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Abstract: Two ornithomimids (Gallimimus bullatus and Anserimimus planinychus) and an enigmatic ornithomi-
mid (Deinocheirus mirificus) from the Nemegt Formation (Maastrichtian) of Mongolia are reviewed in this
study. Gallimimus bullatus is one of the best-known ornithomimids, but its diagnoses need to be revised. The
length ratio of the manus/humerus in Gallimimus bullatusis 0.61. This is the smallest value in ornithomimosaurs
(approximately 0.8 or more in other ornithomimosaurs) and may be a good character to diagnose Gallimimus
bullatus as suggested by previous studies. Anserimimus planinychus is a unique ornithomimosaur in having
strong deltopectoral crest of the humerus, dorsoventrally flat and nearly straight manual unguals, and long
forelimbs. Anserimimus planinychus shares two characters (position of the biceps tubercle and alignment of
the glenoid) with Gallimimus bullatus and has a long metacarpal I as in Ornithomimus edmontonicus (derived
ornithomimosaur) and a long metacarpal II1 as in Harpymimus okladnikovi (primitive ornithomimosaur). The
phylogenetic position of Deinocheirus mirificus has been problematic since its discovery. Preliminary phyloge-
netic analyses are tested in this study based on three large data matrices of Theropoda from previous studies.
In two of the data matrices results indicate that Deinocheirus mirificus is a possible ornithomimosaur because
it has some ornithomimosaur-like features (e.g., subequal metacarpals and weak deltopectoral crest of humerus),
but the phylognetic status of Deinocheirus mirificus as an ornithomimosaurs is not confirmed because results
using the other character matrix placed this taxon outside of the clade Ornithomimosauria.
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INTRODUCTION

The Nemegt Formation is Maastrichtian in age, the youngest unit among the Upper Cretaceous for-
mations in the Gobi region of Mongolia (Fig. 1B), and is rich in dinosaurs. Theropod dinosaurs from the
Nemegt Formation include tyrannosaurids, ornithomimids, a therizinosaurid, oviraptorosaurs, a dro-
maeosaurid, troodontids, and birds (Currie, 2000). Ornithomimids from the Nemegt Formation are
Gallimimus bullatus, Anserimimus planinychus, and Deinocheirus mirificus (Currie, 2000). Nemegt or-
nithomimids are known from various localities in Omnogov’, southern part of Mongolia, (Fig. 1A).

Gallimimus bullatus, described by Osmolska et al. (1972), is the most common ornithomimid from the
deposits and is the best-known among the Nemegt ornithomimids (Fig. 2A). The original description is
based on three nearly complete skeletons and some fragmentary specimens, found during the Polish-
Mongolian Expeditions, and revealed its anatomy in detail, allowing us to compare with North American
ornithomimids (Osmolska ef al., 1972; Russell, 1972). Since the first discovery of Gallimimus bullatus,
additional specimens of this animal have been discovered from the Nemegt Formation by Mongolian ex-
peditions accompanied by other countries (e.g., American, Canadian, and Japanese colleagues). Barsbold
has recognized the morphological variation among the new specimens of Gallimimus, but the variation
has not been described in the literature.

Anserimimus planinychus, named by Barsbold in 1988, is similar to Gallimimus bullatus but differs in
having a strong deltopectoral crest on the humerus and flat manual unguals (Barsbold, 1988) (Fig. 2B).
Because the original description of Anserimimus planinychus emphasized these characteristic features
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Fig. 1. Map of localities of Gallimimus bullatus (Nemegt, Bugin Tsav, Naran Bulak, and Ulan Khushu), Anserimimus plani-
nychus (Bugin Tsav), and Deinocheirus mirificus (Altan Ula III) in Omnogov’, Mongolia (A) (from Watabe and Suzuki,
2000) and stratigraphic position of the Nemegt Formation (from Khand et al., 2000). EK, Early Cretaceous.

and provided a brief description of the animal, detailed knowledge of this taxon and comparisons with
Gallimimus have been limited so far. Some phylogenetic studies show that it has a close relationship with
Gallimimus bullatus (Kobayashi and Lii, 2003; Kobayashi and Barsbold, 2004).

Deinocheirus mirificus was described by Osmolska and Roniewicz (1970) based on pectoral girdle
and forelimb elements with some other associated material (Fig. 2C). The relationship of this taxon to
Ornithomimidae is contentious (Currie, 2000; Makovicky et al., 2004). Previous studies mentioned orni-
thomimid features in Deinocheirus mirificus (weak deltopectoral crest of the humerus and long meta-
carpal I) (Osmodlska and Roniewicz, 1970; Currie, 2000; Makovicky et al., 2004). Makovicky et al.
(2004) suggested the possibility that Deinocheirus mirificus is a primitive ornithomimosaur because of
the lack of some features seen in ornithomimids. Currie (2000) also mentioned that the long arm might

o
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Fig. 2. Materials discussed in this study. (A) Complete skeletons of Gallimimus bullatus (from Osmolska, et al., 1972),
(B) a partial skeleton of Anserimimus planinychus (from Barsbold, 1988), and (C) pectoral girdle and forelimb of
Deinocheirus mirificus (from Osmolska and Roniewicz, 1970). Scale below the reconstruction of Gallimimus bullatusis
for (A) and (C). Abbreviations: co, coracoid; dt, digit; hu, humerus; mc, metacarpal; mt, metatarsal; ra, radius; sc, scapula;
ul, ulna.

suggest a close relationship with therizinosaurids. The problem of taxomonic and phylogenetic assign-
ment of Deinocheirus mirificus is largely because of the fragmentary nature of the holotype specimen.

The three main goals for this study are: (1) to review previous studies on Gallimimus, (2) to provide
more comparisons between Anserimimus planinychus and Gallimimus bullatus, and (3) to utilize pre-
liminary phylogenetic analysis to test affinities of Deinocheirus mirificus with Ornithomimosauria.

Institutional abbreviations - MPD, Mongolian Paleontology Dinosaur, Paleontological Center of
Mongolia, Ulaan Baatar, Mongolia; ROM, Royal Ontario Museum, Toronto, Ontario, Canada; TMP,
Royal Tyrrell Museum of Palaeontology, Drumbheller, Alberta, Canada; ZPAL, Institute of Paleobiology,
Polish Academy of Sciences, Warsaw, Poland.

REVIEWS AND DISCUSSIONS ON NEMEGT ORNITHOMIMIDS

Gallimimus bullatus Osmoélska, Roniewicz et Barsbold, 1972

Gallimimus bullatus, discovered from at least four different localities of the Nemegt Formation in
Omnogov’ during the Polish-Mongolian Expeditions, was well described by Osmolska et al. (1972) (Fig.
2A). The original description is based on three nearly complete skeletons (MPD 100/10, MPD 100/11,
and ZPAL MgD-1/94) and some fragmentary specimens. MPD 100/11 is the type specimen and is the
largest individual (roughly 2 m high at the hip), and MPD 100/10 is a juvenile individual and is the small-
est (roughly 0.5 m high at the hip) (Osmolska et al., 1972; Currie, 2000).

Most of the diagnosis of Gallimimus bullatus in the original paper by Osmolska et al. (1972) is fo-
cused on skull structures (long and dorsoventrally flat snout, subtriangular infratemporal fossa, jugal ex-
cluded from the infratemporal fenestra, common exit for third and fourth nerve, shovel-like lower jaw,
and elongated external mandibular fenestra) and limb proportions (humerus longer than scapula, manus
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Fig. 3. Scatter plot graphs, showing distinctively short manus of Gallimimus bullatus among ornithomimosaurs.

equal to a quarter of total forelimb, manual ungual of digit III (IT1I-4) shorter than penultimate phalanx of
the same digit (I1I-3), metatarsus more than 70% of crural length, metatarsal IT equal 97% of metatarsal
IV, and pedal digit III equal a third of crural length). Nicholls and Russell (1981) made comparisons of
the proportions of the forelimb elements in Gallimimus bullatus and North American taxa and showed
that Gallimimus bullatus had a long humerus and short manus. They also suggested that in Gallimimus
bullatus a manual ungual II1-4 is longer than a penultimate phalanx III-3 and the humerus is longer than
scapula in Ornithomimus edmontonicus (fig. 2 in Nicholls and Russell, 1981) as well. Makovicky et al.
(2004) mentioned some possible diagnostic characters of this taxon, including reduced external man-
dibular fenestra, short manus, expanded flange bordering the extensor groove on the craniodistal face of
the femur, and an additional foramen of unknown function on the braincase wall bordering the metotic
strut lateral to the vagus foramen. But they also suggested that further studies are needed to confirm if
these are diagnostic for this taxon. The short manus of Gallimimus bullatus has been discussed by all of
the previous studies. The length ratio of manus/humerus is 0.61 in Gallimimus bullatus (MPD 100/11),
whereas the ratio in other ornithomimosaurs is roughly 0.8 or more (Fig. 3A). The length ratios of manus
(excluding ungual)/humerus are compared and shown in Fig. 3B. This ratio is used because some speci-
mens have poor preservation of unguals. The graph shows that a short manus is not an ontogenetic char-
acter and is a good diagnostic feature of Gallimimus bullatus because a low ratio (roughly 0.5) is found in
the largest individual (MPD 100/11; holotype) and in a smaller individual (MPD 100/12).

A nearly complete skeleton of ornithomimid (MPD 100/14) was found from the Baishin Tsav of south-
eastern Mongolia (where a primitive but toothless ornithomimosaur, Garudimimus brevipes, was dis-
covered) and was imfornally called “Gallimimus mongoliensis” by Barsbold. It possesses derived fea-
tures (e.g., lack of teeth, subequal metacarpals, and arctometatarsalian condition of metatarsals) of
Ornithomimidae. It also differs from Gallimimus bullatus in having a small skull, more proximally posi-
tioned medial divergence of metacarpal I, nearly straight manual unguals, and shorter metatarsals (Figs.
4C, 5B). The length ratio of manus/humerus is 0.91, greater than Gallimimus bullatus, but a common ra-
tio for ornithomimosaurs (Fig. 3). These suggest that this ornithomimid (MPD 100/14) is not Gallimimus
but belong to another genus, perhaps a new taxon.
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Fig. 4. Metacarpals of Gallimimus bullatus (left) (MPD 100/11) (A), Anserimimus planinychus (right) (MPD 100/300)
(B), and “Gallimimus mongoliensis” (left) (MPD 100/14) (C).

Anserimimus planinychus Barsbold, 1988

Anserimimus planinychus (MPD 100/300) was described and named by Barsbold (1988) (Fig. 2B).
The type specimen preserves postcrania and is missing the skull. It is known only from the type specimen
from the Nemegt Formation at Bugin Tsav in Omnogov’.

The original paper stated that the diagnostic characters of this taxon are strong deltopectoral crest of
thehumerus and dorsoventrally flat manual unguals. Makovicky et al (2004) added the large epicondyles
of the humerus as another unique feature among ornithomimosaurs. Comparisons with other ornithomi-
mosaurs in this study confirm that the diagnoses in the original paper are still valid although Currie
(2000) suggested the possibility of Anserimimus planinychus as a junior synonym of Gallimimus
bullatus. The deltopectoral crest of the humerus is strong in Anserimimus planinychus, and the ratio of
(proximal width)/(shaft width) is greatest in Anserimimus planinychus (2.75) among ornithomimosaurs
(e.g., Gallimimus bullatus (MPD 100/11, 2.23; MPD 100/12, 2.01)) (Fig. 6). In Anserimimus plani-
nychus, manual unguals are flat unlike any other ornithomimosaurs, and the height/width ratio in the
manual ungual of digit I is 0.52 (Fig. 5D, E). In other ornithomimosaurs, the ratios range from 1.15 (an un-
gual of Archaeornithomimus asiaticus) to 2.10 (ungual of digit I of Sinornithomimus dongi). Additionally,
the ratio of (manual ungual length)/(manual ungual proximal height) in Anserimimus planinychus is
9.12, the largest in ornithomimosaurs.

As discussed earlier, the short manus may be a diagnostic feature of Gallimimus bullatus (the length
ratio of manus/humerus is 0.61). Anserimimus planinychus has a long manus (the above ratio is 0.91), in-
dicating that it is different from Gallimimus bullatus (Fig. 3).

Further examination of the original specimens has revealed additional possible unique features of
Anserimimus planinychus, which are concentrated in forelimb features. Anserimimus planinychushas rel-
atively long forelimb elements among ornithomimosaurs. These features are expressed in the ratio of
(forelimb length)/(hindlimb length), long radius, and long manual phalanges. The ratio (forelimb
length)/(hindlimb length) in Anserimimus planinychus is 0.69, which is greater value than most ornitho-
mimosaurs (Gallimimus bullatus (MPD 100/11), 0.55; Sinornithomimus dongi, 0.53; Ornithomimus ed-
montonicus (ROM 851), 0.65; Struthiomimussp. (TMP 90.26.1), 0.60). Anserimimus planinychushas
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Fig. 5. Manual ungual phalanges of Gallimimus bullatus (from Osmolska, et al., 1972) (A), “Gallimimus mongoliensis”
(MPD 100/14) (B), and Deinocheirus mirificus (from Osmoélska and Roniewicz, 1970) (C) and right hand of Anserimimus
planinychus (MPD 100/300) (D and E). Abbreviations: dt, digit; II-2, manual phalanx II-2 (ungual); II-3, manual phalanx
11-3 (ungual); IV-4, manual phalanx IV-4 (ungual).
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Fig. 6. Humeri of ornithomimosaurs. (A) Left humerus of Anserimimus planinychus (MPD 100/300) in lateral view,
left humerus of Gallimimus bullatus (MPD 100/11) (from Osmolska, ef al., 1972) in lateral (left) and ventral (right)
views (B), and right humerus of Harpymimus okladnikovi (MPD 100/29) (from Kobayashi and Barsbold, 2005) in ventral
view. Scales are 10 cm.

long radii. The radius/humerus length ratio is 0.80 in this taxon but it is between 0.50 and 0.75 in most of
ornithomimosaurs, including Gallimimus bullatus (MPD 100/11, 0.67 and MPD 100/12, 0.64). The sum
of the length of the manual phalanges III-1+11I-2 is shorter than manual phalanx III-3 in Gallimimus and
other ornithomimosaurs, but it is longer in Anserimimus.

Previous phylogenetic analyses show that Anserimimus planinychus is placed within Ornithomimidae,
sharing an unambiguous synapomorphy of the clade (proximal end of metatarsal III is covered by meta-
tarsals II and IV in anterior view: arctometatarsalian condition) (Barsbold, 1988; Kobayashi and Lii,
2003; Makovicky et al., 2004). Anserimimus planinychusalso possesses derived characters among orni-
thomimosaurs such as radial condyle of the humerus smaller than ulnar condyle, long metacarpal I, me-
dially rotated distal end of metacarpal I, and loss of pedal digit I (Kobayashi and Lii, 2003). Two charac-
ters in the coracoid (position of the biceps tubercle and alignment of the glenoid) indicate that
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Anserimimus planinychus is a sister taxon to Gallimimus bullatus. In addition to the diagnostic characters
noted for Anserimimus planinychus, the phylogenetic analysis by Kobayashi and Lii (2003) showed dif-
ferences between Anserimimus planinychus and Gallimimus bullatus in the former having a depression
dorsal to the supraglenoid buttress of the scapula and metacarpals I and III longer than metacarpal II (Fig.
7). The presence of the depression on the scapula is common in North American forms (Ornithomimus,
Struthiomimus, and Dromiceiomimus). Metacarpals I and III are longer than metacarpal II in
Anserimimus planinychus. A long metacarpal III is also seen in a toothed primitive ornithomimosaur
from the Early Cretaceous, Harpymimus okladnikovi (Barsbold and Perle, 1984; Kobayashi and
Barsbold, 2005). On the other hand, a long metacarpal I is present in a derived North American ornitho-
mimid, Ornithomimus (Nicholls and Russell, 1981), showing mosaic metacarpal features present in
primitive and derived ornithomimosaurs.

Deinocheirus mirificus Osmélska et Roniewicz, 1970

The pectoral girdle and forelimb elements as well as other fragments (ribs and partial vertebrae) of
Deinocheirus mirificus (ZPAL MgD-1/6) were found at Altan Ula III of the Nemegt Formation
(Omnogov’) and described by Osmolska and Roniewicz (1970) (Fig. 2C). Deinocheirus mirificusis
unique in its large size. Its systematic relationships have been problematic. Originally, Osmolska and
Roniewicz (1970) erected Deinocheiridae based on a single taxon, Deinocheirus mirificus. Barsbold
(1976) coined Deinocheirosauria, which includes Deinocheirus mirificus and Therizinosaurus cheloni-
formis both from the Nemegt Formation. Osmolska and Roniewicz (1970) and some previous studies
suggested affinities with Ornithomimosauria (Paul 1988; Makovicky et al., 2004). Makovicky et al.

Fig. 7. Left humerus of Deinocheirus mirificus (ZPAL MgD-1/6) in lateral view (A) and right metacarpals in anterior
view.

o



Kobayashi and Barsbold - Nemegt ornithomimids 203

(2004) described ornithomimosaur-like characters in Deinocheirus mirificus (reduced deltopectoral crest
of humerus, a deep acromion process of scapula, and a metacarpal I subequal to metacarpals II and III).
On the other hand, they listed non-ornithomimosaur characters (flange on the supraglenoid buttress of
scapula absent, strongly curved manual unguals with proximally positioned flexor tubercles, lack of syn-
desmotic articulation between radius and ulna, and lack of subglenoid shelf of coracoid) (Fig. 5C).
Because of the presence of these ornithomimosaur-like and non ornithomimosaur-like characters, the
phylogenetic status of Deinocheirus mirificus has not been resolved.

In this study, preliminary phylogenetic analyses are used to determine the possible phylogenetic status
of Deinocheirus mirificus within Theropoda and Ormithomimosauria. Data matrices of previous studies
on theropod phylogeny were used (Holtz, 1998; Maryanska et al., 2002; Makovicky et al., 2005). In the
data matrices of Holtz (1998) and Maryanska et al. (2004), Ornithomimidae/Ornithomimosauria was re-
placed with twelve taxa (Pelecanimimus polyodon, Harpymimus okladnikovi, Shenzhousaurus ori-
entalis, Garudimimus brevipes, Archaeornithomimus asiaticus, Sinornithomimus dongi, Gallimimus bul-
latus, Anserimimus planinychus, Struthiomimus altus, Ornithomimus edmontonicus, and Dromiceiomimus
brevitertius), and Deinocheirus mirificus was added to the data matrices. For the data matrix of
Makovicky et al. (2005), Deinocheirus mirificus was simply added to their data matrix. Settings for the
analyses (outgroups, character weight, search option, and programs) followed the original analyses.

A strict consensus tree of most parsimonious trees obtained based on the data matrix of Holtz (1998)
suggested the phylogenetic status of Deinocheirus mirificus as a member of Ornithomimosauria and
showed that Pelecanimimusis a sister taxon to the remaining ornithomimosaurs and relationships of orni-
thomimosaurs excluding Pelecanimimus are unresolved (Fig. 8A). Deinocheirus mirificus possesses
some unambiguous synapomorphies of Ornithomimosauria from this analysis, and these are reduced ac-
romion of the scapula, metacarpal I subequal to metacarpal II, and non-hyperextensive metacarpal pha-
langeal joints (Fig. 7B). This analysis also suggests that Deinocheirus mirificus is more derived than
Pelecanimimus because it shares three unambiguous synapomorphies low manus (humerus + radius) ra-
tio, base of metacarpal III along same place as metacarpal I and II, and manual ungual phalanx length
greater than three times longer than proximal height).

In the phylogenetic analysis based on the data matrix of Makovicky et al. (2005) Deinocheirus mir-
ificus is placed within Ornithomimosauria, sharing two unambiguous synapomorphies (fused scap-
ulocoracoid and weak deltopectoral crest of the humerus) with other ornithomimosaurs, similar to the
conclusions of Makovicky et al. (2004) (Figs. 7A, 8B). It also suggested that Deinocheirus mirificus is a
sister taxon to the remaining taxa (Pelecanimimus and higher). Deinocheirus mirificus is excluded from
the clade of Pelecanimimus and higher taxa because it possesses the primitive condition in some forelimb
elements (loosely jointed ulna and radius and strongly curved manual unguals with proximally posi-
tioned flexor tubecle) (Nicholls and Russell, 1985; Makovicky et al., 2004).

Using the data matrix of Maryanska et al. (2002), our phylogenetic analysis suggested that Deinocheirus
mirificus is placed outside of Ornithomimosauria and Coelurosauria. This is largely because Deinocheirus
mirificus shows primitive condition in some characters (scapula/humerus length ratio, more than 1.2,
short posterior process of the coracoid, total length of manual phalanges III-1 and III-2 greater than III-3)
for Ornithomimosauria.

Although these preliminary phylogenetic analyses did not resolve the phylogenetic status of Deinocheirus
mirificus, they summarize the affinities of Deinocheirus mirificus with ornithomimosaurs, and its non-
ornithomimosaur characters. The analyses do not show a close relationship of Deinocheirus mirificus
with Therizinosauridae. Forelimb elements are important for determining the relationships of derived or-
nithomimosaurs (Ornithomimidae) (Kobayashi and Barsbold, 2005). If Deinocheirus mirificusis a primi-
tive ornithomimosaur as suggested by Makovicky et al. (2004) and a phylogenetic analysis in this study
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Fig. 8. Strict consensus trees of most parsimonious trees
based on the data matrices of Holtz (1998) (A) and
Makovicky et al. (2005) (B), showing possible phylogenetic
status of Deinocheirus mirificus within Ornithomimosauria.

ORNITHOMIMOSAURIA

based on the data matrix of Makovicky ef al. (2005), skull and hindlimb elements need to be found in the
future because these elements are important for understanding the relationships of basal ornithomimo-
saurs (Currie, 2000; Makovicky et al., 2004; Kobayashi and Barsbold, 2005).

If Deinocheirus mirificus is an ornithomimsaur, three genera of ornithomimosaurs were present during
Maastrictchian in southern Mongolia. Gallimimus bullatusis characterized by a having shorter forelimb,
especially the manus, than Anserimimus planinychus. Anserimimus planinychus had long forelimbs with
powerful humerus musculature and flat unguals. Deinocheirus mirificus has a large body with large
arms. Although some features in the humerus and hand of Deinocheirus mirificus are similar to other or-
nithomimosaurs, it retains primitive features like non- syndesmotic articulation between the ulna and ra-
dius and raptorial claws. These differences indicate that Gallimimus bullatus, Anserimimus planinychus,
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and Deinocheirus mirificus might have different life styles one from each other.

CONCLUSION

Gallimimus bullatus, Anserimimus planinychus, and Deinocheirus mirificusare known from the
Nemegt Formation of Mongolia and have been interpreted as definitive and possible ornithomimid
dinosaurs. Gallimimus bullatus can be diagnosed by its short manus. Other possible diagnostic features
need to be studied in the future. Anserimimus planinychus is represented by only a single skeleton
(whereas Gallimimus bullatusis common) from the Nemegt Formation. It has characteristic features in
the arm as well, and these are a strong deltopectoral crest on the humerus, flat and nearly straight manual
unguals, and long forelimbs. These two genera are definitive ornithomimosaurs and are derived forms,
belonging to the Ornithomimidae. Previous studies show that Gallimimus bullatus and Anserimimus pla-
ninychus form a monophyly by sharing two characters (position of the biceps tubercle and alignment of
the glenoid of the scapulocoracoid). Deinocheirus mirificus is represented by only pectoral girdle and
forelimb elements (plus some fragmentary ribs and vertebrae). Preliminary phylogenetic analyses sug-
gested that Deinocheirus mirificus has ornithomimosaur-like characters (e.g., weak deltopectoral crest of
humerus and subequal metacarpals), but its phylogenetic position as a member of Ornithomimosauria re-
mains unresolved in this study. This study shows that the structures in forelimbs are important for orni-
thomimosaurs, especially for derived ornithomimosaurs, but additional materials ofdnserimimus plani-
nychus and Deinocheirus mirificus will help us to better understand the evolution of ornithomimosaurs.
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