centra (1):
ball-shaped (2).
Anterior cervical centra: not extending
posteriorly beyond the respective neural
arches (0); extending posteriorly beyond
the respective neural arches ( I).
Epiphyses on the postaxial cervicals: in
form of a low crest or rugosity (0); prongshaped ( I). The epiphyses on the postaxial
cervicals are in form of a low crest in Microvniator celer, a rugosity in Coeloph-

vsis
huuri, Avimimtrs portenfoszrs,
Archaeoptei~vx lithogruphica, Ornithomimosauria, Therizinosauria, Oviruptor
philoceratops, Caudiptei?:~sp., Nemegtiu
barsboldi, Hqvuunnia huungi, Conchoraptor gracilis, Ingeniu junshini. The epiphyses are only present in the third and fourth
cervicals of "Oviiuptor" nzongo1ien.si.s.
They are very developed prong-shaped
and usually extending over the distal end
of the postzygopophyses in Herrerusazrrtrs
ischigt~alastensis, A1losuurtr.s fi.agi1i.s.
Dromaeosauridae, Troodontidae and
Tyrannosauridae.
Cervical ribs: loosely attached to vertebrae in adults (0); firmly attached ( 1).
Shafts of the cervical ribs: longer than the
respective centra (0); not longer than the
respective centra ( 1).
Pleurocoels or lateral excavations on the
dorsal centra: absent (0); present ( I).
Postzygapophyses on the dorsals: not extending beyond the respective centra (0);
markedly extending beyond the centra ( I ).
Number of the vertebrae included in the
sacrum in adults: not more than five (0);
more than five ( I ) (the term sacrum is
used here instead of synsacrum in
Maryanska et al.3 original description).
Sacral spine in adults: unfused (0); fused
(1).
Continuous sulcus along the ventral side
of the mid-sacral centra: absent (0); present ( I ).
Pleurocoels on the sacral centra: absent
(0); present ( I ).
Scapula and coracoid separate (0), or
fused into scapulacoracoid (1) (Hwang
et al., 2004). The scapula and coracoid are
separate in most theropods. including Allosaurzls fmgilis, 7)rwmo.saums / a ,
Deinonychus untirrhopus, Chirostenotes
pe-gmcilis, and Cuudipteiyx sp. They are
fused in Velociraptor monpliensis, Archaeoptervx lithographica, Confuciusornis suncttrs. Ingeniu junshini, "Oviruptor"
,
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mongoliensis, Oviraptor philoceratops,
Conchoruptor grucilis, and Hejumnia
huangi. Because both character states
are present in dromaeosaurids and ornithomimids, this character is coded as O i l
in them.
Hyposphene-hypantrum articulations
in trunk vertebrae present (0); or absent (1) (contrary to the code of Hwang
et al., 2004). These articulations are present in H e ~ ~ ~ w a s a u rischigualastensis
us
(Novas, 1993). Allosatrrirs .fragilis (Madsen, 1976), ,4vimimus portmtostrs. Micrownator celer, Chirostenotes pergracilis, Conchoraptor grucilis, ornithomimids, troodontids, tyrannosaurids. They
are absent in Confirciusornis sanctus and
advanced birds. But it is not clear in
Archaeopteryx lithoyraphica. In "Oviruptor" mongoliensis, and Heyuanniu huungi,
these articulations are very weak, so it was
coded here as absent (0).
Pleurocoels on the caudal centra: absent
(0); present at least in the proximal part of
the tail ( I ).
Number of caudals: more than 35 (0);
35-25 (I); fewer than 25 (2) (modified
from Lii et al., 2002). Most theropods
have more than 35 caudals. 22 caudals are
present in Cuudipte~yrsp. (Zhou et ul.,
2000). 24 caudals in Non~ingiugohiensis
(Barsbold Osmolska er al., 2000), about
33 in "Oviraptor" mongoliensis. There are
about 26 caudals in Microraptor zhaoiunus
and 25 in Shenzhouraptor (=Jeholornis,
Zhou and Zhang, 2002; Ji et al., 2002;
2003).
Pygostyle: absent or rudimentary (fewer
than three elements) (O), present (I). The
last three to six caudal vertebrae fuse to
form a pygostyle in modern birds (Baumel
and Raikow. 1993) that support the tail
feathers. A pygostyle is present in the ornithurines, hesperorniforms and ichthyornithiforms, enantiornithines (Iheromesornis. Sinornis, Sereno, 2000; Sereno and
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Rao, 1992), but is absent in non-avian
theropod dinosaurs, Archaeoptervx lithographic~(Chiappe, 1996) and the basal
bird Shenzhourxzptor (Zhou and Zhang,
2002; Ji et a/., 2003). The presence of a
pygostyle in Nomingiu gohiensis is of
great interest in the study of the relationship between birds and non-avian
theropods, although it is most parsimonious to consider it a convergence
(Osmolska, pers. comm., 2003). Some
have even regarded the pygostyle in modern ratite and carinate birds, to be not homologous (Holmgren, 1955). The structure of pygostyle In Nomingia gohiensis
(Barsbold Osmolska et al., 2000) and the
ostrich (Holmgren, 1955) are very similar
(fused dorsally in the vertebrae rather than
ventrally in carinate birds). The complete
distal tail of Heyanniu huungi shows that
there is no pygostyle. It is also absent in
Cuudiptrryr zoui (Ji et al., 1998; Zhou et
al., 2000). The development of a pygostyle was regarded as a synapomorphy
of the clade composed of all birds more
advanced than Archaeopteryv lithographica (Gauthier, 1986). Cracraft (1986) considered it as synapomorphy of Ornithurae,
whereas Sanz and Bonaparte ( 1992) considered it as synapomorphic for Iberonwsornis plus Ornithurae. In agreement with
Sanz and Bonaparte ( 1992). Chiappe
(1996) considered it as a synapomorphy
of the Ornithothoraces. The discoveries of
Jeholornis and Rahonavis further supports
Sanz and Buscalioni ( 1992) and Chiappe
(1 996)'s hypotheses (Chiappe, 2002).
Scapular caudal end: blunt and much
expanded (0); tapered to a sharp point
or slightly expanded (1) (modified from
Chiappe, 2002).
Scapular and coracoid: nearly in the
same plane (0); forming a distinct angle
(1) at the level of the glenoid cavity
(Chiappe el al., 1998).
Distal caudal prezygapophyses: overlap-
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ping less than a half of the centrum of the
preceding vertebra (0); overlapping at
least a half of the preceding vertebra ( I ).
Hypapophyses in the cervicodorsal vertebral region: absent (0); small (I ); prominent (2). The hypapophyses are absent in
Coeloph~vsis bauri, Herrerasaurus ischigualastensisi, Allosaurus ,fragilis, Microvenator celer, ornithomimids, tyrannosauridae. Because it is absent in Micror-aptor. present in Velociraptor mongoliensis, this character is coded here as 011 in
Dromaeosauridae. It is not prominent in
Heyuannia huangi, Caudipter.vx sp., and
Nemegtia barsboldi. It is well developed
in "Oviraptor" mongoliensis, Conchoraptor gracilis, Chirostenotes pergracilis,
Avimimus portenrosus, and troodontids.
Distal chevrons: deeper than long (0);
longer than deep ( I ).
Sternum: unossified or small (0): ossified,
large ( I).
Scapula length to humerus length ratio:
0.8-1 .I (0); 1.2 or more ( I ) ; 0.7 or less
(2).
Acromion: projecting dorsad (0); everted
laterad ( I); projecting cranial (2).
Caudoventral process on the coracoid: absent (0); short, not extending beyond the
glenoid diameter (I ); long, caudoventrally
extending beyond the glenoid (2).
Orientation of the glenoid on the pectoral
girdle: caudoventral (0); lateral ( I).
Deltopectoral crest: low, with the width
equal to or smaller than the shaft diameter
(0); expanded wider than the shaft diameter ( I).
Internal tuberosity on humerus: weakly
pronounced or absent (0); well pronounced but low (I); subtriangular, distinctly extended medially (2); in form of a
longitudinally short, tuber-like extension,
sharply delimited from the shaft and usually also from the humeral head (3).
Deltopectoral crest (measured from the
humeral head to the apex) extending for:

about the proximal third of the humerus
length or less (0); about 40-50% of the
humerus length ( I).
Epicondyles on the humerus: absent or
poorly developed (0); the ectepicondyle
more prominent than the entepicondyle
( 1 ); the entepicondyle more prominent
than the ectepicondyle (2); the ectepicondyle and entepicondyle about equally
prominent (3).
Shaft of the ulna: straight (0); bowed convex caudally ( 1 ); bowed concave caudally
(2).
Radius length to humerus length ratio:
0.80 or less (0); 0.85 or more (I ).
Distal carpals: flat, mostly separate (0);
carpals 1 and I1 separate, carpal I with
the proximal trochlea (1); carpals I and
I1 fused, half-moon-shaped, with the
trochlea on the proximal surface, covering metacarpals I and 11 (2). The expanded semilunate (half-moon-shaped)
carpal block completely caps the proximal
surface of metacarpals I and I I in oviraptorosaurs, dromaeosaurids and avialians. It
is regarded as diagnostic of Maniraptora.
The absence in ornithomimosaurs and
adult tyrannosaurids are treated as reversals (modified from Holtz, 200 1 ).
Combined lengths of manual phalanges
111-1 and 111-2: greater than the length of
phalanx 111-3 (0); less than or equal to the
length of phalanx 111-3 (I).
Metacarpal I length to metacarpal I1
length ratio: 0.5 or more (0); less than 0.5
(1 1.
Proximal margin of the metacarpal I in
dorsal view: straight, horizontal (0); angled due to the medial extent of the carpal
trochlea ( I).
Metacarpal 11 relative to metacarpal 111:
shorter (0); subequal (I); longer (2). In
Heyuannia huangi, and lngenia j~anshini,
the length of metacarpal 111 is shorter than
that of metacarpal 11; In Conchoraptor
gracilis, the length of metacarpal 111 is
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longer than that of metacarpal II; In
Cuudiptry~s,metacarpal I1 is subequal to
metacarpal I I I.
Metacarpal I1 length to humerus length
ratio: 0.4 or less (0); more than 0.4 ( 1).
Metacarpal 111: unmodified (0); very slender (1).
Lip or nubbin on the proximodorsal edge
of the manual unguals: absent (0); present
(1).
Manus length to humerus length plus radius length ratio: 0.50-0.65 (0); more than
0.65 ( I); less than 0.50 (2).
Manus length to femur length ratio: 0.30.6 (0); more than 0.7( 1 ); less than 0.2 (2).
Humerus length to femur length ratio:
0.5-0.6 (0); less than 0.4 ( I ) ; 0.7 or more
(2).
Dorsal margins of the opposite iliac
blades: well separated from each other (0);
close to or contacting each other along
their medial sections ( I).
Dorsal margin of the ilium along the central portion of the blade: straight (0);
arched ( I).
Preacetabular process relative to the
postacetabular process (the lengths measured from center of the acetabulum):
shorter or equal (0); longer ( 1 ).
Preacetabular process: not expanded or
weakly expanded ventrally below the level
of the dorsal acetabular margin (0); expanded ventrally well below the level of
the dorsal acetabular margin ( 1 ).
Morphology of the ventral margin of the
preacetabular process: the cuppedicus
fossa absent, the margin transversely narrow (0); the cuppedicus fossa or wide
shelf present ( I ); the margin flat, wide at
least the base of the pubic peduncle (2).
Cranioventral process on the preacetabular
blade: absent (0); rounded ( I ) ; hook-like
(2).
Distal end of the postacetabular process:
truncated or broadly rounded (0); narrowed or acuminate ( 1).
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Supracetabular crest: well developed (0);
reduced or absent ( 1 ).
Craniocaudal length of the pubic peduncle: about as long as the ischiadic
peduncle (0); distinctly longer than the
ischiadic peduncle (1); distinctly shorter than the ischiadic peduncle (2) (modified).
Dorsoventral extension of the pubic peduncle: level with the ischiadic peduncle
(0); deeper than the ischiadic peduncle
(1).
Brevis fossa: absent or small (0); large ( I ).
Antitrochanter on the ilium: present (0);
absent ( 1 ).
Ilium length to femur length ratio: 0.5-0.7
(0); 0.8 or more ( I).
Hypocleidium on furcula absent (0); or
present ( I ) . The hypocleidium is a
process extending from the ventral midline of the furcula, and is attached to
the sternum by a ligament in extant
birds (Hwang et al., 2004).
Pubic shaft: straight (0); concave cranially
( 1 ).
Pubic foot: with the cranial and caudal
processes being about equally long (0);
with the cranial process being longer
than the caudal process (1); with the
cranial process being shorter than the
caudal process (2); absent (3) (state 2 is
modified).
Dorsoventral length of the pubic apron:
longer than half total length of the pubis
(0); not longer than the half of total length
of the pubis ( 1).
Caudal margin of the ischiadic shaft:
straight or almost straight (0); strongly
concave (1).
Position of the obturator process on the ischium: proximal (0); at about mid-length
( 1); distal (2); obturator process lacking
(3).
Distal end of the ischium: not expanded
(0); expanded ( I).
lschium length to pubis length ratio: 0.75
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or more (0);0.70 or less ( I).
Posterior (greater) trochanter: weakly separated or not separated from the femoral
head (0); distinctly separated from the
femoral head ( 1).
Craniocaudal extent of the posterior
trochanter of femur: short (0); long (I ).
Pleurocoels absent on sacral vertebrae
(0); o r present on anterior sacrals only
(I); o r present on all sacrals (2). A pleurocoel may be present on the first sacral in
Alxasaul-us elesitaiensis, although this
area is badly crushed (Russell and Dong,
1993) (Hwang et al.. 2004).
Anterior and posterior trochanters: well
separated (0); contacting (1 ); fused (2).
Dorsal extremity of the anterior trochanter
of femur: well below the posterior
trochanter (0); about level with the posterior trochanter ( I).
Fourth trochanter of femur: well developed (0); weakly developed or absent ( 1 ).
Adductor fossa and associated craniomedial crest on the distal femur: weak or absent (0); well developed ( 1 ).
Strong distal projection of the fibular
condyle on the femur: absent (0); present
( 1).
Medial surface of the fibular head: flat or
shallowly concave (0); with a deep fossa
( I ).
Contacts of the distal end of the fibula
with tarsus: present (0); absent (1). In
most theropod dinosaurs, and H+anniu
huangi, the distal end of the fibula contacts the tarsus, but in Ingeniu ,vanshini.
this contact is absent. similar to the case in
most birds.
Ascending process of the astragalus: as
tall as wide across the base (0); taller than
wide ( 1 ).
Distal tarsals: not fused with metatarsals
(0); fused with metatarsals ( I ).
Proximal coossification of metatarsals
I l -I V: absent (0); present ( 1).
Arctometatarsus: absent (0); present

(1). Because the metatarsi of some ornithomimosaurs (Carudimimus and
Harpymimus) are not strongly pinched
as in more typical ornithomimids, this
character was coded as (0,l) for Ornithomimidae by Holtz (2001) in his
phylogenetic analysis. This character is
coded here a s (0, I), in agreement with
Holtz, instead of being coded as (1) as in
Maryanska et al. (2002).
173. Metatarsals I1 and IV: not in contact on
the plantar surface (0); contacting distally
(1).
174. Metatarsal I length: more than 50% of
metatarsal I1 length (0); less than 50% of
metatarsal I1 length ( 1 ); metatarsal I absent (2).
Metatarsal IV length relative to metatarsal
I1 length: about equal (0); longer ( I ) .
Epipterygoid present (O), absent (1)
(new). An epipterygoid is known in allosaurids (Madsen. 1976). ornithomimids
(Barsbold 198 1). tyrannosaurids (Molnar.
1973), DI-omueosaurus alhertrnsis (Currie. 1995), the derived oviraptorid Citipati
osmolskue (Clark et al.. 2002) and k m e g tia harsholdi. It is not clear in Incisi\~osaurus gauthieri, and it is absent in
"Ovil-aptor*" mongoliensis and birds.
Metatarsus length to femur length ratio:
0.4-0.6 (0); about 0.3 (1 ); 0.7-0.8 (2).
Thoracic vertebral cohnt: 13-14 (0):
11-12 (1); fewer than i 1 (2) (Chiappe,
2002).
Ossified uncinate processes: absent (0);
present ( I).
Coracoid shape: short ( 0 ) ; elongated with
trapezoidal profile ( I ); strut like (2).
The proximal end of metacarpal Ill:
contacts the distal carpals (0); does not
contact ( I ) (new).
Metacarpals I and 11 fused proximally:
absent (0); present (I) (new).
Ectopterygoid with constricted opening
into fossa (0): o r with open ventral fossa
in the main body of the element (1)
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(Hwang et al., 2004).
Flange of pterygoid well developed (0);
o r reduced in size o r absent ( I ) (Hwang
et al., 2004).
Symphyseal region of dentary broad
and straight, paralleling lateral margin
(0) o r medially recurved slightly ( I ) ; o r
strongly recurved medially (2) (Hwang
et al., 2004).
Mandibular articulation surface a s long
as distal end of quadrate (0): o r twice
o r more as long as quadrate surface, allowing anteroposterior movement of
mandible ( I ) (Hwang et al., 2004).
Maxilla toothed (0); o r edentulous (I)
(Hwang et al., 2004).
The lower margin of the external nasal
opening is below (0). o r close o r above
( I ) the level of the upper corner of the
antorbital fenestra (new). The lower
margin of the external nasal opening is
below the level of the upper corner of the
antorbital fenestra in Coe1ophvsi.s hauri,
Herrerasaurus ischigtlalustensis, klociruptor mongoliensis, troodontids, ornithomimids, Tyrannosauridae, Allosaurus
fi-ugilis. Catrdiptery sp., Oviruptor philocwutops, Incisivosuurus guuthieri, Khaun
mckennui, and lngrniu ( 100180). It is close
in Citiputi osmolskae (Clark et a/.. 2002).
above in Conchoraptor grucilis (Barsbold
er ul., 1990), .Wemegtia harsboldi, and
"Ovirupror" mongoliensis.
The quadratojugal and quadrate contact area is far from (0), o r near (1) the
lateral surface of the quadrate articular
surface (new).
Nasals and premaxillae do not form a
crest (0), o r form a crest ( I ) (new).
External nasal opening round (0), o r
oval (1) (new). In Incisivosa~crtrs
guurhirri, the external nasal opening is
round in Cuudipterm sp. and Citiputi osmolskue, the external nasal opening is
nearly round (slightly elongated). In other
derived oviraptorids, such as Concho~vp-
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tor gruc~lis. "Oviruptor" mongoliensis,
Nemrgtia bursboldi and Oviruptor philoceratops. the external nasal openings are
elongate. In majority of theropods, the external nasal openings are oval (elongate),
such as in Herrrrnsaurus ischiguulustensis, Coeloph.vsis huuri. Allosaurtrs fragilis,
ornithomimids, troodontids and dromaeosaurids.
T h e maxillary fenestra is relatively
smaller o r absent (0), o r larger than the
antorbital fenestra (1) (new). The maxillary fenestra is usually larger. opens laterally, and is clearly visible in lateral view
(Rauhut, 2003). It is relatively smaller
in Incisivosaurus gauthier-i, Cuudipteryx
dongi and "Oviruptor" mongoliensis. It is
relatively larger in lngmiu yunshlni
(GIN 100/80), Citipati osmolskae. and Nernegria bursboldi. It was thought that in
caenagnathid Chirostenotes pergrucilis
(ROM 43250), there was no maxillary
fenestra (Rauhut, 2003). but according to
Clark et ul. (2002. Fig. 12). a relatively
larger maxillary fenestra is present in Chirostenotes pc.rgrucilis as in Ovirvptor
philocrrutops.
Large openings absent (0), o r present
(0) on the base of the neural arches of
anterior caudal vertebrae (new). On the
anterior caudal vertebrae of Ingrnia -vanshini and "Oviruptor" mongolirnsis, there
are large openings on the lateral surface
near the base of the neural arches, these
openings are larger than the pleurocoels;
In Allosaurus fmgilis, He.vucrnnia huungi,
Conchorup/or gmcili.~, and Cutrdiptrr:w
sp.. this kind of opening is absent.
Large openings (fossa) present (0), o r
absent ( I ) on the neural arches of cervical vertebrae (new). Large openings are
present in the neural arches of cervical
vertebrae in Coe1ophysi.s huul-i, Archueoptcyw lithogruphica, Aviminlus portmtosus. Microlvnutor- ccler, Conchoruptor grucilis, Hevuunniu huungi. They are
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absent in Allosaw-us fragilis, Herr~erasuurtrs ischigualustensis, lngeniu
(GIN IOO/32-02), Caudipreyx sp., Nemegtiu barsboldi, and "Oviraptor-" mongoliensis.
Constriction between articulated premaxillae and maxillae: absent (O), present (I). (Rauhut, 2003). In most of
theropod dinosaurs and a basal oviraptorosaur, Incisivo.suun(s gauthieri, there is
no pronounced constriction, but in derived
forms such as Oviraptor philoceratops,
Conchoraptor gracilis, Citipati osmolskae,
"Oviraptor" mongoliensis, and Nemegtia
hursholdi. this constriction is distinct.
Shape of nasals: expanding posteriorly
(0); of subequal width throughout their
length (I). (Rauhut, 2003). The nasals
expand posteriorly in Incisivosatirus gauthieri. and they are very broad and widen
posteriorly in Conchor*aptor. But the
nasals are of subequal width in Oviraptor
philoceratops, Citipati osmolskae, "Oviraptor" mongoliensis, and Nemegtia bursboldi.
Postorbital part of the skull roof: as
high as the orbital region (0); deflected
ventrally in adult individuals (1).
(Holtz, 1994). In most dinosaurs, the parietals and the medial parts of the squamosals are approximately level with the
frontals above the orbits, and their surfaces face dorsally. In Avimimus portentosus. Archaeoptecvx lithographica, Incisivosatirus gauthieri, derived oviraptorosaurs, ornithomimosaurs and troodontids, the postorbital part of the skull roof
deflected ventrally, showing very developed braincase.
Number of pleurocoels in cervicals: absent (O), two, arranged horizontally (I);
one (2) (modified from Rauhut, 2003).
There are no pleurocoels in Herrerusaurus
ischigualastensis and Caudipteryx sp. Two
pairs of pneumatic openings are present in
Coelophysis bauri. Microvenator celer

(Makovicky and Sues, 1998), lngenia (GI
1 OO/3O), Chirostenotes per.gr.ucilis and
Avinzimzis po~~eti/osus.
Although in Avimimus portentosus, a second pair of opening is present in some vertebrae. it is
coded here as (0), in contrast to Rauhut
(2003). One pair is present in Allosaur-us
fragi1i.s. "Oviraptor" mongoliensis and
Hql~uunniuhuangi.
199. Pleurocoels developed as: deep depressions (0); foramina (1) on cervical vertebrae (Rauhut, 2003). Pleurocoels develop as deep depressions in Coe1oph.v.si.s
hauri. Microvenator celer, "Oviraptor"
mongoliensis. lngenia ,vanshini; as foram ina in Archaeopteryx lithographica, Avinlinnrs portentosus, Conchoraptor gracilis,
Hevuannia huungi. Nemegtia harsholdi,
and Allosazrrus,fi.agilis.
200. Nasal fusion: absent, nasals separate
(0); present, nasals fused together (1)
(Holtz, 2000).
Appendix 3
Characters and data matrix: Character state 0
is plesiomorphic; character state 1-3 are apomorphic. "-" is not comparable character state; "?"
is either not preserved or unknown. [ ] means
two character states included.
Allosauroidea

oooo[ol]ooooolool[ol]loololoo[ol]l

l[Ol]OOO
0 1 [02]000000 1 100000000000000000000[01 I000
0 l0000000[0 l]OOO[O I] 1000000000000002[0I] I
0010000001000001[01]00l0l002120010l02000
10 1000002000[0I ]1 [O1 ][O 1 ]00[02][O 1 I00100000
0010100000010000'?000000000001101000110
Ornithomimidae
0000000 100000200000[011[O 1 I000 I I 10000 1 1 10
10020[01]0[01]010[01]0[01]0010000000????0l
0020 1 I OOO[O I ]000[01] 10000000002[0I ][O I ][O I ]
00l00l00[0l]011[0l]l0000010l0002001002001
001000[02][01][02]1001 l200l0111?001001000
001 l l I I01 10[01][01]2101002000000[01]000lI
010'?10-0
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Dromaeosauridae
OO[O I ]0000000[0 11002 1001 10 I00 lo I 10000 1 100
0001001010000000000000000000010[01]00000
0010001 100000000000000101 l[OI]I 1 1 11O[OI]l
0000[01]111102[12]1[01]2021021[01]12011 I I2
OOOOl l[Ol]l l1001002101[01]10[01]0l1[01]000
001000110001100000000?010010100-0
Troodontidae
002 1 1002000001000 100100 I'? I 1 ??O?O1 O'? 1 O ? 1 0
020[0 1 ]10000 1 1 00000'?00??'??'???
10000000 l ?OO
1 1000?'?0'?0'?'?0?0'??
1 [O 1 ]O'?O'?1 10001001 1 10 1 lo
'?12'?1'?0?1121 1 1 1 1 101 1011001 110'?1000'?03'?01
101 101 11???11'?01111'?10010000[01]'?00?0l
lo? "Oviruptor" mongoliensis
00 10-0
112'?0111110112121111?111121010112111111
12'?11122111?011111112111101?111II2120120
Archueoprey lithogr-uphica
01111111112111l11001111011'?010011021111
OO? 1 1 OO?OO 10 1 10 1 100010001??01 1 1 O? 1 ?00020 21 120100??'???'??1?'?0ll0l121110001I???????]
? 1 ??OOO??O'?O'?OOOOOOl '? 1 '??'?'??OOOO1 123000 1 11 1 1 1 1 1 1?????'????1?1'?'???11211111101'?111101
00000000200001??010 1 1 00'?1?0 I I 1000I I222 10
00?l1211111110120110101111'?100021-?-ll??
GIN 100142
?0100'?0'?110'?1011001100100000010000'?101? 112001101101101211111111121010112111111
121111221110011111112111101011111212012
Avimimus portenrosus
001111111112111111011111011111?01?02110
??'?'??1 ???O?????'???'?1 ? I ? 1?3? 1 1 12 1 3??OO- 1 ?2
12012011120111111110100I211I00001111111
1 1 1 ? 1 ?? 1 1 0 1 ???'??????????OO???1 1 ??? 1 ??'??? 10 01111111110?100001010?11??11211??????????
OOO???1 O? l1000 1 1 0 1 1 1 1 O'? 1 02????2'??01 200 1 1 ???
1 1 12? 1 '???'????00000?01 1 O?OO 1?0 1 1 O?? 1 1 10010
0 1 1 0 1 1 1 1 1 20? 1 '?'??O1 ??2 1 ???O??OO?? 1 1 I?
Conchoraptor gracilis
102?011?11011012111101111210101121111

Caudipteryx zoui
101'?100?1??110111111l0001??0101l2000l1?1
1 1 ???? 1 ?0??'?0??00???~????'???0
I 1 10002?1 1001 0
0 1? 10 1 ? 1 0 1 1 100000000?00[0 1 ]0020000 1 00200
00000110-101010100000lll0ll101001111101
110'?0100001000010?121010'?'?2110100001
I??
0-0

1112111122111?011111II21I1101?111112120
120011111111121111110111110111'?10011011

111201211112001111111010002l01000011111
1101111111110?100001010??1??1?2111101'?00

Ingenia j)unshini
102?011?11011'?121111111112101011211

Chirostenotes pergradis
??I 11?2?11'???1'??11121????1?111112I20
1 ???OO 10 1 ????1 ???0?????????????'??????2?I
111111112111?110011110110?10011010
o'?1 2'???0?'?0'???????'????1 12 101 1002 1 1 100 1 10 1
1 1 1 1 12?1 1 ???'?O?1? 1 1 1 1 1 1 1 ?????1???? 1 ???????
??????I 1???'?1 I'???! 110'????0111101??1'??1?1??
?O?1 0 1 OOO??10???2'?1 ? ? ? ?1 ????? 1??
Heyzmnnia huungi
Nomingiu gohiensis
1O??? 1 1 ???????????? 1
1O???1 1 1 1 1 1 ?2?
??I?

?'??I?????
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Citiputi osmolsliue
112101111101121211111111121010112111100
121111221'?100111l111211llOllll11121?112
00 1 l l l l l l 1 1 1 1 1 1 1 ?'???'??'?'?'??'?I?'???'???'??
I ? 12?
1 1 1 '?O 1 ?0 1 '? 1 10 1 '???'???'?????'???'??1 1 ?'?'??'?'????'?'?
'?'?'?OO?'?OO'?
1 1 O ? ? 1 ? ? ? 1 12 1 1 1 1 101 ? ? 1 1 1 ? ?1

Khuun mckennui
10210'?1?1?0112121111111012001011211'?1111

? 1 '????2????'?
1 ?????1 ??????? 1 l l l 1 12 12 1 1 1 ? ? ? ?
? I I 1 ?? I ? I 1 1 I ??O1 ???????????OO1 O'????'???????
1 1 ?0'???'?'??'?'?0?000?
1 O????'??? 1 ??O 1 ???????????
?????????????
1???21 10 101 O?'???I ? ?1

