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ABSTRACT—Recent field expeditions to Upper Cretaceous deposits within Grand Staircase-Escalante National Monu-
ment, southern Utah, have revealed a diverse dinosaurian fauna that includes a previously unknown oviraptorosaur
theropod. Represented by a single partial specimen consisting of manal and pedal elements, this new taxon, Hagryphus
giganteus, gen. et. sp. nov., is estimated to be 30-40% larger than the coeval oviraptorosaur Chirostenotes. The holotype
consists of a nearly complete, articulated left manus, a partial, articulated pedal digit II, and a series of fragmentary pedal
phalanges and distal metatarsals. Several autapomorphies are present in the manus, related primarily to proportional
differences in metacarpals and phalanges. Previous finds of North American oviraptorosaurs have been restricted to
Alberta, Montana, and South Dakota. The discovery of this new specimen from southern Utah greatly expands the known
geographic distribution of these theropods, nearly doubling the previously documented range of North American ovi-

raptorosaurs.

INTRODUCTION

Oviraptorosaurs are a derived clade of edentulous manirap-
toran theropods known from the Late Cretaceous of Asia and
North America. In contrast to the Asian record, which preserves
multiple complete or nearly complete skeletons representative of
several taxa (e.g., Norell and Clark, 1995; Clark et al., 2001), the
North American record remains sparse, composed of a handful
of fragmentary specimens. Consequently, the taxonomic diver-
sity of North American oviraptorosaurs has remained in ques-
tion despite several attempts at reassessment.

Recently, there has been some consensus with regard to the
status of several taxa synonymized to varying degrees into the
North American oviraptorosaur subclades Caenagnathidae and
Elmisauridae (Currie and Russell, 1988; Currie 1989, 1990, 1997,
Sues, 1997). These include Macrophalangia canadensis (Stern-
berg, 1932) and Ornithomimus elegans (Parks, 1933), both origi-
nally considered ornithomimids, as well as Caenagnathus collinsi
(Sternberg, 1940) and Caenagnathus sternbergi (Cracraft, 1971),
both initially described as avians. However, despite these
advances, the taxonomic validity of three North American ovi-
raptorosaur genera—Caenagnathus, Chirostenotes, and Elmisau-
rus—remains contentious. Though the recent discovery of two
additional specimens of Chirostenotes (RTMP 79.20.1 and ROM
43250) has provided a more substantive basis for evaluating its
relationship with Caenagnathus and Elmisaurus (Currie and
Russell, 1988; Sues 1997), a complete lack of comparative mate-
rial shared between Caenagnathus and either Chirostenotes or
Elmisaurus continues to be the major impediment to resolving
the taxonomy and systematics of these genera, as well as that of
the subclades Caenagnathidae and Elmisauridae.

The paucity of materials notwithstanding, several proposals
have been put forth regarding the taxonomy of North American
oviraptorosaur taxa. Currie and Russell (1988) speculated that
an isolated dentary of Caenagnathus (CMN 8776) is likely con-
specific with a maxilla of Chirostenotes (ROM 43250), but sug-
gested that this association should remain informal until direct
comparative material is recovered. They also supported the dis-
tinction of Elmisaurus, proposing that all three described genera
of North American oviraptorosaurs be upheld and describing a
North American species of the formerly Asian genus, E. elegans
(Currie, 1989). Sues (1997) formally considered Caenagnathus a

subjective synonym of Chirostenotes, but, in contrast to Currie
and Russell (1988), argued that the diagnosis for the genus El-
misaurus (Currie, 1989, 1990) is insufficient. Thus Sues referred
all specimens of North American oviraptorosaurs to the genus
Chirostenotes. Both Sues (1997) and Currie and Russell (1988)
propose that Elmisauridae should be regarded as a junior syn-
onym of Caenagnathidae. Conversely, Currie (1988, 1990, 1997)
and Varricchio (2001) retained the Elmisauridae, stressing dif-
ferences in the metatarsus of Elmisaurus that merit higher taxo-
nomic distinction.

Here we describe a new oviraptorosaur specimen from the
Late Cretaceous Kaiparowits Formation, Grand Staircase-
Escalante National Monument, southern Utah. Though the dis-
covery of this specimen increases the taxonomic diversity of
North American oviraptorosaurs, due to fragmentary preserva-
tion it sheds no light on the previously discussed taxonomic con-
troversy surrounding Caenagnathus, Chirostenotes, Elmisaurus,
and the clades Caenagnathidae and Elmisauridae. Formerly the
argument to classify Chirostenotes and Elmisaurus as elmisaurids
was based on comparative material between these genera and
the lack of corresponding elements between Chirostenotes and
Caenagnathus. If one were to accept the synonymy of Chiro-
stenotes, Caenagnathus, and E. elegans proposed by Sues (1997),
the clade Caenagnathidae would have taxonomic priority for
these taxa. Given that the most recent publication by Currie
(Osmolska et al., 2004)—the greatest proponent of the taxo-
nomic separation of Chirostenotes and Caenagnathus and the
presence of Elmisaurus in North America (Currie, 1989, 1990,
1997)—accepts the synonomy of all three of these genera (Chiro-
stenotes pergracilis and Chirostenotes elegans, sensu Sues, 1997)
we are tempted to respond in kind and regard our new taxon as
a member of Caenagnathidae. However, although we regard it
likely that Chirostenotes and Caenagnathus are synonyms, and
that these genera belong to Caenagnathidae, we are reluctant to
make this taxonomic leap until direct comparative elements are
recovered for these taxa. Further, while we recognize that Os-
molska et al. (2004) question the presence of Elmisaurus in
North America (referring the North American species of Elmi-
saurus |E. elegans, sensu Currie, 1989] into Chirostenotes) we
believe there is enough contention over the relationship between
Elmisaurus (even if defined only by E. rarus Osmdlska, 1981)
and Chirostenotes (Maryariska et al., 2002; Osmolska et al., 2004
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suggest, minimally, a higher than “familial” level for this asso-
ciation) to warrant comparison with both these genera in this
manuscript. Since the taxon Oviraptorosauria is the lowest taxo-
nomic grouping presently available and potentially acceptable to
encompass these taxa (for review see Osmolska et al. 2004) we
have chosen to refer to materials associated with these genera as
North American oviraptorosaurs; however, we recognize that
comparative manus material from the genus Elmisaurus is pres-
ently only known from the Asian species E. rarus and the pres-
ence of Elmisaurus in North America is contended by some
authors. Beyond these distinctions, we cite specific specimen
numbers in instances of possible confusion.

Institutional Abbreviations—AMNH, American Museum of
Natural History, New York; MOR, Museum of the Rockies,
Bozeman; CMN, Canadian Museum of Nature (National Mu-
seum of Canada), Ottawa; ROM, Royal Ontario Museum, To-
ronto; RTMP, Royal Tyrrell Museum of Palaeontology, Drum-
heller; UMNH, Utah Museum of Natural History, Salt Lake
City.

SYSTEMATIC PALEONTOLOGY

DINOSAURIA Owen, 1842
THEROPODA Marsh, 1881
MANIRAPTORA Gauthier, 1986
OVIRAPTOROSAURIA Barsbold, 1976
HAGRYPHUS, gen. nov.

Etymology—From Ha, the ancient Egyptian God of the west-
ern desert, and gryphus, Latin for a fabulous four-footed bird,
gender masculine.

Diagnosis—as for the type and only species.

HAGRYPHUS GIGANTEUS, sp. nov.

Etymology—giganteus (Latin), huge.

Holotype—UMNH VP 12765, fragmentary distal left radius,
complete left carpus including the semilunate and radiale, and
left manus with complete digit I and III, complete digit I (ex-
cluding the ungual), fragmentary distal metatarsals and pedal
phalanges, and articulated distal portion of pedal digit II.

Type Horizon and Locality—Kaiparowits Formation (late
Campanian), Grand Staircase-Escalante National Monument,
southern Utah (Fig. 1). The specimen was recovered just south of
Powell Point, in an area of the monument known as “The Blues”,
from the isolated remnant of a fine-grained sandstone channel
deposit. Radiometric analysis of the Kaiparowits Formation by
Roberts et al. (2005) dates the type locality of Hagryphus gigan-
teus between 76 and 75 million years ago. Detailed locality in-
formation is on file at the UMNH.

Diagnosis—Hagryphus giganteus is a relatively large ovirap-
torosaur, estimated to be 30-40% larger than Chirostenotes. It is
distinguished from Chirostenotes in having a hyper-robust pha-
lanx of digit I, approximately 200% the breadth but not exceed-
ing 140% the length; from Elmisaurus in having a robust shaft of
metacarpal I with a width-to-length ratio of approximately 20%;
from both Chirostenotes and Elmisaurus in having the interpha-
langeal joint of digit I extending just distal to the metacarpopha-
langeal joint of digit II; from oviraptorids (sensu Osmolska et al.,
2004) in lacking subequal metacarpals II and III and subequal
digits IT and III; and from the potential oviraptorosaurs Avimi-
mus and Caudipteryx in lacking reduction and/or fusion of meta-
carpals and phalanges.

DESCRIPTION

The left carpus and manus of Hagryphus are completely pre-
served, lacking only the ungual of the second digit. These ele-
ments, along with a small portion of the distal left radius, were
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FIGURE 1. Locality of Hagryphus giganteus, gen. et sp. nov., and es-
timated geographic distribution of known North American oviraptoro-
saurs. Both previously known and newly documented ranges are shown.

recovered in articulation (Fig. 2). Hagryphus preserves the first
record of carpal elements of North American oviraptorosaurs,
and provides the only complete manus (excluding phalanx II-IIT)
known for the group. Based on comparison with the skeletal
reconstruction of the genus Oviraptor (Paul, 2002:9), Hagryphus
is estimated to be approximately three meters in length, making
it the largest described North American maniraptoran and one
of the largest members of the Oviraptorosauria.

Carpus

There are four carpals preserved in articulation with the left
manus: the semilunate (fused distal carpals one and two), the
radiale, and two smaller carpals located ventrolateral to the
semilunate and proximal to the third metacarpal (Fig. 3). Only
the radiale and semilunate have been documented in Asian ovi-
raptorosaurs (Barsbold et al., 1990), although examination of
Khaan mckennai (IGM 100/1127) reveals the possibility of a
third preserved carpal in at least one oviraptorid taxon. How-
ever, given the size and ventral position of the two small carpals
in Hagryphus, as well as the incomplete preparation of many
Asian skeletons, it is possible that other oviraptorids possess
undocumented ossified homologues.

The relatively large semilunate (37 mm in length) completely
covers the proximal surface of metacarpals I and II and com-
pares well with the general morphology seen in Oviraptor (Os-
born, 1924). In comparison to dromaeosaurs (Ostrom, 1969;
Burnham, 2004) and troodontids (Russell, 1969; Russell and
Dong, 1993; Currie and Dong, 2001), the semilunate is flatter and
broader, with a less convex proximal articular surface and a shal-
lower gliding surface for the radiale (Fig. 3). There is a well-
developed anterior process, creating an asymmetrical gliding arc
for the radiale.
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FIGURE 2. Articulated holotype of Hagryphus giganteus, gen. et sp. nov. (UMNH VP 12765), shown in ventral view.

The radiale is triangular in shape and approximately one-third
the size of the semilunate, as noted for other oviraptorids (Bars-
bold et al., 1990). In general form the radiale of Hagryphus is
more similar to that of Caudipteryx (Ji et al., 1998) and Sinorni-
thoides (Russell and Dong, 1993) than to the larger, elongate
radiale of dromaeosaurs (Ostrom, 1969; Burnham, 2004). Al-
though the radiale appears to be in natural articulation with the
semilunate and radius, the ventral portion of the semilunate has
separated from metacarpals I and II and is displaced somewhat
proximally.

Similarly, the two small carpals, though still in close associa-
tion with each other and the semilunate, appear to have shifted
from their natural positions, making identification of these ele-
ments problematic. However, it is likely that one of these smaller
carpals represents the ulnare, whereas the other may be the
intermedium or an unidentified carpal element. As preserved,
both of these smaller carpals are located ventrolateral to the
semilunate and radiale, with their long axes parallel to each other
and perpendicular to the metacarpus. The larger of the two is
oblong, subcircular in cross section, and 20 mm in length, with no
obvious articular facets. As preserved, the smallest of the carpals
occurs ventrolaterally, proximal to metacarpal III, and abutting
the oblong carpal. It is shorter and flatter than its counterpart
and possesses at least one or two rugose articular surfaces on
what is presently the dorsal surface. It appears that slight dislo-
cation of the smaller carpals has resulted in ventral deflection of
the proximal carpus and antebrachium. If so, the larger uniden-
tified element likely represents the intermedium, since corrective
repositioning would place it as a proximal carpal located be-
tween the radiale and the remaining small carpal, which would
then be the ulnare.

Metacarpus

Metacarpals I, II, and IIT are preserved in their entirety, per-
mitting the first definitive comparison of their relative propor-
tions. The relative proportions of the first and second metacar-
pals of Hagryphus most closely resemble those known from
other oviraptorosaurs (Fig 3). Together with Citipati (IGM 100/
979) and Conchoraptor (Barsbold, 1986), the first metacarpal of
Hagryphus extends approximately half the length of metacarpal
II. However, in contrast to the former two genera, which display
a derived condition of subequal metacarpals II and III, the third
metacarpal of Hagryphus is only 71% as long as the second, a
proportion more similar to that of basal maniraptorans (Osborn,
1903). These metacarpal proportions mimic the original recon-
struction of Chirostenotes pergracilis (Gilmore, 1924:fig. 1), since
Gilmore used the articulated manus of the basal maniraptoran
Ornitholestes (AMNH 587) as a reference to illustrate the rela-
tive proportions of the proximally incomplete metacarpals I, II,
and absent metacarpal III. Proximally, the metacarpals of Hay-
gryphus are tightly appressed, with the ventrolateral portion of
metacarpal I extending well beneath metacarpal II, and the dor-
solateral aspect of metacarpal II overlapping metacarpal I (Fig
3). Proximally, metacarpal III rests in splint-like fashion against
the proximal portion of metacarpal II, further reducing the po-
tential for independent movement in the proximal metacarpus.
Both the lateral surface of metacarpal I and the proximal articu-
lar surface of metacarpal III extend ventral to metacarpal II,
forming a gentle arc as viewed proximally.

Compared to Chirostenotes, metacarpal 1 of Hagryphus is
stouter and generally more robust than RTMP 79.20.1, which has
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FIGURE 3. The manus of Hagryphus (UMNH VP 12765) shown in dorsal view. Abbreviations: i?, intermedium?; r, radiale; sl, semilunate; u?,

ulnare?.
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a slender shaft that tapers rapidly proximal to the distal articular
surface. The dorsal surface of the proximal articular facet is con-
vex as in other oviraptorosaurs (Khaan, Elmisaurus), in contrast
to those of most other maniraptorans, which exhibit a concave
dorsal margin. The ventral margin of the proximal articular facet
is concave, possessing an elongate ventrolateral tubercle. Meta-
carpal I of Elmisaurus exhibits a similar condition. The shaft is
roughly oval in cross section and dorsoventrally flattened. Elmi-
saurus, by contrast, has a triangular shaft. The distal end is asym-
metrical, composed of proximodistally flattened condyles (Fig 3).
The lateral distal condyle is more extensive dorsally and reduced
ventrally relative to the medial condyle, which widens ventrally
and curves medially toward the second metacarpal. A large pit
occurs on the ventral aspect of the distal end, between the lateral
and medial condyles. The entire distal end of metacarpal I bows
slightly away from the second metacarpal.

The second metacarpal of Hagryphus is equally robust. A con-
vex proximal facet is entirely capped by the semilunate carpal.
The shaft is similar to metacarpal I in that it has an oval and
dorsoventrally flattened cross section. The distal condyles are
large, extending well onto the ventral surface. They are laterally
flaring and angular in form, displaying the characteristic chev-
ron-shaped ginglymoid distal articular surface of Chirostenotes
and Elmisaurus. Although the condyles are approximately sym-
metrical, the entire distal end is bowed slightly to the lateral side.
Both collateral ligament pits are well-developed, with the lateral
pit being more ventrally positioned.

The morphology of metacarpal III was previously unknown in
North American oviraptorosaurs and appears unique among
maniraptorans. Proximally, the third metacarpal is dorsoven-
trally elongate and extremely flattened in the mediolateral plane,
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forming a splint-like contact with metacarpal II (Fig 3). Only an
extremely reduced ventrolateral tuberosity is present and it is
doubtful that the third metacarpal was capable of much, if any,
independent movement. Nor is there any articulation between
the carpus and the third metacarpal, suggesting that, function-
ally, carpometacarpal interaction was restricted to the first and
second metacarpals. The proximal morphology of metacarpal III
compares most closely to that of the Asian oviraptorid Khaan
mckennai, which is differentiated from all other oviraptorids by
proximal reduction of the third metacarpal and the lack of con-
tact between this element and the distal carpus (Clark et al.,
2001). Although both taxa share this condition, the proximal
portion of metacarpal III is relatively subcircular in Khaan, as
compared to the severe mediolateral flattening of this element in
Hagryphus, resulting in a more severe degree of reduction in the
latter. The shaft of metacarpal III bows ventrolaterally. The dis-
tal articular surface is convex rather than ginglymoidal, and pos-
sesses a large pit centered near the ventral aspect, similar to that
of metacarpal I. The condyle is asymmetrical, possessing an elon-
gate ventrolateral margin and a much reduced medial aspect.
The articular facet does not extend onto the dorsal surface of the
distal end, suggesting that, in contrast to digits 1 and 2, the third
digit could not be hyperextended dorsally (Fig 4).

Phalanges

The proximal articular facet of phalanx I-I is expanded dor-
sally and posteriorly, appearing almost L-shaped in lateral view
(Fig 4). A pronounced triangular pit is present on the lateral
aspect of the proximal surface. The ventral surface of the shaft is

FIGURE 4. The manus of Hagryphus (UMNH VP 12765) shown in lateral, proximal, and distal views. Abbreviations: dit, dorsal intercondylar
tuberosity; dl, dorsal lip; ft, flexor tubercle; g, ungual groove; p, pit; vit, ventral intercondylar tuberosity.
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bowed, making most of the shaft dorsoventrally higher than
wide. However, just proximal to the distal articular end the shaft
pinches dorsoventrally. Both conditions are present on phalanx
I-I and to a lesser degree phalanx II-II of Chirostenotes (RTMP
79.20.1). Overall, the shaft bows toward the second digit, com-
pensating for the lateral bow of metacarpal I. The distal articular
condyles are relatively symmetrical and angular. As in RTMP
79.20.2 but to a lesser degree, reduction of surface area between
the dorsally positioned collateral ligament pits gives the distal
end a pinched appearance in dorsal view (Fig 3). Both ligament
pits are extremely deep, although the medial pit is more than
twice the area of its lateral counterpart, measuring about 8.5 mm
in length (Fig 4). These pits are also unusually deep in Elmisau-
rus (Osmolska, 1981).

Phalanx I-II is characteristically oviraptorosaurian, being lat-
erally compressed, strongly recurved, and proximally deep, ap-
pearing remarkably trenchant in overall form (Fig 4). The flexor
tubercle is robust and there is a wide, shallow groove between
the tubercle and the ventral margin of the articular facet. Jutting
from the dorsal margin of the articular surface is a pronounced,
nearly perpendicular dorsal lip.

Phalanx II-I is stout. The degree of ventral bowing exhibited
by the shaft is indeterminate due to damage in this area. How-
ever, it can be ascertained that, distally, the ventral surface of the
shaft slopes abruptly into a depression immediately proximal to
the distal articular condyles. The condyles themselves are sym-
metrical and rounded, but relatively reduced in area relative to
the dorsoventrally expanded and flatter condyles of metacarpals
I and II and all other phalanges. Nor are the condyles as angled
in dorsal view, appearing much more rounded. Collateral liga-
ment pits are present on both the lateral and medial sides; how-
ever, the lateral pit is well developed, whereas the medial pit is
represented only by a shallow depression.

In concordance with Chirostenotes and Elmisaurus, phalanx
II-IT is the longest in the manus and, although it exceeds phalanx
II-I by a slim margin, it is 14% longer than phalanx I-I, typically
the longest in the maniraptoran hand. Compared to phalanx II-I,
the proximal articular facet of phalanx II-II is dorsoventrally
expanded and mediolateraly compressed, possessing extensive
but more gracile intercondylar tuberosities and appearing nearly
symmetrical in lateral and proximal views. In contrast to phalan-
ges I-I and II-I, on which the height of the shaft is similar at its
proximal and distal extents, the shaft of phalanx II-II is triangu-
lar in lateral view, with its greatest height at its most proximal
extent. This corresponds to the dorsoventrally elongate proximal
articular facet (Fig 4). As in phalanx I-I, the ventral margin
exhibits some bowing. Distally, the condyles are asymmetrical,
the lateral being more extensive. Both collateral ligament pits
are deep and dorsally positioned.

There is an asymmetrical, convex joint surface between the
distal end of metacarpal III and the proximal articular surface of
phalanx III-I. This slight asymmetry keeps digit III angled to-
ward the second digit, as in Chirostenotes (Currie and Russell,
1988). In Elmisaurus, the proximal articular facet of this phalanx
retains a slight ridge (Osmdlska, 1981). A hypertrophied ventral
intercondylar tuberosity and nearly absent dorsal intercondylar
tuberosity on both phalanges III-I and III-II limited flexibility of
these joint surfaces (Fig 4). The ventral intercondylar tuberosity
is centered on the element, in contrast to Elmisaurus, on which
it is medially deflected (Osmolska, 1981). The shaft of phalanx
III-1 is straight and mediolaterally compressed, although it does
not approach the degree of flattening seen in Chirostenotes or
Elmisaurus. The distal condylar surface is somewhat flattened
anteroposteriorly and dorsally reduced. The lateral collateral
ligament pit is poorly developed and there is no evidence of a
medial pit.

Phalanx III-II is the shortest and stoutest of the elements of
digit I11, and indeed of the manus. Proximally it is most similar to
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phalanx III-I. However, there is a slight intercondylar ridge pres-
ent. The straight shaft possesses the greatest dorsoventral depth
of any of the digit III phalanges. The distal articular surface
exhibits only a slight dorsal expansion, producing a dorsal mar-
gin that appears nearly straight in lateral view. Unlike phalanx
III-1, the distal condyles possess a significant ventral extension.
Crushing obscures the state of the medial ligament pit; the lateral
is well developed.

The penultimate phalanx of digit III mimics that of digit II.
Unlike the majority of joint surfaces in digit III, the distal end of
the third phalanx is a well-developed ginglymoid surface for ar-
ticulation with the third ungual. The distal articular condyles are
also well developed and asymmetrical. The shaft is ventrally
bowed, and both collateral ligament pits are evident.

Phalanx III-IV is approximately two-thirds the size and less
robust than I-II, although by comparison, the extent and area of
its dorsal lip are nearly equal (Fig 4). Phalanx III-IV measures 75
mm along its outside curvature. It was discovered preserving an
epidermal sheath impression, which extends another 55 mm past
the tip. From its present position it appears that the sheath has
been displaced from the ungual. Unfortunately, the degree of
displacement cannot be determined with any accuracy.

Pes

With the exception of the distal portion of pedal digit II, re-
covered in situ within a small piece of sandstone, all elements of
the pes were found damaged and disassociated. The preserved
digit consists of the distal part of phalanx II-I, complete phalanx
II-IT and II-II1.

Only the distal portions of metatarsals II? and IV? remain, and
these are in poor condition. Additional weathered and uniden-
tifiable fragments recovered at the site probably represent meta-
tarsals as well. Unfortunately these elements add no additional
information on the distribution of tarsometatarsal fusion
amongst North American oviraptorosaur taxa—the presence of
which has been used to differentiate Elmisaurus and Chiro-
stenotes (Currie 1989, 1990, 1997)—as the proximal end of the
metatarsals are not preserved.

Most pedal phalanges associated with this specimen are poorly
preserved and little can be said about their morphology. In gen-
eral, these phalanges are robust with strong collateral ligament
pits and well-developed ginglymoid joint surfaces. Digit II, which
is in good condition, better illuminates the pedal morphology of
Hagryphus. In general, the phalanges of this digit resemble
MOR 752, a partial left pes of Elmisaurus (Varricchio, 2001) and
CMN 8538, an articulated pes of Chirostenotes (“Macrophalan-
gia canadensis” Sternberg, 1932). As in these specimens, the col-
lateral ligament pits are located more dorsally in the penultimate
phalanges, causing a pinched appearance in dorsal view. The
penultimate phalanges lack the deep extensor pits found on the
dorsal surface just proximal to the distal articulation of more
proximal phalanges, similar to the condition in Elmisaurus (Var-
ricchio, 2001).

Hagryphus preserves four pedal unguals: a complete II-II1,
nearly complete III-IV and IV-V, and the proximal articular
portion of what is likely I-II. All four possess well-developed
flexor tubercles that form a broad base. Compared to CMN 8538,
the unguals are mediolaterally compressed dorsal to the lateral
sulcus, creating a triangular shape in distal cross section. More
proximally, however, the cross-section is hourglass shaped due to
the broadening lateral sulcus, which forms a wide and shallow
concavity as it approaches the proximal articular surface. As
seen in other theropods (Russell and Dong, 1993; Sereno et al.,
1994), the sulcus bifurcates proximally.
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DISCUSSION

Upon first consideration, it might seem inappropriate, or at
least non-conservative, to erect a new taxon solely on the basis of
an articulated manus and a few pedal elements. Yet to date, all
North American oviraptorosaur taxa have been named from
fragmentary remains. The first North American oviraptorosaur
described, Chirostenotes pergracilis (Gilmore, 1924), was coined
from a single articulated manus significantly less complete than
the manus of Hagryphus. More importantly, the manus is known
from a broad range of North American oviraptorosaur taxa in-
cluding Chirostenotes pergracilis (CMN 2367, Gilmore, 1924),
Chirostenotes elegans (RTMP 79.20.1 sensu Sues, 1997), and an
Asian species, Elmisaurus rarus (ZPAL MgD-1/98, Osmolska,
1981), representative of the contentious North American E. el-
egans (Currie, 1989; for discussion on this topic see Introduc-
tion). Thus, although the holotype of Hagryphus is fragmentary,
it rather fortuitously preserves perhaps the most applicable por-
tion of the skeleton for making diagnostic comparisons with the
majority of North American oviraptorosaurs.

Moreover, Hagryphus can also be compared to most Asian
oviraptorosaurs. In the many Asian taxa for which more com-
plete remains are known (Barsbold, 1981, 1986; Norell, 1995; Ji
et al., 1998; Clark et al., 2001), genus and species level morpholo-
gies are substantiated by a broad range of skeletal features in-
cluding, in many oviraptorids, characters associated with bony
cranial crests (Barsbold, 1981, 1986). Lacking such a broad range
of taxonomic evidence among described North American ovi-
raptorosaurs, it is highly significant that nearly all Asian ovirap-
torosaur genera can be diagnosed solely on the basis of charac-
ters associated with manal proportions and morphology (Bars-
bold, 1983, 1986; Barsbold et al., 1990; Norell et al., 1995; Clark
et al., 2001). Accordingly, we are confident in assigning taxo-
nomic significance to similar variations in manal morphology of
North American oviraptorosaur taxa. Further, in terms of com-
parative material, the manus is known for and diagnostic of most
other maniraptoran clades, including ornithomimids, therizino-
saurs, dromaeosaurids, troodontids, and avialians. As a result,
the taxonomic assessment of Hagryphus is strongly supported by
comparative diagnostic materials known for closely related taxa.

Hagryphus possesses the following features supporting its as-
signment to Maniraptora: semilunate carpal (fused distal carpals
one and two; Gauthier, 1986), laterally bowed metacarpal III
that is thinner than metacarpal IT (Gauthier, 1986), and meta-
carpal I between half and one-third the length of metacarpal II
(Holtz, 2001).

Within Maniraptora, Hagryphus possesses a number of traits
characteristic of oviraptorosaurs. These include: elongate meta-
carpal I (Gauthier, 1986; Barsbold et al., 1990); manual phalanx
III-11T shorter than III-I + ITI-IT (Gauthier, 1986); stout manual
unguals with an extremely pronounced and nearly perpendicular
dorsal lip (Currie and Russell, 1988); sulci symmetrical on lateral
and medial surface of unguals (they are asymmetrical in drom-
aeosaurs and troodontids); and broad, angular distal condyles on
metacarpals and phalanges. Moreover, Hagryphus possesses nu-
merous features characteristic of North American oviraptoro-
saurs such as a penultimate phalanx of digit II that extends be-
yond the ungual of the third digit, phalanx II-II longer than
phalanx I-I (Currie and Russell, 1988), reduction in digit III
relative to digits I and II (Currie and Russell, 1988), extremely
deep collateral ligament pits on phalanx I-I, and a proximally
U-shaped first metacarpal. In general, the morphology of digit
IIT is similar among Hagryphus, Elmisaurus, and Chirostenotes,
suggesting that the unusual modifications of this digit are syn-
apomorphic for North American oviraptorosaurs.

In regard to North American oviraptorosaurs, the manus of
Hagryphus is significantly larger and more robust than that of
Elmisaurus and either morphotype of Chirostenotes (Fig 5).
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FIGURE 5. Comparative reconstructions of the manus of North
American oviraptorosaurs shown scaled to the same PI-I length. A, El-
misaurus rarus (after Osmolska 1981); B, Chirostenotes pergracilis (after
Currie and Russell 1988); C, Chirostenotes pergracilis (after Gilmore
1924); D, Hagryphus giganteus, gen. et sp. nov.; E, manus of above taxa
shown to scale. Elements in gray are unknown.

Compared to these genera, the increase in relative thickness is
most evident in the first and third digits of Hagryphus. Specifi-
cally, phalanx I-I is approximately 200% the width of phalanx I-I
in RTMP 79.20.1 and CMN 2367, although the former differs in
length by only 28% and 38%, respectively (Table 1). Similarly,
phalanx III-IIT is 200% the width of RTMP 79.20.1 and 163% the
width of CMN 2367, though it is only 46% and 36 % greater in
length, respectively (Table 1). In contrast to the marked varia-
tion between Hagryphus and these specimens, the widths of
these phalanges in the two morphotypes of Chirostenotes never
vary more than 18%.

Variance between the manus of Hagryphus and those of
Chirostenotes and Elmisaurus is not restricted to a relative in-
crease in robustness. Approximate phalangeal proportions of
Chirostenotes and Hagryphus can be assessed because CMN
2367 is preserved in articulation, allowing digital comparisons to
be made in the absence of a complete Chirostenotes metacarpus.
Regarding Elmisaurus, the comparisons listed below were made
on the basis of a complete first metacarpal and a reconstructed,
proximally incomplete second metacarpal (Osmolska, 1981).

The digital proportions of Hagryphus differ significantly when
compared to those of other North American oviraptorosaurs. In
the articulated Chirostenotes specimen CMN 2367, the penulti-
mate phalanx of digit I extends more than half the length of
phalanx II-I. The penultimate phalanx of digit I extends slightly
farther in Elmisaurus (ZPAL MgD-1/98, Osmolska, 1981), nearly
reaching the proximal interphalangeal joint of digit II (Fig. 5).
The difference between these genera is most likely attributable
to a change in the relative proportions of metacarpals I and II or
metacarpal II and phalanx I-I. Unfortunately, the lack of com-
plete metacarpals in Chirostenotes and Elmisaurus precludes
confirmation of either assessment. Excluding the unguals, the
third digit of Hagryphus is only 77% the length of the second, in
contrast to most Asian oviraptorosaurs, which have subequal
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TABLE 1. Comparative measurements (in cm) of the manus of Hag-
ryphus giganteus (UMNH VP 12765), Chirostenotes pergracilis (NMC
2367) and Chirostenotes sp. (RTMP 79.20.1)

RTMP UMNH VP

CMN 2367 79.20.1 12765
Digit 1
Metacarpal 1
Maximum length — — 6.6
Mediolateral shaft width 0.62 0.55% 1.3
Phalanx I
Maximum length 6.3%* 6.8 8.7
Mediolateral shaft width 0.61 0.6 1.2
Ungual
Maximum length (outside — 4.4%* — 9.4
curvature)
Total length 10.7#* (w/out — 27.2
MC)
Digit 11
Metacarpal 11
Maximum length — — 12.2
Mediolateral shaft width 0.78 — 1.6
Phalanx I
Maximum length 6.5%* 7.7 9.5
Mediolateral shaft width ~ 0.79 0.85* 1.4
Phalanx II
Maximum length 7.2%% 8.1 9.9
Mediolateral shaft width 0.66 0.8 1.2
Total length 19.9 (w/out — 31.6 (w/out
MC) ungual)
Digit 111
Metacarpal 11T
Maximum length — — 8.7
Mediolateral shaft width — — 0.7
Phalanx I
Maximum length — — 5.4
Mediolateral shaft width — 0.3* 0.6
Phalanx II
Maximum length — — 4.5
Mediolateral shaft width — — 0.7
Phalanx II1
Maximum length 4.4%% 4.1% 6.0
Dorsoventral shaft height — 0.55 1.0
Mediolateral shaft width 0.49* 0.4* 0.8
Ungual
Maximum length (outside  3.6%* — 7.5
curvature)
Total length 12.8 (w/out — 32.1
MC)

*Currie and Russell, 1988.
**Gilmore, 1924.

second and third digits (Norell and Clark, 1995). In Chirostenotes
the third digit is 30% longer than the first and 30% shorter than
the second (Currie and Russell, 1988.) By comparison, the third
digit of Hagryphus is 55% longer than the first and 23% shorter
than the second, underlining its increased relative size in the
manus of this genus.

The manus of Hagryphus is approximately 30% larger than
RTMP 79.20.1 and 40% larger than CMN 2367 (Fig. 5). Thus one
possibility to be considered is that the observed differences in
Hagryphus are due to intraspecific positive allometry—that is, to
morphological variation associated with ontogeny rather than
interspecific variation. According to this view, the manus ele-
ments became increasingly robust with age and, if individuals of
other North American oviraptorosaurs were to have grown to
equivalent size, they too would have exhibited the morphologies
observed in Hagryphus.

We regard this ontogenetic hypothesis as highly unlikely.
While the increase in robustness in the first and third digits of
Hagryphus is considerable, digit II shows significantly less mor-
phological divergence from the condition present in other North
American oviraptorosaurs. Phalanx II-II of Hagryphus is only
38% wider than RTMP 79.20.1 and 67% wider than CMN 2367,

903

although the increase in length of this phalanx is comparable to
those of digits I and IIT (Table 1). If differences in manus ro-
bustness between Hagryphus and other North American ovirap-
torosaurs were attributable solely to allometric scaling, one
would predict approximately equivalent modifications to be
manifest across all digits, contrary to the observed condition.
Based on these findings, we regard it as highly improbable that
the observed autapomorphies in Hagryphus are due to ontoge-
netic variation, asserting instead that the morphological unique-
ness of the Utah specimen is due first and foremost to taxonomic
variation.

The above-described oviraptorosaur from the Kaiparowits
Formation of southern Utah has significant geographic implica-
tions. The vast majority of North American oviraptorosaurs, and
all specimens referred to Chirostenotes, are known from the Ju-
dith River Group or the Horseshoe Canyon Formation, Alberta.
A single specimen of Elmisaurus (MOR 752) and a single speci-
men of Caenagnathus (BHM 2033) have been recovered from
the Hell Creek Formation of Montana and South Dakota, re-
spectively. Another specimen of Caenagnathus (MOR 1107) and
the oviraptorosaur Microvenator are known from Montana. All
20 North American specimens thus far referred to Oviraptoro-
sauria have been recovered from this restricted geographic area
(Fig 1). The addition of Hagryphus in southern Utah nearly
doubles the known range of oviraptorosaurs in North America,
and indicates further that the group was much more broadly
distributed throughout Late Cretaceous ecosystems of the West-
ern Interior than previously appreciated.
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