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A NEW DINOSAUR, GALLIMIMUS BULLATUS N. GEN. , N. SP.
(ORNITHOMIMIDAE) FROM THE UPPER CRETACEOUS

OF MONGOLIA

(Plates XX IX-LIII)

Abstract. - A detailed anato mic descr iption of a new genus and species Gallimimus bullatus (Ornithom imidae) from the
Upper Nemegt Beds, Go bi Desert , Mongolia, is presented ; a peculiar, bulbous developm ent of the parasph enoid is de­
scribed. The dinosa urian assemblages of the Upper Nemegt Beds, Edmonton Format ion and Oldman Formation are
compared.

INTRODUCTION

Skeletal remains of ornithomimids are relatively abundant among the dinosaurs in the
Upper Cretaceous, Upper Nemegt Beds (GRADZINSKI et al., 1968/69) of the Nemegt Basin,
Gobi Desert , Mongolian People 's Republic. The bulk of this material is represented
by one species described here as Gallimimu s bul/atus n. gen., n. sp. However, some
skeletal fragments, e. g. claws, metatar sals, vertebrae, most probably belonging to other
representatives of the Ornithornirnid ae, were also found. The Polish-Mongolian Palaeonto­
logical Expeditions (KIELAN-JAwORowSKA & DOVCHI N, 1968/69 ; KIELAN-JAWOROWSKA& BARS­
BOLD, 1972) collected three nearly complete skeletons, two of them with skulls, as well as many
fragment s of skeletons of G. bullatus. Thi s material comes from localitie s within the Nemegt
Basin: Nemegt, Tsagan Khushu , Altan Ula IV and Naran Bulak. Furthermore, the Mon­
golian Palaeontol ogical Expedition in 1967 found in Bugeen Tsav (out side the Nemegt Basin,
about 60 km NNW of the outcrop in Altan Ula IV) a small skeleton with a skull, lacking the
forelimbs. All these skeletons are of different sizes, the skull of the smallest individual measuring
133 mm, while that of the largest is 320 mm. This material is the most complete and the best
preserved of all ornithomimids hitherto described, it allowed us to give a detailed description
of the skull and skeleton and to make certain observations concerning gro wth changes.

In two of the known skulls of Gallimimus bulla/us, a strange bulbous structure is present,
which is hollowed and formed by the parasphenoid. It open s broadly on the base of the skull ,
the opening presumably representing Rathke's pouch. No such structure has ever been noted
in any reptile , but it is also present in the yet unde scribed skull which is assigned to
Saurornithoides sp. from the Upper Nemegt Beds in Bugeen Tsav, Gobi Desert and housed
in the Geological Institute of the Mongolian Academy of Sciences in Ulan Bator.

Our present knowledge of the dinosaur assemblage in the Upper Nemegt Beds enables
us to compare it with the dinosaur assemblage known in North America from the Oldman
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and Edm ont on (members A and B) Format ions. The forms common (on the gener ic or family
level) to the Oldman Formation and the Upper Nemegt Beds are : Dyoplosaurus PARKS, 1924,
Pachycephalosauridae STERNBERG, 1945, Ornithomimidae MARSH, 1890, Troo dontidae sens u
RUSSELL, 1948, S tenonychosaurus STER NBERG, 1932 in North America, and Saurorn ithoides
OSBORN, 1924 in Mon golia) and Tyrannosau ridae OSBORN, 1907. The forms comm on to the
Edmonto n Formation and the Upper Nemegt Beds are: Saurolophus BRowN, 1912, Pachy­
cephalosauridae, Ornithomimid ae and Tyrannosaurid ae. According to the unpubl ished data
(personal communication from dr D. A. RUSSELL) the dinosaurian assemblage from the Old­
man Form ation may be of the early Upper Campanian age, and this from the Edmonton
Form ation (members A and B) of the lat e Upper Campanian and Lower Maastrichtian age.
Thu s, it is also possible that the Upper Nemegt Beds are not younger than the Lower Maas­
trichti an. Among the dinosaur s reported from the formations mentioned in North America
and not found so far in the Upper Nemegt Beds are : Cera tops idae MARSH, 1.888 and Hypsi­
lophodontidae DOLLo, 1882. On the other hand , in the Upper Nemegt Beds a representa tive
of the Atlantosaur idae MARSH, 1877 t Nemegt osaurus NOWINSKI, 1971 ) and Deinocheiridae
OSMOLSKA& RONIEWTCZ, 1970 (D einocheirus OSMOLSKA & RONIEWICZ, 1970) were found, which
have not been reported to date in the formations mentioned in No rth America.

The only representative of the Orn ithomimid ae s. s. known to date from Asia is Arcliae­
ornithomimus asiaticus (GILMORE, 1933) from Iren Dabasu, Inn er Mongolia. Its stratigraphic
position is lower than that of Gallitnimus bul/at us .

The family Orn ithomimidae was established by MARSH (1890), who assigned here one
genus - Ornithomimus MARSH, 1890 with thr ee species, which were based on the fragments
of postcra nial skeletons. In 1917, OSBORN added a new genus Struthiomimus , based on
a perfectly preserved skeleton with skull. Lat er, GILMORE ( 1920, 1933), PARKS (1926, 1928,
1933) and STERNBERG (1933) described a few new ornithomimid species from North America
and Asia, assigning them either to Ornithontimus or to Struthio mimus. Th eir materials were
not of uniform worth from a systematic point of view containing different postcranial
bones, and only exceptionally complete skeletons with skulls. For some time Struthio­
mim us was regard ed as a younger synonym of Orn ithom iinus (e. g. ROMER, 1956, 1966;
MALEYEV, 1964). Recently RUSSELL (1972) revised the species hitherto assigned to the two
genera mentioned above, excluding some species and establishing new genera for them: Dro­
miceiomimus RUSSELL, 1972 and A rchaeornithontimus RUSSELL, 1972, accepting, at the same
time, S truthiomimus and Ornithomimus as separa te genera. RUSSELL'S ( 1972) diagnosis of the
family Ornithomimidae is based on "the Late Cretaceous ornithomimids" (i. e. four genera
mentioned abo ve), thou gh he does not sta te clearly whether or not he considers them as the
only components of the family. According to us,. the Orni thomimidae should be limited to
five genera : Ornithom imus MARSH, S truthiomim us OSBORN, Dromiceiomimus RUSSELL, A rchae­
ornithotnimus RUSSELL and Gallim lmus n. gen. The range of this fam ily, proposed recently
by ROMER (1966), seems too broad , includin g besides Ornithomimid ae s. S.: Betasuchus HUENE,
1933 ; Ornithomimoides HUENE, 1933, Oviraptor OSBORN, 1924, Macrophalangia STERNBERG,
1932, Chirosteno tes GILMORE, 1924. However, the assignment to the two first genera to the
family Ornithomimid ae is highly question able, their being based on a damaged femur ( Be­
tasuchus) or several dorsals and a phal anx (Urnitlunnlmoides), thu s on systematically insufficient
mate rial. As far as the genus Oviraptor is concerned, the structure of its skull, strongly deviating
from the typical orn ithomimid pattern , excludes it from this family. Accord ing to RUSSELL
(1972, table I), the hind limbs of Macrophalangla are not, characteristic of the family
Ornithomimid ae.
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The previous descr iptions of the orn ithomirnid species are brief, illust rations few and
generally insufficient, which makes co mparison with the new species described here di fficult.
Moreover, the major ity of specimens hith erto described are fragmen tary, thus only certain
bones of individual s representing different species, not complete skeletons, coul d be compared.
Occasionally, adequate ornithomimid material are lacking, comparisons have been mad e
with other, non-ornithomimid theropods, which fact implies a functiona l rath er than phyletic
relationship.

The material of Gallitninius bullatus n. sp. described here is housed in the Geo logical
Institut e, Academy of Sciences of the Mongolian People's Republic, U lan Bator (G . 1.) and
in the Palaeozoological Institute, Polish Academy of Sciences, War saw (Z.Pa I.). Furthermore,
some material of this species is known to be store d in the Pa laeontological Museum , Academy
of Sciences of the USSR, Moscow, but was not referred to in this paper.

We are extremely grateful to Dr. DALE RUSSELL (National Museum of Canada, Ottawa),
who generously made avai lable to us his unpubli shed manu script on ornitho mimids. Or. Rus­
SELL also helped in the interpretati on of certa in crania l elements, crit ically read the manuscript
and gave his most valuable suggestio ns. We would like to express our sincere thanks to
Mrs. JOANNA SKARZYNSKA for her patient and skilful preparation of the skulls of Galliniintus
bullatus; thank s are also due to Mr. WOJCIECH SKARZYNSKI for his photographs and to
Mrs. KRYSTYNA BUDZYNSKA and Mrs. DANUTA SLAWIK for their drawings (all of the
Palaeozoological Institu te, Polish Academy of Sciences, Wa rsaw).

DESCRIPTIONS

O rd er SAURI SC HI A
Suborder THEROPODA

Infraorder C OE LU RO SAURI A

Fam ily OR NITHOMI MIDAE MARSH 1890, emend . R USSELL 1972

Genu s GALLlM IMUS novo

T yp« species : Gallimimus bullatus n. sp.
Deriva tion of the name: La t. Callu s =~ a chicken ; because of strikingly simi lar structure of anter ior portion

of neck to that in representatives of the Ga lliformes.

Diagnosis. - The genus is mon ot ypi c ; the generic characters are those of the type
species.

Stratigraphic and geographic range. - Kn own only fro m the Upper Cretaceo us, Upper
Nemegt Beds (Up per C arn panian or Lower Maastrichtian), Gobi Desert, Mongolia.

Discussion. - See p . 134 .

Ga llimimus bullatus n. sp.
(Pis. XX IX- LlII ; Text-figs. 1-18)

7~l'pe specimen: Nearlyco mplete specimen wit h sk ull (G.I.No.DI'S 100/ 11) ; PI. XX IX , Fig.3. Pis . X XX I-XXXV I,
Text-Figs. 2, 3A-C, 4-8, 11 , 12B-D, 13, 14, 16A, B. 17).

T,11Je hori zon: Upper Cretaceous. Upper Nerncgt Beds, zone of Tarb osau rus bataar ( M ALEYEV), Saur olophu s
ang ust irostris ROZIID ESTVENSK Y and Dyop losaurus g igllll/eus M ALEYEV.
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Type locality : Tsagan Kh ushu , Ncmcgt Basin, Gobi Desert, Mongolian People 's Republic.
Derivation of the name: Lat, bulla = the capsu le of gold worn on the neck by young boys of noble Roman

fam ilies ; because of the unusual capsule occurring . in the skull base.

Diagnosis. - Sp ecies of large size, with very long sno ut, b road and flattened dorso­
ven tra lly a t the tip. Infratemporal fossa sub triang ular, jugal bein g exclude d from its borders.
Com mo n exit for third a nd fourth nerves merges with the op tic fissure. Lower jaw sho vel-like
anteriorly, with elongated ex te rnal mandibular fen est ra. Len gth of presacral verte bral colum n
equal combined length of femur , tibia- ast ragalus a nd thi rd metatarsa l. P oster io r width of
a nteriorm os t fifteen cauda l centra grea ter than half o f ce ntra l len gth. Tran siti on po int I bet ween
caudals 15 and 16. Humerus longer th an scapu la . M anus eq ual about a quarter of total fore­
limb length. U ngua l of digit III sho rte r than th e penultimate ph alanx of digit I1 I. M etatarsu s
more than 70 % of crural length ; metata rsal 11 eq ua l 97 % of length o f metatarsal IV. Pedal
digit III equal a third of crural length.

Material. - Typ e specime n ; G.I.No.DPS 100/11 almost complet e ske leto n with skull
and mandible from th e Upper Nemegt Beds of T sagan Khushu: b rain case well preser ved ,
th e snou t somewhat di storted , lower jaw inc omplet e ; verte bra l column represented by: com­
paratively we ll preserved cervicals 1-4 and incomplet e cervical s 6, 7, ?8, 10, fragme nts o f
th e centra of dorsal s 11 , 12, ? 13, 17-23, centra o f five sacrals, nearly co mplete se ries of 38
caudal s (caudal 27 lacking, th e proxim al caudal s represented by the ce nt ra o n ly) ; fr agm ents
of th e cervical ri bs fu sed to verteb rae, so me fragme nts of th e do rsal rib s a nd haem al a rches;
pectoral girdle com plete with slight ly damaged scap ulae a nd coracoids ; fo rel imbs almost
complete, the r ight radius lacking th e proximal end; ca rp al bones mostly lac king and o nly
rad iale of th e right manus preserved ; un gual of th e firs t digi t a nd the seco nd phala nx of th e
second digit of th e left manus lack ing th eir d istal parts; pelvic gird le incomplete , pa rt of th e
iliac blades lacking as we ll as part o f th e sha ft of th e isch ium ; h ind limbs a lmost co mplete
but left femur damaged , proxim al a nd d istal ends of th e right femur lacking as well as the
metatarsal V a nd th e ungual o f th e th ird digit of th e righ t pe s; in left pes phalanx I1 of th e
seco nd digit , phalanx III a nd un gual o f th e th ird di gi t, ungu al o f th e fourth d igit a re not
preserved .

Z .PaI.No.Mg.D-l jl - fragmentary skeleto n with sk ull a nd mandible fro m th e U pper
Nemegt Beds in T sagan Khushu ; skull crushed , bra in case comparatively well preser ved ,
basis cran ii somewhat crushed , sno u t lacking th e very tip ; ve rteb ra l co lum n includes : so me­
what damaged cervical s 2- 10, severa l centra of unidentified dorsal s, sacra ls 2-5 a nd complete
ser ies of 36 caudals ; so me fragm entary cervical ribs fu sed with verteb rae ; dorsal ribs frag­
mentary a nd mostl y not preserved , seve ra l haemal a rches in th e proximal a nd medi al pa rt of
the tail preserved ; pectoral girdle a nd forelimbs fragme nta ry; pelvic gird le nea rly co m plete
lacking antil ium and with slight ly damaged pubis ; left hind limb very incomp lete ; r ight h ind
limb complete, with a so mew hat damaged femur, fibula lac king th e d ista l en d , meta tarsal
V lack ing, metatarsal III damaged d istall y ; in pes un gu al of the second d igit , t he whole th ird
digit , phalanx 1 and ungual of the fo urth di gi t not preserved .

Z .PaI.No.M g.D-l j7 - ce ntra o f sacra ls 2-5, fra gmenta ry pe lvic gird le from the Upper
Nem egt Beds of Nemegt.

Z.Pal.No.Mg.D-l j8 --:- ce ntra of three do rsa ls, frag me ntary six p roximal ca uda ls, left
humerus lack ing th e d istal end , incomplet e hind limb fro m th e Upper Nemegt Bed s of Nemegt.

1 See foot -note 2 on p. 122.
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Fig. 2 Gallimimus bullatus n. SI'.
Restora tion of the skull based on type specimen (G. I.No.DPS 100/11 ):A - palatal view. B - dorsal view. Abbre­
viato ns : a - angul ar, ar - ar ticular, ob - basioccipital , bpt - basipterygoid proce ss, bs - basisphe noid , bt - basal
tuber, c - corono id. eo - occipital condyle, d - dent ary, e - epi pterygoid , ?e - supposed site of the epipterygoid,
ec - ectopterygid, eo - cxoccipita l. f - frontal, fo - fenestra ovalis, fr - tenestra rotunda, [m s-« foramcn mag­
num, ic - internal carotid , ill - internal nares, j - jugal, 1- lacrimal, Is - Iaterosphenoid, 111 - maxilla, 11 - nasal,
op - opi sthotic, p - pari etal , pa - palat al arte ry, paf- palatin e fenestra , pf- prefrontal, pitf- pituitary fossa,
pl - palati ne, pnt s-« premaxilla, po - postorbital , pps - parasphenoid process, pr - prootic, pt - pte rygoid, ptf ­
pterygoid fenestra, ps - para sphenoid, q - quadrate, qj - puadra tojugal, Rp - Rathke's pouch , .Ia - sura ngular,
si - sinus, S(( - foramen leading to th e sinus system, M IC - supraoccipital, sp - splenia l, spf - subsidiary palatine

fenestra, sq - squamosal, v - vomer , I-XII - exits of cranial nerv es.
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F ig. 3
Gallim imus bullatus n. sp.

A - Resto ration o r tile xkull a nd ma nd ib le, lat er al view : B - sect ion ac ross di stal part o r sno ut a nd mand ible: C - occi p ita l view or th e sku ll, ba sed o n typ e
spec ime n (Ci. I. i\:l). D PS IOOfl ) : D - ma nd ib le in : lat e ra l (1) a nd med ia l (.?) views (Z .PaI.N o .Mg .D-I/ I) ; a bb rev ia tio ns as in Fig. 2.
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Z.Pa LNo .Mg,D- I/lO - two fragmenta ry sacrals, fifteen proximal caudals, fragments
of the left and righ t pes from the U pper Nemegt Beds of Tsagan Khushu.

Z.PaLNo. Mg.D-I/l 1 - 5 frag mentary dorsals fro m the U pper Nemegt Beds of Nemegt.
Z .PaLNo.Mg.D-I /l 5 - frag ment of right tibi a, two fragments of vertebrae from the

Upper Nemegt Beds of Nemegt.
Z.PaLNo.M g.D-l j24 - a lmost co mplete left metat ar sus and pes, only distal end of

phalan x I of the second digit and phalanx IV of the fourth digit lacking ; from the U pper
Nemegt Beds of Tsagan Khu shu .

Z.PaLNo.M g.D-I /32 - frag menta ry: pectoral girdle, forelimbs, hind limbs, fragments
of va rious skeleta l pa rts from the Upper Nernegt Beds of Alt an U la IV.

Z.PaLN o.M g.D-l j33 - fragm ent s of left hind limb , 10 caudals, other skeleta l frag­
ment s from the U pper Nemegt Beds of Tsagan Khushu .

Z.PaI.N o.Mg.D -l j39 - four vertebrae from the cervico-dorsal region (9, 10, 12, 13)
and distal part of the tail co nsisting of 17 cauda ls, from the Upper Nemegt Beds of Nemegt.

Z.PaI.No.M g,D-I /74 - fragm entary right femur from the U pper Nemegt Beds of Altan
Ula IV .

Z.PaI.No.M g.D-I /77 - fragment ar y pectoral girdle fro m the U pper Nemegt Beds of
Ncrnegt.

Z .Pa LNo .Mg.D-I/78 - damaged right tib ia , one caudal and fragm ent s of iliac blad e
fro m the U pper Nemegt Beds of Na ran Bulak.

Z.Pa I.No .Mg.D-l j94 - nearl y complete skeleto n, lackin g : the skull, atlas, distal portion
of the tai l, pectoral girdle as well as fore limbs, of which only right ulno-radius with the proximal
hal f of the metacar pus preserved : in left hind limb metat ar sus dam aged ; from the U pper
Nemegt Beds of Nernegt.

G.I. No.DPS 100/10 - almost complete skeleto n with skull, lack ing the pectoral girdl e
and forelimbs, as well as some vertebrae and ribs, from the Upper Nemegt Beds of Bugeen Tsav.

Addi tiona lly, num erous single bone s: fragment s of the limb bones, ver tebrae, ph alanges,
unguals, metaca rpals, and metat arsals hou sed und er the numbers Z.PaLN os.Mg.D-l j: 14, 17,
18, 20. 51, 55, 58, 73, 75 from the Upper Nemegt Beds of different localities within the Ne­
megt Basin.

Dimension s - see Tables 1- 5.

Description. - Skull. Th e present description is based on three skulls of Gallimintus
bullatus n. sp. (Z.PaLNo .Mg.D- I/I , G .l.Nos.DPS 100/10, 100/11), which represent different
growth stages (PIs. XX IX, XXX, PI. XXXI , Fig. 1, PI. XXXII, Fig. I, PIs. XXXIII , XXXIV).
All a re well preser ved , with most of the sutures recognizable. Th e skulls of the ornithomimids
thu s far described have yielded inform ati on co ncerni ng the external cra nial bone s, the brain
case being but littl e known. Th e la rgest of the skulls of G. bullatus, that of the type specimen
(G .I.No.DPS 100/11, PL XX IX, Fig. 3, PI. XXX I, Fig. I, PL XXX II, Fig. I, Pis. XXXIII ,
XXX IV, Text-fi gs. 2, 3 A-C. 4- 8) has this latter region particularl y well preserved, thus
a llowing us to obta in new data. For the sake of brevity, the external and palat al elements,
which in G, bullatus display little new as co mpared with other orni tho mimids, a re described
here only when they deviate fro m the usual pa ttern. More space is devoted to a det ailed de­
scription of the bra in case and the base of the skull.

Becau se of the extensive length of the snout, the skull of G. bulla Ius is extremely long.
Its temporal region is deep, the basicran ial plane lies at an angle of abo ut 30° to the
pal atal plane.
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External cranial elements. In the posterior part of the skull roof, along the fronto-parietal
suture, a pair of deep scars is developed. Further posteriorly, across the parietals, another,
shallower scar is visible, which is V-shaped, with its apex directed posteriorly (Text-fig. 2B).
Among the external cranial elements the squamosals, parietals, supraoccipital and their mutual
relations on the posterior face of the skull are of .some interest. In the posterior region of
parietals (Text-fig. 3C), their lateral flanges are abruptly bent down and directed vertically,
the outer surface of these latter forming the medial walls of the supratemporal fossae, over­
laping with their inner surfaces the dorsal extension of the supraoccipital on both sides.
There is a deep slit at the point where the two bones make contact. Postero-lateral extremities
of the parietal flanges direct somewhat horizontally outwards, loo sely covering the junction
between the squamosals and the lateral extensions of the supraoccipital. Simultaneously the
suture between the supraoccipital and the medial portions of the parietals is not firm (p. 140).

Brain case. The basioccipital and exoccipital participate to an equal degree in forming the
occipital condyle (Text-fig. 3C, 4). The condylar neck is not developed. Basioccipital tubera
are stout and sepa rated by a deep furrow, which continues up to the occipital condyle. Between
the condyle and the tubera, ba sioccipital forms a prominent platform, a long the lateral edge
of which runs the suture basioccipital-exoccipital. The bone is pierced by the sinuses which
open on the posterior face of thi s platform .

~[

Fig. 4
Gallimimus bullatus n. sp,

Occipital region in postero-ventral view (G .I.No. DPS 100/11 ) ; abbreviations as in Fig. 2.

The exoccipital (Text-fig. 3C) is large and divided transversely into two parts by the
crest forming the lower edge of the paroccipital process. Its ventral portion extends down
to the basioccipital tuber, flanking the above mentioned platform of the basioccipital. Th e
dorsal portions of the exoccipitals form the sides and bottom of the medular cavity, into which
leads the subtriangular foramen magnum. Laterally, the exoccipital occupies about half of the
paroccipital process, but its suture with the opisthotic is ob scure. The lateral margin of the
exoccipital form s a crest, which continues from the basioccipital tuber to the paroccipital
process meeting the transverse crest above mentioned.

The basisphenoid (Text-figs. 5-7) is here an exten sive and very complicated bone, the
boundaries of which are not always clear. Viewed ventrally it invades backwards the anterior
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and ventr al surface of the ba sal tubcra , while forward s it gives two separate alae sur­
ro unding a very la rge opening in the base of the skull, most probably homologous to Rathke's
pouch (PI, XXX IJ, Fi g, I, PI, XXXII , Fig. I C, Text-fig. 2A). T he opening is closed anteriorly
by a st ro ng t ran sverse bar of th e basisphenoid , which is prolonged laterally into relatively
sho rt basipterygoid processes. T he opening above mentioned is narrow, slit- like po steriorly,

ps

A

2 c m
:--~-------1

B

Fig . 5
Gallimimus bullatus n. sp,

Restor ati on ' or the basicran ial region : A - la te ra l view. B - a nte ro la te ra l view , base d on typ e specime n (G .I. No .
DPS 100/11 ) ; a bbreviations as in F ig. 2.

but stro ngly broadened, subq uad ra ngular an teriorly . It lead s to a cavity inside an unusual ,
bu lbous structure, situa ted a bove to th e pterygoids (P I. XXX, Fig. 2, PI. XXXIII ,
Fig. I a, PI. XXX IV, Fig. I b, Text-fig. 7). In dor sal as pect, th e ba sisph enoid seems to extend
fa r backwards, a lmost to a n o ptic fissure (Tex t-fig. GB). Its posteri or portion is somew hat
fo lded in the centre, formin g the bottom a nd overhung ftankes of the pituitary fossa.

Pituitary fossa is shallow a nd co nta ins in its a nte rior half a pair of entrances for th e
ca rot ids ; med ially a sma ll pit is marked : poste riorly, o n th e periphery of the pituitary fos sa,
under the overhung fold s of the bas isphe no id which bound it laterally, there is a pair of slits
(Text-fig. GB) wh ich lead to a n an astom osing syste m of sinuses, penetrating the ba sisphenoid
a nd opening a lso o n the o ute r surfa ce of its lat eral wings. Laterally, the ba sisphenoid slopes
steeply in a po stero-ventra l d irectio n, co ntac ting th e pr ootic po steriorly; more ventra lly,
its thinnin g tongue is wedged between th e o pistho tic an d ba sioccipital (Text-fig. 5). Anterior
to th e pituitar y fo ssa, the basisph enoid is so mew ha t rai sed bridging above th e slit-like portion
of Rathke 's pouch (Text-fig. 5B ). In front of thi s ba sisphenoidal bridge there is a canal piercing
the basis crani i vertically (Tex t-fig. 7 A) .

The "bulbous structure" is fo rmed from th e thin-walled parasphenoid (PI. XXIX, Fig. 3,
PI. XXX, Fig. 2, PI. XXXIV, Fig. I b, Tex t-fig. 7). It is somewhat pear-shaped , gently rising
fo rward an d prolonged a nte riorly into th e delicate cultriform process. Postero-ventrally it
ab uts aga inst th e t ran sver se basisphen oidal bar, and as a result , th e basisphenoid is here co vered
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by a thin sheet of the parasphenoid the suture between the se two bones being invisible. Laterally,
the structure is connected by a pair of thin bridges to the medial edges of the descending
laminae of the basisphenoid (Text-fig. 7A). Along the lower surface of the "bulbous structure"
a sha llow furrow is pre sent which faces the medial edges of the pterygoids.

Fig. 6
Gallimimus bullatus n. sp.

A - restorati on of the brain case in anterior view, B - pituitary fossa and its periphery, with the pterygoids removed,
based on type specimen (G.I. No .DPS 100/(1) ; abbreviations as in Fig. 2.

The prootic (Text-fig. 5, 6A) is suturally connected with the parietal, supraoccipital,
opi sthotic, basi sphenoid and laterosphenoid. It is expanded antero-medially, po steriorly being
developed in the form of a strong bar of bone - the paroccipital exten sion of the prootic.
Its internal surface. exposed in one skull, is concave, the upper and lower edge contacting
the lateral exten sion of the supraoccipital, both bones bounding a deep cavity for the
dura mater invagination (p. 115). Externally, the distal end of the prootic form s a "foot" which
abuts against the opi sthotic. In its upper portion prootic bears a large depression placed just
above the "foot" mentioned. This depression is posteriorly in contact with the cavity developed
between the supraoccipital and squamosal. The antero-medial extension of the prootic contacts
the ba sisphenoid below , above bounding an exten sive sinus. There is no suture visible between
the prootic and basisphenoid a long the central portion of the latter, while it is very distinctly
mark ed below and above it.

The laterosphenoid is very loo sely bound to the cranial roof (p. 140). Medially, under
the optic fissure its margin is developed into antero-ventral tongue which overh angs the postero­
dorsal edge of the basis phenoid (Text-fig. 6). The upper wing of the laterosphenoid is mounted
by a strong ridge , directed obliquely downwards, from the postorbital towards the exits
of the trigemminal nerve. Th e groove running along thi s ridge and po sterior to it , most
8 - P a laeo n tologia P olonica N o. 27
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Fig . 7
Gallimimus bullatu s n. sp.

Restoration of the " bulbous struc ture": A - lateral view, B - anterio r view, C - poste rior view, D - dorsal view,
E - ventral view, based on type specimen (G. I.No.DPS 100/11) ; abbreviations as in Fig . 2; ar row shows communication

between Rathk e' s pouch and dorsal surface of the basicranial region.
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probably received the dorsal extremity of the epipterygoid, the ventral extremity of the latter
resting on the pterygoid .

The epip terygoid is not pre served in a ny skull of G. bullatus recovered.
The intracranial cavity was not exp osed in a ny skull of G. bullatus, except posteriorly,

where a pair of comparati vely exte nsive invagin ations of the dura mater is developed (p . 113),
each of which being bordered medially by th e supraoccipita l and lat erally by the prootic,
the opisthotic closing at th e bottom. The axis of thi s invagination is more or less parallel to
that of the paroccipital pr ocess. Imprints of the olfac to ry bulbs a re visible on the internal
surface of the frontals close to their point of contact with the nasal s. They are judged to ha ve
been comparatively large and elongate, and sepa ra ted, anteriorly at least , by th e interorbital
septum, the bony remnant of which is pre served in thi s region in two skulls.

The exits for th e crania l nerves could be investigated superficia lly onl y in th e type specimen
(Text-figs. 4B) . The optic fissure, including the infundibulum exit as well , is very extensive
and seem s to be bounded exclu sively by th e laterosphenoids. It merge s dorso-Iaterally on
either side with th e common exit for the thi rd a nd fourth ner ves, which also lays within the
Jaterosphenoid. Th e exits for three branches of th e fi fth ner ve a re placed in the prootic and
the prootic-Iaterosphenoid suture. T wo of th e bra nches, presumably o phta lmic a nd maxillary

" r: . I'?;\\ ..)

~
pt

--------------

Fig. 8
Gallimimus bullatus n. sp.

Restorati on of the pte rygoid region in dor sa l view. based on type specimen (G .I.No.DPS 100/11 ); abbrev iations as
in Fig . 2.

a re close to each other , even merging together on th e right side of th e brain case. The third ,
smallest ope ning is suggested to be for th e ramus man dibulari s, becau se externally it gives
rise to a sha llow groove lead ing ventra lly. No sepa ra te opening for th e sixth nerve has been
found. The seventh ner ve exit is situated und er the otosphenoidal crest, which bounds a broad
groove dorsally. Within th is groove, pos ter ior to the ner ve VII exit and somewhat a bo ve it ,
is locat ed the foramen ova le, a nd still further back , the fenest ra rotunda . Th e co mmon exit
for the ninth , tenth and eleventh nerves is large a nd pierces the exoccipita l on the posterior
face of the occipita l region. It is locat ed close to the occi pita l co ndyle an d just under the strong
tran sverse ridge, which fo rms the ventro-medial boundary of th e paroccipital process. Somewhat
lower and still more medially is locat ed th e smaller exit for th e twelfth ner ve. In addition to
8'
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the nerve exit s on the occipital region , and below them are located other o penings.
They represent the foramina of the sinuses, which pen etrate the ba sioccipital , and are placed
clo se to th e medial suture betw een the exoccipital and ba sioccipital.

Palatal elements (Text-fig. 2A). Within the palatal region th e very large pterygoids,
ectopterygoids and palatines are easily recognizable, while the vomer is only fragmentary.
The internal nares are very large and shifted far backwards due to the st rong development
of the ventral extensions of the premaxillae and maxillae. Thus, an extensive seco nda ry palate
is developed , which seems to be the usual pattern in the Ornithomimidae .

The pterygoid is a triradiate bon e (Te xt-fig. 8) which posteriorl y exhibits two wing s :
a lateral wing or quadrate ramus; a medial wing o r basisphenoid ramus, separa ted from each
other by a deep notch (Te xt-fig . 8). Th e pterygoid exhibits a very long antero-medial
extension , which underlies, when viewed dorsally, the frontal portion of the " bulbous struc­
ture" and nearly meets its counterpart medially. The mo st anterior portion of the pterygoid
is unknown . Posterior to the "bulbous st ructure", the pterygoid cxhibite a large, elongate
fene stra which is situa ted nea r the medial margin of th e bone. The quadrate ramus is mo stly
thin , except vent rally, where it form s a buttress o n th e contact with the qu adrate, close to the
articular surface for the lower jaw. It rises alm ost vertically backwards, its lateral margin
closely abuting the quadrate. The medial ramus of the pterygoid is horizontal , covering the
basisphenoid, in a most unu sual fashion, along the lateral border of th e pituitary fossa. It
reaches backwards almos t as far as the posteri or boundary of th e latter st ructure.

The ectopterygoid (Text-fig. 8) is large : on the sutu re between th e ectopterygoid and
pterygoid a small vacuity is developed .

The palatine is a comparatively small bon e (Text-fig. 2A) which exhibits a subsidiary
fenestra along the suture with the pterygoid. Ma y be another fenestra wa s present here as
well , placed laterally to the latter, its boundary bein g. howe ver , not quite clearly delimited .
The maxillary portion of the palatine is narrow and projects forward s, but its contact
with the maxilla seems to be rather loo se (p. J40) . On its dor sal surface, opposite the antorbital
bar, the palatine is mounted by a vertical lamina of bone, which is concave o n its su rface facing
the orbit. Its relation to the lacrimal is uncl ear.

The vomer is badly crushed and only partially visibl e in th e form of a thin and compara­
tively high vertical bony lamina. It s relati on to the pterygoids and palatines is unknown.

Ta bk I

Skull and jaw dimension s of Gallimimus bullatus n. sp.
(measurem ents in mm)
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Greatest width of skull
Greatest height o r skull
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Orbit length

Antorbital length or sku ll
Postorbital length o r sk ull

I Lower jaw lengt h
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Mandible. The lower jaw is a delicate structure and con sists of very thin bones. It is
slender and sha llow anter iorly but very deep postc rio rly. Di stally the mandible of C. bullatus
is shove l-like. so that when both jaws were shut, there was a ga p between them at the
tip (Text-fig. 3A. B, D). The retroa rticular process in the mandible of C. bullatus is str ongly
developed. More than half of the lower jaw consists of the dent ary a nd splenial. the latter being
very exten sive, reaching anteriorly to the very symphysis (Text-fig. 3D2) . Th e surangular,
cor on oid and prearticular are developed in the usual theropod manner . The angular. as
in other the ropo ds, is developed mainl y on the outer side of the mandible, but here it reaches
far back wards fo rming a large part of the retroa rticular process. Th e articular on the outer
side of the lower jaw is covered far backwards by the surangular and angular. The external
mandibular fene stra is comparatively small a nd elongate .

Vertebral column. The vert ebral column in C. bullatus con sists of 64-66 vertebrae,
mcluding 23 pre sacrals, 5 sacra ls and 36-38 caudals. Vert ebral centra are generally of the
plat ycoelu s type , except the prox imal caudals 1-6, where the posterior articular facets are
flat, and at the very end of the tail. where the vertebrae a re amphiplatyan. The neural arches
are separated from the centra by a suture, except in the cervica ls, where the suture is weakly
visible, and in the caudals where it is ab sent behind the transition poin t. Pleurocoel s are
pre sent in most of the presacr al centra.

Cervical vertebrae. Th e neck con sists of 10 vertebrae, all of which, except for the atlas,
are long and wide. Two sections of the neck are distinctly different in structure. The proximal
cervica ls (ax is, 3. 4). in ventra l view, exhibit subtriangular centra, which taper posteriorly,
the neural arches are low, the zygapophyses short and broad. In the po sterior cervicals (5- 10)
the neu ral arches gradually become higher, thc zygapophyses a re lon g and thin , while the
centra more spool-like.

The atlas (P I. LII , Fig. I) . known only in onc specimen (G .I.No.D PS 100/11) is repre­
sented by an intercentrum and two halves of thc neu ral arch . Th e intercent rum is 17 mm
high and 28 mm wide . Its dor sal surface is incised fo r receiving the odonto id process of the
axis. Th e facet for cont act with the neural arch is wea kly prono unced and directed po stero­
-laterally. Th e facet for contact with the occipita l condyle is slightly concave and faces antero-
-vcntrally. The two halves of the neural arch a re ineq ua lly developed, the right on e being the
str onger. The pedicel is short with indi stinctly separa ted articular facets for the int ercentrum and
the occipital condyle, that for the intercentrum being the smaller. The po stzygapophyseal
process is stout, extending backwards and bearing a large, semioval zygapophysal facet.

The axis (pI. XXXII , Fig . 2, PI. XXXVIII , Fig. I, PI. LII , Fig. 2) exposes a long, slender
platycoelic centrum and broad , low neural a rch. Th e odo ntoid process is comparatively large
and rounded. The axial int ercentrum is rectangular, fused to the centrum. The neural arch
widens sha rply backwards. Th e prezygapophyses a re small and placed near the neural canal
which is very wide here. Th eir a rtic ula r facets are very fa intly marked , sma ll, facin g laterally and
slightly up wards. Postzygapophyses are very prom inent, directed po stero-Iaterally an d not
extending beyond the posterio r articular sur face of the centrum. Th eir articular facets
are larger and face ventro-posteriorly. Th e upper surfaces of th e postzygapophyses are sur­
mounted by comparati vely low epipo physes. Th ey do not project backwards beyond the
margins of the po stzygap ophyseal process. The diap ophyses and parap ophyses are hardly
discernible, while a slender rib was present and fo und in contact with the axis on one
specimen (Z.PaI.No.Mg.D -Ij2).

The postaxial cervicals (pI. XXXVII I, PI. XXX IX, Fig. 1, PI. LII , F igs. 3- 5) with centra
lon ger tha n high , increase in length to th e cerv ical 8, an d then distinctly decrease.
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The ventra l surfaces of th e centra a re flat. The a nterio r ends of the centra a re flatte ned dorso­
ventra lly, while th e posterio r ends are lat erally flatte ned . Centra are genera lly platycoelic
with th e poster io r surfaces more co ncave th a n the a nterior ones. The ce nt ra of cerv ica ls 3- 5
are angled , th eir a nterior a nd posterior surfaces being oblique. Th e pleurocoels a re small,
ova l and situated abo ve and somewhat poster iorl y to the pa rapophyses. The latter a re low
and sit ua ted on the ventro- la tera l ma rgins of the cen tra . T heir articular facets are subtria ngular
in shape a nd join th e anter ior articular sur face of th e centr um. Neural spines and epipo physes
are weakly developed. In ventra l aspect th e neural arches show exca vati on s (hapidocoels of
O STROM, 1969).

The neural spines form lon g, low and sha rp ridge s, except on th e last cer vical s,
where th ey are short, somewhat wide ned a nd elevated du e to th e high va ult ing of the
top part of th e neural arches. Scars of th e interspino us ligam ent s of the last cervicals are ex­
tremely enlarged and deep, that in front of th e neural spine in the form of a deep , rounded
depression , while that behind the spine in th e form of a deep , long groove flanked by the verti­
cal po sterior prolongation s of the postzygapophyses. Th e zyga pophyses of the postaxi al cer vical s
a re strongly developed, wide in the proximal port ion of the neck , in th e distal portion beginning
with th e cer vical 5, becoming elonga te . Th e prezyga pop hyses in a ll postaxial cer vicals extend
in fro nt of th e centrum , th eir ar ticula r surfaces being slightly co nvex . Th e ventro-Iateral edges
of th e prezygap ophyses prolon g ventra lly a nd backwa rds into th e diapophyses. The latter
are flat a nd broad , in cervica l 3 a nd 4 directed downwards, in the distal port ion of th e neck
gradually point ing more lat erally. The postzygapophyses in th e proximal cer vicals do not
exte nd beyond th e posterio r surfaces of th e centra , while in the distal cervica ls th ey a re very
lon g, reach ing fa r on to th e succeed ing verte bra . T heir articu lar surfaces are con cave. The
epipo physes are faintly developed as insigni fica nt elevatio ns on a ll cer vicals.

Dorsa/ vertebrae (PI. XXXI X, F igs. I, 2, PI. X L, PI. LI I, Fig. 5, PI. LI 11 , Fig. 4). The
dorsal portion of th e vertebra l column incl udes 13 verte bra l segments . Here, th e centra are
platycoelic, except the last one, which is slightly a mphipl a tya n. The centra are spool-like, com­
parati vely short, tending to becom e lon ger and deepe r poster iorl y. Tran sverse processes increase
slightly in length (tr.) posteriorl y and direct so mew ha t up wards, except for th e proximal dorsals.
They are o riented backwards up to the dorsal 8, then somewhat forwards. The pleurocoels are
extensive but shallow, th ou gh still deep in the first two dorsals. The parapophyses are slightly
developed . The first two dorsal s bear a tr an siti onal character betwe en th e cer vical a nd dorsal
series . Cervical character s include: small deep pleurocoel s located in the anterior part of the
centrum ; parapophyses situated on the centrum , although that of th e second dorsal is in
a slightly more elevated position ; low neural a rches with small, tuber-like neural spines ; large
and deep sca rs for th e inter spinou s ligam ents ; lon g postzygapophyses on th e first dorsal ,
and a ltho ugh th ose of the second are shorter th ey still exceed th ose of more posterior dorsal s
in lenght ; sma ll epipo physes ; lon g laterally situa ted prezygapophyses ; broad diapophyses; and
th e presenc e of th ree hapidocoels on the ventral sur face of the diapophyses. Though
expos ing so many cervical features, th ese two dorsals differ from the cervicals in ha ving
sho rte r centra which bear a sha rp, low keel (ven tra lly) a nd in having rounded parapophyses.
Diapophyses are horizontally oriente d in the first dorsal; beginning with th e second dorsal
th ey a ngle up wards. The successive dorsals a re very alike, with low pa rapophyses, somewhat
lat erally flattened centra , narrow diapophyses st renghtened ventra lly by. a lamina of bone.
Th eir neural spines a re prominent, in dorsals 3-5 being subtria ngular and lower than in th e
posteri or dorsals where they are subrectangula r. Scars of inte rspino us ligaments form narrow
groov es. Zygapophyses a re short a nd located close to th e sagitt a l axis. Pleurocoels are exte nsive
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but shallow. The last dorsal is distinctly different from the preceding ones, having a marked
transiti onal character to the sacral vertebrae. In its general structure it resembles other dorsals
bu t is devoid of the a rticular facet for the capitulum, while that for the tuberculum, placed
at the extremity of the diapophysis, adheres to the inner surface of the ilium . The posterior
end of the diapophysis is shifted forward s being situated about one third the distance from
the end of the centrum . This means th at the dorsal 13 was devoid of any rib. The whole struc­
ture of the diapophysis of the last do rsal differs from that of other dorsals. It s posterior margin
is hom ologous with a lamina of bone which ventrally strengthens the diapophysis of the
other dorsals. Th e diapophysis and the neural spine are connected here by a vertical lamina
which , in turn, is homologous with the true po sterior margin of the diapophysis. The post­
zygapophyses of the last dorsal a re und eveloped and its neural arch and th at of the first sacral
contact each other with their opposite edges ab ove the neural canal.

.~ C tn
f------~ ...--- ,

A

Fig. 9
Gallimimus bullatus n. sp.

A - latera l view of the sacrum (S ,-S5) with dor sal vertebra 13 (D' 3) attac hed, ischiac (i sp) and pubic (pp) peduncles
of the ilium visible, B - fifth sacr a l vertebra in posterior view, C - first sacral vertebra in anter ior view (Z.PaI.No.

Mg.D-l /94).

Sacral vertebrae (pI. XLV, Fig. 2 b, Text-fig. 9). Sacrum is composed of 5 fused vertebrae
of about equal length. Their centra are strong, spool-like, flattened ventrally, with comparatively
deep, elongate pleurocoels (those of sacrals 2 and 3 the deepest). The fifth sacral lacks a
pleurocel. Sites of fusion of sacrals 1-2. 2- 3, 3- 4 are marked ventrally by a medial
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Tab le 2

Measurements (in mm) of the vertebra l co lumn of Ga1li1l1i1l111S bullatus n. sp.

I Height of centrum
(anterior)

Greatest height overall

- .~~--------

o. Z.PaI.No. G.I. No. Z.PaI.No. G.I.No.
Mg.D-I/ DPS Mg.D-I/ DPS

I I 94 I 1
100/ 11 I 94 I I 100/11

i- 12 - [3-
- - -

9 10 11 14

I I I
I

11 - 26 20 22e 47e
I 16 23

i
- I - - -
8

I
- - 16 27 -

I 11 - - 20 - -
i12 15 - 26 35 -

15 18 31e 30 - 45e
- 21 - 28 44 -

[5 21 - 31 - -
18 20 - 36 47 -
19 - - 40 - -

21 - - 44 - -

- - - - - -

- - -- - - -
- - - - - -
- - - - - -
- - 70e - - -
- - 70e 57 - -
- - 70e - - -

26 - 7ge 66 - -
I 2l - - - - -

28 - -- 74 - -
- - 91e - - -
.- - 67e 81 - -

- - - 81 - -
- - - 85 - - I
- , - - 90 - -
- - - 81 - -

- 45 88 78 III -
- 39 87 65 106 -
27 - 87 64 100 -
25 - - - 88 -
23 31 70 56 - -
- 30 66 53 78 -

20 30 - 5[ - -

18 28 - - - -
17 26 60 41 - -
16 26 56 41 - -
16 24 49 35 - -
15 24 49 32 - -

14 22 50 32 44e -

13 20 51 29 38e -
12 19 46 25 37e -

- 18 44 24 34 -

54e

51e

34e

36e
35e

82
80
70
61
62
59

73e
60e

55
54
50
52
51
51
49
51
55

18
20e
22
24
28

Width of centrum
(anterior)

12
15
16
16
17
16
20
23
22
22
18

Z.PaI.No. G.I.N
Mg.D-I/ DPS---;-1--1- , 100/1

,- 6 - - 7- 1--8

18 I 26­

15

17[

G.I.No.
DPS

100/ 11

5

82 17
94

103 19
105 21

21
55 23
98 25

95 95 27
57 95 92 38
50 85 35
55 t 15 35
58 118 118 25
47 103 28 39
45 100 27 35
42 95 25
39 87 22 ,

39 85 21 28
39 85 19 28
38 83 19 25
38 87 17 24
39 82 17 24
38 77 16 22
38 77 14 21
37 80 15 21
38 82 15 22
38 84 15 23
38 84 16 24
38 89 17 24

64
66
70
66
60

Length of centrum

- I- -

I
No. l"~----

Z.PaI.No.Mg.D-I/
I1- - - - - - -
I 94 ) I 1 7

'- - 1- 1- 2- 1- 3- 1- 4- ' \

Axis I 24 30e -- --11 72

C. 35 48
c. 41 1 1[5e
C. 45
C. 47
C7 44
C. 48
C. 46
C IO 42
D I 33
D. 29
D. 27
D. 29
D. 29
D. 30
D 7 32
D. 34
D. 35
n., 35
D l1 36
D 12 38
D II 41
S, 40
S. 40
S. 39
S. 41
S. 44
Ca, 36
cs, 33
Ca. 33
Ca. 31
Ca. 31
Ca. 29
Ca7 30
cs, 28
Ca. 28
Calo 29
Call 28
Cau 28
cs., 28
cs., 28
cs., 28
Cau 28
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- --- -~~ - - -- - --_. _._ -.--_ ._ ------ _.
~ ~ - - -- - -----

2 3 4 5 (, I 7 s 9 I 10 I 11 I 12 I 13 I 14
- -- - - - -- ---~. _--~ --- ~--------~- ~_._ .- ------ --- - - - - -

I
I I

Ca " 29 40 89 17 24 52 11 1 44 22 33
I

Ca" 29 40 87 16 I 22 47 16 42 20
Ca.. 29 39 85 15 22 11 37 28
Caao 28 39 83 14 21 44 32 27

Ca" 26 38 80 13 19 26 16

Ca" 26 37 73 13 20 14 15 23
Ca.. 25 36 65 12 18 37 9 26 14 21
Ca,. 24 32 I 59 12 18 33 8 13 24 13 20
Ca,. 22 30 52 11 17 31 8 22 11 17
Ca,. 28 16 28 19

Ca' 7 26 14
Ca,. 23 40 14 26 17
Ca,. 21 35 12 23 16
Ca•• 19 30 11 20 14 13

Ca. , 17 26 11 18 13 12
Ca•• 16 22 10 16 11 , 12
Casa 14 20 <) 13 10 10
Ca.. 13 17 8 I1 10 <)

Ca•• 11 15 6 11 9 9
Ca•• 9 13 5 7 g 5
Ca.7 10 6 7
Ca•• 7 6 5

- --- - -------- -- - -------- - - ----- - - ---~- ---

depression , thi s being the deepe st between sacrals 2 and 3. T he bases of th e neu ral a rches of
sacrals 2 and 3 are broader transversely th an the correspond ing cent ra , thus th ey overha ng
them somewhat when viewed ventrally. Th e neu ral spines of the sacra ls a re rectan gular, broad
(sag.), and mu ch high er than in the precedin g dorsals, sta nding slightly out abo ve the upper
margin of the iliac blad e, o r are at least, equa l in height to the latter. T hey are sepa ra ted fro m
each other. Diapophyses are directed obliq uely upwards, a nd distally co ntact the interna l
sur face of the iliac blad e. Th e diapophyses of a nterior sacrals are d irected a nter iorly, whi le
those of posterior sacrals, posteriorly. In compar ison with bo th dorsals a nd cauda ls, the sac ra l
diapophyses are differently o riented with respect to th e lon g axis of th e body. Th ey na rrow
in a sagittal direction , a nd simulta neo usly th e lamin a connect ing th em with the neu ral spines
extends vert ically. Thi s results in their being flattened a ntero-posterio rly instead of dorso­
ventrally. Th e diapophysis of th e second sacra l is th e weak est , while most st rongly develop ed
is that of th e fifth sac ra l. Sacral rib s are very short and strong (except th at of the third sacra l,
which is thinner) and attached to the verte brae in the anter ior part of their cen tra . The rib
of th e first sacral is not fused with the ilium but contac ts it. T he rib of the second sacral
is placed above the pubic peduncle, and is somew ha t shorter and thi cker th an the others.
The fourth sacra l rib is fused to the corresponding sacral somewhat intervertebrally, being
at th e same tim e closer to th e third sacra l. Its distal end attaches to th e ilium just beh ind th e
ischiac peduncle. Th e fifth sacra l rib is the br oad est a nd fuses to the vertebra a lmost along
its whole length . In sacra ls 1-4 th e expa nded diapophysal ends a re separated fro m the distal
ends of the sacra l ribs ; differently in the sacral 5, where they join togeth er , forming a co mmo n
a rticular surface fo r a tt achment with the ilium.

The neural can al is partly known only in the specimen Z .PaI.N o.Mg.D -Ij7. Only th e
bottom of the neural ca nal of sacra ls 2 and 3 is exposed here which allows one to observe
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a pair of large and deep pit s for the spinal ganglions in the anterior portion of each vertebra.
Near the po sterior portion of each vertebra, a pair of lateral openings for issue of the spinal
nerves is present.

Caudal vertebrae (PIs. XLI-XLIV, PI. LIIl, Figs. 1-3). The number of caudals varies:
36 in the specimen Z.PaI.No.Mg.D-I /I ; 38-39 in G.J.No.DPS 100/11. The transition point 2

between the proximal and distal caudals occurs between vertebra 15 and 16. Several first anterior
caudals are weakly procoelic, while all others are amphiplatyan. The centra of anterior caudals
13-15 are spool-shaped , the articular surfaces of the centra in front of the transition point
are subcircular but somewhat elongated dorso-ventrally while those of the distal part are
distinctly subrectangular and transversely elongated. Articular facets for the chevrons are
ventrally situated on the edges of all caudal centra, except the anterior edge of the first caudal.
Those on the posterior edge are better developed. There is a broad, shallow groove along the
ventral surface of the centra of the posterior caudals, behind the transition point.
The relative length of the centra is larger in the posterior caudals than in the anterior ones,
except for the very end of the tail. Neural arches are coossified with the centrum, the suture being
visible only in the proximal part of the tail. Neural spines are comparatively high and flat ,
the surface for the attachement of the ligamentum on the posterior edge of the neural spine
being expanded backwards. This expansion disappears posteriorly beginning with caudal 10.
Neural spines diminish backwards. Beginning with caudal 18, they become ridge-like and
only their po sterior and anterior edges, which bear the surfaces for the attachment of the
ligamentum, are somewhat higher. However , at the very end of the tail they do not protrude.
Diapophyses are thin, blade-like. present only in the anterior part of the tail. Prezygapophyses
of the most anterior caudals are short and equal in length to the postzygapophyses. Beginning
with caudal I1 they become longer. At th e transition point and behind it, they reach
half the length of the centrum of the preceding caudal , beginning with caudal 20, they occupy
three quarters of the preceding centrum. Prezygapophyses along the anterior part of the tail
are flattened dorso-ventrally, while along the posterior part they are flattened laterally and
become concave outwards and longitudinally. Po stzygapophyses are short along the whole
length of the tail, being very fine and spine-like in the distal part of the tail. Articular surfaces
of the zygapophyses a re small, oval in shape, situated obliquely to the vertical plane, developed
only in the proximal caudal s.

Chevrons. The chevrons (PI. XXXIX, Fig. 3,·Test-fig. lOA-D) are V-shaped when viewed
sagitt ally. They dimini sh gradually backwards. The first chevron is situated between the first and
second caudal. Nine anterior chevron s are narrow and bent gentl y backwards, when viewed
from the side. The chevrons 10 to 13 are strongly shortened, and bent backwards angularly
in their ventral part. Beginning with chevron 14 they change their shape entirely becoming
subtriangula r in lateral profile and strongly elongate (Text-fig. 10C, D).

Ribs. The ribs (Text-fig. lOE-H) are present on all presacral vertebrae, except the
atlas and the last dorsal. In the cervical region they are fused with the vertebrae, except
in the young specimen. The first cervical rib known is that of the axis. It is slender,
rod-like and much longer than the axial centrum. It s capitulum and tuberculum
are very close to each other forming an almost continuous articular surface. Postaxial cervical
ribs have thin and comparatively broad shafts, those in the proximal region being more slender

" In accorda nce with R USSELL (1972) the tran sition point is regard ed here as the boundar y between ,.the anterior

c auda ls" and "the posterior cauda Is".
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Fig. 10

Gallimimus bullatus n. sp.
A - first chevron, B - twelfth chevro n. C - fifteenth chevro n, D - sixtee nt h chevron, in: lateral (I) , dor sa l (2) and
anterior (3) views, E - eighth right cervica l r ib, F - tenth right cerv ical rib, G - fourth right dor sal rib , H - eleventh

right dorsa l rib , in : med ial (I) and lateral (2) views (Z.PaI.No. Mg .D- lj94).
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while tho se posterior ones are plough-shaped. Their length is almost equal to the length
of the corresponding centra, except the last cervical rib , which is about twice as long. The
ventral margins of all cervical ribs are straight. On the inner surface of the ribs corresponding
to cervicals 3-10 the re is a deep and extensive depression situated dorso-posteriorly to the ca­
pitulum. The articular surface of the capitulum is elongated parallelly to the ventral edge of
the rib except in the last cervical rib. It is placed on the short, medially directed pedicel.
The tuberculum is weakly differentiated, with narrow articular surface, developed along the
dorsal margin of the tubercle. Anterior to the capitular head there is a short process, which
extends a little in front of the centrum of the corresponding vertebra. The rib corresponding
to cervical 10 (Text-fig. 10F) deviates from the pattern typical for the cervical rib, being very
like the dorsal ribs , though shorter. It also displays a small depression on its ventral surface,
which was developed in other cervical ribs , but is here much shallower and situated po sterior
to the tuberculum .

The dorsal rib s expose broad and flat dorsal ends with the capitular and tubercular
heads widely spaced , separated from each other by a shallow notch which disappears towards
the back of the vertebral column. Posteriorly, the capitulum becomes stronger, the tuberculum
weaker. The whole shaft, as well gradually curves more gently towards the rear. The proximal
part of the shaft is surmounted by an antero-posterior flat extension of bone, which is already
weakly-developed in the rib connected with cervical 10, but broadens towards the ribs of dor­
sals 13-15 where it reache s its climax . Th e development of so broad and thin a bony extension
on the dorsal ribs has never yet been reported in any theropod. Sacral ribs see p . 128.

Pectoral girdle. The scapula and coracoid are relatively weakly connected (PI. XXXI,
Fig. 2, PI. XXXII, Fig . 3, Text-fig. 11).The scapula is short and curved, somewhat extended and

A
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Fig. II
Gallimimus bullatus n. sp.

Proximal portion of the right scapulocoracoid: A - medial view, B - latera l view (G.I.No.DPS 100/11).
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thin distall y, while strongly thickened proximally. The acromion is prominent, bent in the
middle, having on the lateral surface a distinctly pronounced ridge, which runs nearly parallel
to the scapulocoracoid suture. The latter is straight, expos ing a sinus at the glenoid onl y.
There is a deep pit near the glenoid, on the posterior edge of the scapula. Th e glenoid is a deep
notch , relatively narrow, with thick lips.

The coracoid is large and deep dorso-ventrally ; its po stero-ventral part develops an
apex which is prominent and strongly curved inwards. The coracoid foramen is rounded on

, both surfaces of the coracoid. On the lateral surface a pr ominent tuber is developed, which
is almost centrally situated . A narrow, tri angular are a is pron ounced along the po sterior edge
of the coracoid apex. ft bears a distinct fossa below the gleno id lip. Th e lateral surface of the
scapulocoracoid is marked by some distinct are as of the mu scle attachments. One of the se
is located on the anterior part of the scapulocoracoid, partly covering the coracoid, being
limited dorsally by the ridge on the acromion. The other form s a trian gle occupying whol e
ventra l portion of the coracoid and extending to the co racoid tuber. It is bord ered dorsally

Tab le 3

Measurements (in mm) of the pectoral gird le and forelimb of Gallimimus bullatus n. sp.

Scapula :

length

pro ximal wid th
di sta l width

Humeru s :

len gth

pro xim al tr ansverse widt h

d istal tr an sverse width

least sha ft diam ete r
U lna :

len gth

least shaft diamete r

Radius:
length

leas t shaft d ia meter

Tota l lengt h of manus a long
the dig it 11

Metacarpa l I len gth

M etaca rp al 11 len gth
Met acar pa l III length

Phalanx 11

Ph al an x 12 • un gu al •
Ph alanx III
Ph al an x 11_

Phalanx Il a- un gu al "
Phalan x 111 1

Ph alanx 111_

Phalanx Ill.
Ph al anx Il l , ungual ·
--~~--------- - --- - --

• a long o uter curve

.450

. 140

.900

.530

.100

.065

.370

.106 .375

.006 .020

.102 .350

.005 .0 1Y

.310

.098

. 115

. 105

.135

.095

.053

. 100

.098

.032

.036

.074 I

.ooo ,
------~---- -------
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by a weak tran sverse ridge runni ng fro m th e tuber, towards the a nterio r margin of th e coracoid .
It was pr obabl y a site for th e m. co racobrachia lis. On th e medial surface of the sca pulocoracoid
two extensive depressions ca n be recognized, on e located o n th e acromion, the other, for
th e m. subcoraco ideus. on the co raco id a nd al mos t opposite the coracoid t uber o n the lateral
sur face. The supraglenoid buttress is prominent, covered by lon gitudinal st riae .

Forelimb. The humerus (PI. XXXV, Text- fig. 12 D ) is long a nd twisted , the distal end
being a t 25°-30° to th e pro ximal. The articula r surfa ces of the proximal and distal ends are
rou gh. Proximal end has th e a rt icular head pron ounced , rounded a nd overhanging th e posterior
face of th e humeru s. P rocessus med iali s a nd pr ocessus lat eral is a re well developed. Shaft is
subci rcula r in th e cro ss-section. T he delt opect oral cre st is relati vely sma ll, connected with
th e processus lat erali s, its summ it being situa ted clo se to th e pr oximal end. Di stally it lowers
gra d ua lly, me rging with th e sha ft . On the di stal end , th e medial condyle is more prominent
th an th e lat eral. The medi al epico ndy le is di stinctly sepa rated from the correspond ing condyle.
Fossa olecra ni is weakly developed o r absent. On the ventra l side, above the articular sur face,
th ere is a deep foss a , locat ed between th e two co ndy les.
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Fig. 12
Gallimimus bullatus n. sp,

A - proximal art icular surfaces of the righ t ulna a nd radi us in nat ura l position (Z.Pa I.No .Mg .D-Jj<J4), B - right ulna :
proximal (/) and distal (2) articu lar sur faces. C - dista l articu lar surface o f the left rad ius, D - righ t humerus : prox ima l

(I) and d istal (2) a rt icula r surfaces (G. I.N o. D PS 100/1 1).

The ulna (PI. XXXV I. Figs . 2, 3, PI. XIV, Fig. 3, Te xt-fig. 12 A, B) is slende r and long.
T he bone is wea kly curved, being co nvex towards the radius. The o lecra non is pr ominent
in the full- gr own specimen, while indi stinctly developed in yo unger ones . The sha ft is subtri­
a ng ular in cross -sectio n. The d istal end is wea kly expa nded a nd flattened lat ero-rnedially,
wit h th e tri angular a rtic ular surface. The apex of thi s t ria ngle faces p oste riorl y. T he a ntero­
lat eral edge of th e distal end is pronounced in th e fo rm of a sho rt, lo ngitud inal ridge.
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The radius (PI. XXXVI, Fig . 4, PI. XLV, Fig. 3, Text-fig. I2A, C), is very slende r and
long, the proxim al end being mo re expanded than the distal one. Jts articular surfa ce is suboval
in outline. Th e anterior face of the shaft is somewha t flattened . The articular surface on the
distal end is divided by a sha llow groove running ante ro-med ially. A short ridge extends
upwards along the lateral edge of the distal end.

Carpus. Onl y one ca rpa l bone is preserved (PI. XXXV I, F ig. I, Text-fig. 13A) attached
to the proximal articular surface of th e metacarpal I, nea r its lat eral edge . Thus, it presumably
represents a distal ca rpa l I o r 2.

A

S cm

Fig. 13
Gallimimus bullatus 11. sp.

Right metac arpus : A - proxima l ar ticu lar sur faces of the met acarpals I-Ill , B - d ista l art icula r surfaces of thc mcta­
carpa ls I-Il l, r - rad iale (G .I.No.DPS 100/1 1).

Mal/us (P I. XXXV I, F ig. I, Text-figs. 13, 14, 18). T he manus is tri dac tyl with a ll digits
almos t equa lly developed , the metacarpal 1 an d digit I being the strongest , the metacarpal
and digit III - the weakest. Digi t Il is somewhat longer tha n adja cent digits.

The metacarpus (Text-figs. 13, 14) is weakly arc hed tran sversely, the metacarpals being
p roximally strongly adherent to each ot her, bu t diverging slightly distally. Metaca rpal I is
the sho rtes t and triangular in cross-section. Along two thirds of its lat eral edge it attaches
closely to metaca rpal 11 , its d istal third deviating fro m the latter . T he surface of the attachment
is co ncave . In pa lmar aspect, on the media l side and nea r the proxima l a rt icular sur face,
there is a sha llow fossa whic h co nst itutes. an attachement site of the tend on of m. flexo r ca rp i
radialis. The caput of metatarsal I is asymme tr ic, with the lateral co ndyle more strongly
developed . Th ere is a deep fossa on the palm ar side of the caput. The lateral fovea ligam entosa
is much stronger than the media l one. Metaca rpal I1 is curved latera lly. It art iculates with meta­
ca rpal l over more than half of its medial surface, an d contacts metacarpal III over a quarter
of the length of its lateral edge . Its base is quadrangular ; the ca put has a some­
wha t larger lat eral co ndy le; th e shaft is flattened dorso-ventrally. There is a small pit on the
pa lmar side, below the medial co ndyle. The lat eral fovea ligamentosa is deeper than the medial
one. Metacarpal III is almost as long as metacarpal II. It is weak ly bent laterally. Its base is
tria ngular, the shaft ro unded in the cross-section, the caput is strongly flatte ned laterally.
The lateral co ndyle is larger , foveae ligamentosae comparatively weakly developed.

Digit s (Text -fig. 14). Ph alan geal for mula : 2, 3, 4. The first digit is strongly divergent
medially, while digit I11 is somewhat divergent laterally. Ph alan ges I of the digits 1I and II1
are sho rt, that of digit I being much longer (2.5 times longer than in digit 11 , 3.5 tim es lon ger
tha n in digit Ill ). All the bases of pha langes I have co ncave a rticu lar surfaces, that of dig it I
faci ng somewhat laterally. All the a rticular surfaces of ot her phalan ges are more or less sym-
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met rical. Phalan x 2 of digit 11 is a lmost three tim es longer than that of digit Ill. Foveae liga­
men tosae of ph alanges I a nd 2 of digit III are extremely weakly developed, nearly absent,
while those of th e penultimate ph alanges a re very deep in a ll digits. The unguals are strong,
somewhat curved a nd almost eq ua lly de veloped, the third being so mewhat smaller. They
a re laterally co mpressed, with deep gr ooves a long both sides . Their articular surfaces are
developed in th e form of a narrow triangle, with a weak sagitt a l ridge. The sites for the distal
attachme nts of th e ligam enta co lla te ra lia are weakl y eleva ted , the tuber s for the tendons of m.
flexo r p ro fundu s a re lar ge. and spaced from th e pr oximal mar gin of the ungual at about
a thi rd of its tot al len gth .
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Fig . 14

Gal l imimus IJIII/at /ls n. sp.
Di git s and rnc taca rpa ls o r th e right ma nus ill medi al views : A - d igit I , B - d igi t JI. C - di git I II (G. I.No. D PS 100/11 )

Pelvic girdle. The ilium (PI. X LV, Figs. I , 2, PI. L, Fig. I). The pubic
penduncle is very low; its sur face for attachment with th e pubis is triangular.
developed parallel to the axis of th e ilium and facing antero-ventrally. The isch iac
ped uncle is sho rte r th an the pubic penduncle and st ro ng; its surface for a tt achment with
th e ischium is developed tr an sver sely to th e ax is of ilium. The aceta bulum is situated opposite
th e seco nd and third sacra l, its a nte rio r mar gin locat ed just in fron t of th e junction between
the first and seco nd sac ra l, its posteri or margin - in front o f the juncture between the third
a nd fo urt h sac ra l (Text-fig. 9 A). The ace ta bula r lip is very prominent and st rong. On th e
lateral surface of the iliac blade mu scle sca rs of the mm . ilio-tibiali s, ilio-femorali s, ilio-fibularis
a nd flexor tibi ali s are visible. On the medial side o f th e ilium two sha rp ridges are developed
which suppo rt the sac ra l r ibs (P I. L, Fi g. 1). The a nte rio r ridge run s parallel to th e axi s of
the iliac blad e in prolon gation of th e pubic peduncle. It ends some di stance from the anterior
margin of th e iliac blad e and bears atta che me nt sites for the rib s of sac ra ls I and 2. The seco nd
rid ge, running ventro-do rsa lly a nd bearing the a ttachme nt of the rib o f sac ra l 3, is developed
j ust in front o f th e isch iac peduncle. The a ttachment site of the rib of sac ra l 4 is located behind
the ischiac ped unc le, near th e vent ra l edge of the po ster ior porti on o f the ilium. The common
site o f a ttachme nt of th e rib a nd diapophyses of sacra l 5 is extens ive .
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Table 4

Mea surements (in mm) of the pelvic girdle of Gallimimus bullatus n. sp.

129

---- ------c- - --

G.T.No.
DPS 100/10

- - -- --_ ._- - --

Length of ilium
Length of a ntilium
Length of pubis
Length of pubic foot
P roximal width of pubis
Length of ischium
Proximal wid th of ischium

.197

.078

.182

.070

.137

-
I G.I.No.

Z.PaI.No.Mg.D-I/
DPS

94 I I I 7 100/11

.270

I

- .630 -
.088 - .150 -
.255 .300e .620 .620e
- .120 .300 .300

.065 .900e .176 .160

.200 .235 .465 -

.060 .077 .165 -

The pubis (PI. XLVI, Fig. 3, PI. L, Fig. 2) is long and slender (only somewhat shorter
than the ilium) with a distal "foot" typical of the ornithomimids. The surface for attachment
with the ischium is short while that for the pubic peduncle of the ilium is much more extensive.
The pubic contribution to the boundary of the acetabulum is very small , the smallest of the
three bones surrounding the acetabulum. The ventral margin of the proximal end of pubis
is weakly concave and sharp. On the lateral surface, at the anterior edge, a rough thickening
is pre sent corresponding to the origin of m. ambiens in Tyrannosaurs (ROMER, 1923). This
muscle scar is not so stro ng as in the representative of the genus mentioned, nevertheless it
is quite distinct, which contradicts RUSSELL'S (1971) opinion th at it is feeble in the ornitho­
mimids. The proximal end of the pubis narrows rapidly downwards and passes into the shaft,
which is transversely suboval in cro ss-section, its medial margin being thin an d sharp:
its lateral margin - rounded. The distal "foot" of the pubis has its ventral margin faintly
con vex in outline; the po sterior portion of the "foot" is pointed forming a triangle, the anterior
portion is shorter, thickened, bending slightly dorsally and outwards. The axis of the shaft
is inclined to the sagittal axis of the "foot" at an angle of about 500. Along the ventral edge
of the "foot" a distinct rim is developed, which corresponds to the origin of the m. pubo­
-ischio-femoralis externus. The distal (ventral) fusion ofboth pubes is complete in the po sterior
portion of the "foot", no trace of the junction being left. In the anterior portion the two com­
ponents are easily recognizable . Th e ventral surface of the pubic symphysis is comparatively
narrow and flat. Above the "foot" , a narrow, elongate aperture seperates the two pubes, when
viewed anteriorly. Above this aperture, along the middle third, the two bones are eo-o ssified,
and th is part is somewhat concave anteriorly. Alon g the upper third of their length, the pro ximal
end s of the pubes are comparatively close to each other and free.

Ischium (PI. XLVI, Fig. 4, PI. L, Fig . 3). The proximal end of the ischium has very short
iliac and pubic peduncles, the acetabular rim between them being only weakly concave.
Beneath the iliac peduncle a large oval area is developed for the origin of the m. ischio-caudalis
(according to RUSSELL, 1972) or the m. flexor tibialis internus par s 3 (according to ROMER ,

1923). Both ischia are coal esced distally and along the upper half of their shafts, including
the ventral edge of the obturator process. The common ventral surface of both coalesced
ischia is strongly bro adened and flat.

Hind limb. The f emur (PI. XLVI, Figs. 1, 2, PI. XLII, Figs. 1, 2, PI. XLVIII, Figs. 1, 2,
PI. LI , Fig. 1, Text-fig. 15A) is almost straight, long and slender, its shaft being flattened
laterally. The articular head of the femur in adult specimens bear s a small tubercle, bounded
9 - P a la e on tologta P olonica N o . 27
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posteriorly by a deep notch. As comparisons with the young specimens have proved (PI. XLVI,
Fig. 2, PI. XLVIII, Figs. 1,2), this tubercle represents in fact an additional, separate ossification,
developed presumably within the ligamentum teres, which in later growth stages eo-ossified
with the caput femoris. The trochanter major is indistinctly separated from the head, the surface
between them being smooth, slightly concave and slanting backwards. The lesser trochanter
is blade-like, situated somewhat below the trochanter major and separated from the latter
by a deep incision . A faintly pronounced fourth trochanter is located on the upper third of
the femur. A large, oval scar, corresponding to the insertion of the mm. pubo-ischio-femorales
is visible anterior to the fourth trochanter, on the medial side of the femur. On the postero­
medial surface of the lower third of the femur, a rough, oval convexity is pronounced, which
according to RUSSELL (1972), corresponds to the insertion of the muscular complex of the
mm. caudi-femoralis longus and gastrocnemius. The condyles on the distal end of the femur
are unequally developed and flattened laterally. The lateral condyle is larger and bears a crescent
articular surface for the fibula. Above the lateral condyle there is a rough convexity which
represents the site of origin of m. extensor digitis communis. Posterior to it, an extensive con­
cavity is developed. The intercondyloid fossa is very deep posteriorly. Above the medial condyle,
on the anterior side of femur, there is an oblonge, deep depression which is bordered medially
by a sharp crest. Within this depression there is an oval rugosity for the m. fernoro-tibialis,

5cm

c

Fig . 15
Gallimimus bulla/us n. sp.

A - left femur: proximal (I) and distaI (2) articular surfaces, B - pro ximal articular surfaces of the right tibio-fibula,
C - distal articular sur faces of the right astragalus and calcaneum (articulated with tibio-fibula) (Z.PaI.No.Mg.D-l/94).

The tibia (pI. XLVII, Fig. 3, PI. XLVIII , Fig. 3, PI. LT, Fig. 2, Text-fig. 15B) is straight
and long, with two well developed condyles on the proximal end. They are separated by a deep,
narrow groove. The lateral one is rounded, the medial one being more conspicuous when
seen posteriorly. The tibial crest (= cnemial crest of ROMER, 1923, not cnemial crest of GIL­

MORE , 1920) is very ·prominent, strongly curved outwards, its apex no higher than the level
of the articular surface. Beneath the lateral condyle, along the antero-lateral edge of the shaft,
a sharp ridge for attachment with the fibula is developed. It occupies the upper third of the
shaft. The latter is flattened antero-posteriorly, bearing along its anterior surface a line, which
merges upwards with the ridge for the fibular attachement, meeting down the ascending process
of the astragalus. Just at the fibular ridge, on the postero-lateral surface of the upper third
of the tibia a nutrient foramen is visible. The distal end of the tibia is strongly flattened antero-
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Table 5

Measurements (in mm) of the hind limb of Gallimimus bulla/us n. sp.
-

I
G.I.No. Z.PaI.No.Mg.D-J /

DPS 100/10
94 I J I 24 I 32 I 8 I

Femur:
Length .192 .270 .360 e - - .635
Proximal transverse width - .053 .066 - - .132
Di stal transverse width - .047 .060e - .075 .130
Least shaft diameter - .022 .030 - - -

Tibia :
Length .21R
Length with astra galus - .306 .390 - - -
Proximal a nte ro-posterior

width - .056 .070 - .100 .145
Proximal transverse width I - .037 .045 - .062 .092
Dist al transverse width - .045 .058 - - .114
Least sha ft diam eter - .018 .025 - - .045

Fibula :
Length .208 .267 .360e - - -

Proximal width - .042 .053 - .071 .118
Distal width .0 10 .01 I - .0 16 .025
Least shaft diameter .007 .009 - .0 12 -

Total length of pes .340 - .505 - -
Metatarsal 11 length .144 .205 .264 - - .463
Metatarsal III length .157e .220 .280 - - .510
Metat ar sal IV length

I

. 148 .210 .270 .320 - .470
Metatarsal V length - - - .090 - -
Phalanx 11] .032 .045 - - .072 -
Phalanx 11 2 .015 .023 - .033 .035 .05 1
Phal anx lJ 3 , ungual .021 .024 - .035 .037 -
Phal anx Ill] .031 .044

I
- .063 .065 .097

Phalanx IlI 2 .024 .035 I - .050 .050 .075
Phalanx IlI 3 - .024 I - .035 .034 .050
Phalanx 11 I, . ungu al .018 .025 - .035 - -

I Phalan x IV, .0 18 .026 .040 .044
!

- -
Phal anx IV2 .0 13 .019 - .027 .033 .050
Phalan x IV3 .0 10 .0 17 - .0 18 .022 -
Phalanx IV,

I
.009

I
.0 12 - - I .020 -

Phalanx IV. , ungual .014 .023 .032 I .031I -
I

-
I
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G.I.No.
DPS

100/11

.665e

.130

.125

.062

.740

.163

.105

.120

.043

.675

.125

.028

.020

.770e

.480

.530

.500

.102

.052

.050

.090

.070

.050

.062

.043

.032

.030

.043

posteriorly, the distal attachment surface for the astragalus being flat also . The medial malleolus
has a very sharp anterior edge for articulation with the ascending process of the astragalus.
The lateral face of the distal end ha s a flat groove for fibula, bordered anteriorly by a ridge
contacting the astragalus, and po steriorly by an angular extension of the distal end .

The fibula (PI. XLVll , Fig. 3, PI. XLVJII , Fig. 3, PI. LI , Fig. 2, Text-fig. 15B) is flat,
partly in contact with the tibia. Its proximal end is very thin and broad , rapidly narrowing
downwards. The ad-tibial side of the upper fourth of the fibula is deepJy hollowed and here
fits the fibular ridge of the tibia. The upper half of the fibula runs laterally to the tibia, di stally
directing somewhat forward , contacting the latero-anterior edge of the latter. On the anterior
edge of the proximal end of the fibula , well below the articular surface, a small rugosity is
9"
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de veloped, the significa nce of which rem ain s unclear. The d ist al end o f th e fibula is thin , with
a ro unded ext rem ity fitt ing closely int o th e not ch o f the calca ne um.

Tarsus (PI. XLVII , Fig. 3, PI. XLVIII , Fig. 3, Text-figs. isc, 16 A ! . ~) . Astragalus. The
intercondylar su lcus is ve ry sha llo w. The medi al co ndyle of the as t raga lus is di stinctl y larger
than the lateral o ne . The later al margin of the latte r condyle is deepl y notched , for th e cor-

5 cm

c
B

f"ig. IG
Gallimimus bullatus n. SI' .

A - proxim al end of the right metatarsus with dist al tar sals III a nd IV. in : anterior (1 ), pos terior (2) a nd pro xima l (3)
views (Z.Pa I.No .Mg .D- lj8) , B - d ista l ar ticu lar su rfaces o f the r ight metatarsals II-IV , (G .I.No.D PS 100/1 1). C ~

proximal articular surfaces of the left metat arsals 11 and III (Z. PaI.N o.Mg .D-1/24).

resp onding medial protuberance of th e ca lca ne um. The ascending process o f th e astragalus
occ upies th e lower fo urth of th e tibia ; a deep depression is present on its a nte rio r face , j ust
abo ve the articular surface . T he calcaneum is thin , with a flat lateral surfa ce . Its upper margin
bears a notch for a rt icu lat io n with th e fibul a. The a nte ro -me d ia l edge of th e calcaneum sho ws
a pr otuberance, which fits into a corres po nd ing notch o n th e astraga lu s. Distal tarsals II I
and IV a re sim ila r in sha pe to th ose in A rchaeornithontintus asiaticus ( G ILMORE, 1933 . fig. 7a),
where however, th ey do not co ver th e wh ole di stal surface of metatarsal II I as is the ca se in
G. bullatus.
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Fig . 17
Gallimimus bullatus n. sp.

D igits of th e right pes in med ial views: A - d igit H, B - digit Ill , C - d igit IV (G .I. No. D PS 100/11).

Pes (PI. XLIX , PI. LI , Fig. 3, Text-figs. 16, 17). Th e metat ar su s (Tex t-fig. 16 A j , A ~ ,

B, C) is very lon g, eq ua l 72 % of th e length of th e crus a nd almo st 80 % of that of th e femur
(ta bles 6, 7). Metat a rsal II is a lmos t as lon g as metatarsal 1V (97 %of th e latter) . Met at arsal 111,
when viewed anteriorly , is broad in its distal half, partl y covering the sides of adjoining meta­
tarsals 1I a nd IV. 1n its mid -length it narrows abruptly and wedges bet ween these bones, a nd,
th erefore is not visible, or o nly partly visible alo ng the proximal half. Metat arsal V is abo ut
a third of th e leng th of metat arsal IV. It is p rox ima lly subtr iangula r in cross sect io n, d istally
bein g fl at a nd deviating o utwards. ' Meta ta rsa ls II a nd IV diverge so mew ha t in th eir di stal
fifth from the inn er one. Judgin g from the extension and shape of th e distal a rtic ular surface s
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of the metatar sals and those of the first phalanges of digits, the natural position of the se latter
was also divergent. The proximal articular surfaces of a ll phal anges I ar e sha llowly concave,
the articular surfaces between the phalanges of digit s 11 and IV are divided nearly symmetrically
by the sagittal crest (base) or sagittal groove (caput). Th e a rticular surfaces betw een the pha­
lange s of dig it HI a re undivided , broad la terally, except the caput of the penultimate phalan x
and the base of the ungual , which have a wea kly pr on ounced sagitt a l groove and crest re­
spectively. The ungu als of digits II and JV are somewhat declined outwards in respect to the
longitudinal ax is of the corresponding digits. Th e ventra l surface of the ungual s is flat with out
any tuber. Instead , a semicircula r dep ression is situa ted in its mid-length , which is bordered
at the sides by the sha rp edges of the ungual. Each of these edges ends abruptly before reachin g
backwards the proximal fou rth of the ungu al, which results in a sma ll "spur" on either side
of the ungual. Th e structure of the ungual is similar in S. altus and presum ably thi s structure
is cha racteristic of a ll orn itho mimids. Differentl y, in other th er opod s known to date on the
ventra l side of the pedal unguals there is a tuber fo r the tend on of the fl exor muscle.

DISCUSSIO N

Galli1l1 i l1111S bullatus n. gen. , n. sp., describ ed here, exhibits some features in its post­
crani al skeleton which are regarded by RUSSEL L ( 1972) as cha racteristic of the genus S truthio­
1I1i1l111S OSBORN, 1917. It shows the same relation in the structure of the caudal portion of the
vertebral column, similar structure of the manus, the same relati on betw een the length of th­
for elimb and hind limb . However, it is different from St ruthiomimus in three of the charac­
teristics con sidered by'R usSELL ( 1972) to be of generic value: the length of the pre sacral verte­
bral column, which is equal to the length of the hind limb (the pedal digits excluding) in Galli­
tnimus n. gen. while it is more than that in S/ru/!li01l1i1l1I1S; the scapula, which is sho rter than
the hum eru s in Galliniimus, while the co nt ra ry is the case in S truthio niimus; the ungual of
the third digit of the manus, which is sho rter than the penultimate phalan x of thi s digit in
Gallimiinus, instead of being longer than the latt er, as it is in S truthiomimus. Th e two latter
features are, according to RUSSELL ( 1972), characte ristic of the genu s Ornith oniimus MARSH,
1890. Though the manus of G. bulla tus is generally compara ble with that of S . altus in its
st ructure, it is strikingly sho rt, in which respect it differs from not only thi s species but all
the Ornithomimidae as well (p. 138). Th e most str iking featu re of G. bullatu s n. ge n. , n. sp.
is its large size (the skeleta l frag ments of severa l large specimens have been found in the Upper
Nem egt Beds), in which it differs from all known ornithomimids.

Detailed compari son s of G. bulla tus with other ornitho mimids a re difficult. owing to
insufficient descr iption s and illustrations. G. bullatus, however, seems to be most simila r to
S. altu s. Th e compa ra ble dat a for both species (and in all the orn ithomimids as well) a re
th ose of the forelimb and hind limb, as well as the pelvic girdle. Th e skull and the vertebral
column may be compared only in some fragment s.

COMPARISONS OF THE SKUL L AND MAND IBLE

Skull s of the ornitho mimids a re rarel y satisfacto rily preserved and only the se of three
species : Struth iontitnus altus LAM BE, 1902, Dromiceioniimus satnueli (PARKS, 1928), D. bre­
vetertius (PARKS, 1926) :l may be here compa red with the skull of G. bullatus n. sp.

, The postero -dor sal regio n of skull of th is species was recent ly illustra ted by R USSELL ( 1972, Fig . 5A- B).
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If the largest skull of our species is compared with tho se of the species above men­
tioned , the difference in its shape is striking, none of the latter having so long a snout, drawn
dorsally by so gently sloping a line. The se differences are not at all distinct, when the younger
skulls of G. bullatus are compared with the skulls of other representatives of the family . Other­
wise, the snout of G. bullatus does not differ much in its structure, except that , when seen
laterally (PIs. XXIX, XXX , Text-fig. 3A) it does not narrow forward s in its distal half and
the lower margin of the premaxilla rises upwards anteriorly instead of being horizontal as it
is in S. altus and D. samueli. In dorsal view (PI. XXXI , Fig. I, Text-fig. 2B) the distinct dif­
ferences with these species concern only the anterior part of the snout, which in G. bullatus
is not narrowed distally and is moreover bluntly ended. Similar blunt snout occurs in the
skull of .Struthiomimus currelli' (= Ornithomimus edmontonicus STERNBERG, 1933) described
and illustrated by PARKS (1926, pI. 2), thi s however has been crushed vertically, thu s it is not
possible to decide whether the resemblance is not due to the state of preser­
vation.

It is reasonable to accept that all the ornithomimids had the same feeding habits, and
thus the same structure of the snout. In birds , representatives of different genera within the
same family frequently have very similar structure of the bill. Two of the three skull s of G. bullatus
studied by us seem to be very alike in the structure of the snout to the ornithomimids known
to date from North America , and it is only in the holot ype skull, which is perfectly preserved,
that the true structure of the snout could be recognized.

As compared with S. altus, the infratemporal fossa in G. bullatus is reduced, subtriangular
in shape, bordered by the postorbital , squarnosal, the prequadrate process of the latter and
the very end of the ascending proces s of the quadrato-jugal. The infratemporal fossa in S. altus
is larger , rectangular and bordered by the jugal, both branches of the quadrato-jugal , squamosal
(with its prequadrate process) and postorbital. D. satnueli shows comparably small infratemporal
fossa , but it is here bordered ventrally (similarly as in S. altuss by the quadrato-jugal only .
The latter bone has a different shape in D. saniueli than in G. bullatus, having developed
an additional forward extension of its ascending process, which lies medially to the posterior
margins of the postorbital and jugal.

According to RUSSELL (1972) the supratemporal fossa in D. brevetertius is bordered
laterally and medially as well, by alae of the squamosal, but he states simultaneously that
the sutures are poorl y visible there . Judging from the relations between the bones of the
temporal region which are clear in G. bullatus, the medial wall of the supratemporal fossa
was in D. brevetertius also formed by the lateral flange of the parietal (p. Ill).

The structure of the anterior portion of the basisphenoid (p. Ill) in G. bullatus is unique .
among Theropoda known to date. Some resemblances may be indicated in the basicranial
portion of the skull of Drontaeosaurus albertensis (COLBERT & RUSSELL, 1969, Figs. 6, 9) where
a large depression is pronounced anterior to the basal tubera, bordered frontally by a transverse
crest , which joins the basipterygoid processes. In G. bullatus, instead of the depression, there
is ari extensive opening which leads antero-ventrally to the cavity inside the "bulbous struc­
ture", opening postero-dorsally ju st behind the latt er and in front of the pituitary fossa (Text­
figs. 2A , 7A).

lt would seem at first glance that G. bullatus differs from all other repre sentatives of the
Ornithomimidae (as well as from all hitherto known dinosaurs) in the presence of the " bulbous
structure" . However, in our opinion there is some evidence that this feature may have been
present in other ornithomimids (at' least in Droniiceiomimus saniueliy and certainly
out side this family , as well (the "bulbous structure" was noted in the hitherto undescribed
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specimen of Sauron titltoides sp. from Mongolia) . Thu s, it seems probable that the "bulbous
structure" is a character of a higher than specifi c value.

A significance of the "bulbous structure" remain s still unclea r to us. Its connection
with Rathke's pouch would suggest that it located the hypophysis, were not the presence of the
pituitary fossa developed according to the usual theropod pattern on the anterior wall of the
brain case, below the exit for the second nerve and infundibulum. It should be however em­
phasized here , that presumably a communication between the pituitary fossa and the "bulbous
structure" existed, the base of the skull being pierced vertically between them (p. 112). At
first glance, the slightly resemblant parasphenoid to that in G. bulla/us occurs in the phytosaurs
(CAMP, 1930, Fig. 37). Thi s resemblance may, however, be superfi cial, for the parasphenoid
there is solid instead of being hollowed as in G. bulla/us, and closer to the pituitary fossa, its
base constituting the anterior wall of the sella turcica.

Observation of the outer walls of the brain case in G. bullatus leads us to suggest that
the brain was more steeply placed than in Tyrannosaurus res (OSBORN, 1920, PI. 4),
the horizontal olfactory tract being at a significant angle to the main body of the brain.
Similarly strong f1exure of the brain was described by CAMP (1930, Fig. 46) in phytosaurs.

The pterygoid in G. bulla/us, which exhibits an additional, medial wing overlapping
over a signifi cant distance the medial porti on of the basisphenoid (Text-figs. SA, 8) is different
than tho se known in other theropods. The ant erior portion of the pterygoid is developed very
similarly in D. sam ueli (PARKS, 1926, PI. 4), and strongly suggests that there also it underlined
the bulbous structure, which is not preserved. The interpterygoid vacuities are extremely
narrow in both compared species. Presumably the structure of the pterygoid, which was de­
scribed in G. bullatus was characteristic of the representatives of the Ornithornimidae s. s.
and was related to the presence of the "bulbous structure".

The ectopterygoid in G. bullatus strongly resembles in shape that of Dromaeosaurus
alb ert ensis MATTH EW & BROWN, 1922, except that its lateral process is more delicate and
overlaps the jugal over an extensive distance . The subsid iary fenestra , which occurs in G. bul­
la/us between the palatine and pterygoid was so far reported , among the theropods, only
in the Dromaeosauridae. Quit e uniqu e, however, is the presence of an additional , transverse
bony lamina of the palatine (in its maxillary portion), which is directed dorsally , and situated
perpendicularly to the plane of the palatine. It may be homologous with one of the dorsal "struts",
which were described by OSTROM (1969) in the palatine of Deinonychus antirrliopus, but it is
evidently overgrown in G. bullatus.

The relation between the jaw s in the most anterior part of the snout, with a gap between
them when the mouth was shut , can be only compared with that between the jaw s in Oviraptor
philoceratops OSBORN, 1924. The retroarticular process of the mandible in G. bullatus is simi­
larly constructed as in S . altus, but not as in D . santueli, where it is mor e delicate.

COMPA RISONS OF THE POSTCR ANI AL SKE LETON

The differences between G. bullatus n. sp. and other ornithomimids in the postcranial
skeleton deal with the somewhat different shape of some bones and with the proportions of
particular bone s, or portions of the limbs.

The vertebral column consi sts of a similar numb er of vertebrae in G. bullatus and
S. altu s, which is 64-66 and 67 respectively, the difference being due to a lesser number
of caudals in G. bullatus. The neck is longer in relation to the trunk (approximately 85 % of
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the latter in G. bill/a /lis) than in other o rn itho mimids (a pprox . 76 % in S . altus ). The atlas of
G. bulla/ lis deviat es very strongly from th ose kn own in other theropod s. The main difference
invo lves th e intercent rum , which ha s a surface for a rticulation with th e occipita l condyle
slightly slanting downwards posteriorl y, instead of being concave and facing antero-dorsa lly.
It probabl y ga ve little suppo rt to the skull. Cervica ls 3 a nd 4 are very lon g in G. bullatus in
co mpa riso n with th e corresponding cervica ls of S . altus a nd D. bre vetertius ( RUSSE LL, 1972,
Figs. I , 4). The neu ral a rches of the cervica ls a re lower th an in S. altus a nd D. samueli. T he
ante rior cer vica ls expose a n o bliq ue angling of th e centre (P I. LI I, Figs. 2 b, 3 b). The angling
of th e centra is a cha racte r of a rank higher th an a specific one, and as th ough not yet
rep orted in an y o rn itho mimid , it seems to be present in th e cervica ls 0 1'.5. altus (O SBORN,

1917 , PI. 24) a nd D. santueli (P ARKS. 1928, PI. I). Slight angling is evident al so o n th e centra
of the last do rsa ls in G. bullatus. D orsa l 13, which differ s from the other do rsals (p . 119) i. e. in
lackin g rib s (simi larl y as dorsal 13 in Ceratosa urus nasicornis MARSH 1884 in GILMORE, 1920),
ca nnot be compared with that in ot her orn itho mimids owi ng to insufficient data . R USSELL

(1972) incl udes dorsal 13 in th e sacra l series ; thus, acco rd ing to him the sacrum numbers
six vertebrae. We di ffer here with R USSELL' S interpretation , on the basis of the fact that the
centrum of dorsal 13 is not fused to th e sacrum and its structure remains typical for t he
dorsal s, with so me charac ters tr a nsitional to th e sacra ls (lack of the po stzygapophyses, de­
velopment of the ver tica l lamina of bone connect ing th e diapophysis with th e neural spine).

lt sho uld be em phasized here, that in th e literature dealing with o rn ithomimids , there
is some di vergence of opinio n as to th e number of sacra l verte brae . GILMORE (1920, 1933)
stated th at th ere were four sacra ls in Ornithom imus sedens and .Drnithoniitnus" asiaticus,
while O SBORN ( 19 17) co unted five sacra ls in S . altus. P ARKS ( 1926, 1933) considered that
six sacra l vertebrae were in .Struthiomintus" bre vetertius a nd " S truthiom im us currelli", Com­
pari son of illustrat ions of th e pelvis of Ornithotnimus sedens a nd A rchaeornithomim us asiaticus
with th e perfectly preserved pelvis of G. bulla /us prove s th at th ese species a lso have but five
sacra ls. Contra ry to R USSELL'S opinion (1972) th at only sacra ls 3-5 (o ur s 2-4) are provided
with ribs, our specimens prove that th e latter ar e present o n a ll sac ra ls (Text-fig. 9). The sacrum of
G. bulla /us is somewhat lon ger th an that of other orn ithomimids . It is 76 %of th e femur length,
whil e in Orn ithotnitnus edntontonicus and Dromiceioniimus breve/er/ius (= .Struthiom im us
currelli" and .,S/ru/hiomilllus ingens" in P ARKS 1933, table o n p. 14, S;,-5) it is 74 % and 75 %,
respecti vely. In contrast with S . altus and O. sedens, where th e neu ra l spines of sacrals are
fused, formi ng a conti nuou s plate, those in G. bullatus a re sepa ra ted , even in fully-grown ind i­
vid uals.

The t ran sition point in the ta il of G. bullatus occurs between caudals 15 and 16, as
it is in S. altus. The structure of the caudal portion of th e vertebral column does not differ
grea tly from th at in ot he r o rn itho mimids.

Judging from R USSELL'S ( 1972, Figs. I, 4) reconstr uctio ns of S . altus a nd D. breveter­
tius th ere a re some d ifferences in th e ribs of G. bullatus. T he ax ial rib deviates in its shape
fro m th ose of other cervica ls, being lo ng, thi n an d rod -like, while the ax ial ribs of th e species
ment ion ed a re simila r to th ose of the remaining cervica ls 4; ce rvica l 10 is provided with the
rib, which differ s in its shape from ot her ce rvica l rib s, being comparable to th e dorsa l ribs,
th ou gh about half as lo ng as that of dor sal I. The rib s of dorsal s 3 a nd 4 are mu ch broader
proximally th an th e sa me rib s in S. altus an d D . brevetertius.

, According to D r A. D . R USSELL' S personal communica tion, the axial r ib is not preserved in any Amer ican
orni thomimid.
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The scapula is somewhat less expanded distally than in other theropods, with the possible
exception of Deinonyclius antirrhopus OSTROM, 1969, in which it is typically ornithomimid-like.
It is stouter in G. bullatus than the scapula of D. samueli, especially just above the acromion ,
the region which in the species compared is distinctly narrowed (PARKS, 1928, PI. I). The
humerus in G. bullatus is longer than the scapula, ju st as it is the case of Ornithomimus edmo n­
tonicu s STERNBERG, 1933. In comparison with the humerus in Deinoch eirus mirificus OSMOL­
SKA & RONI EWICZ, 1970, that of the species here described was feeble, its delto-pectoral crest
being much smaller and situated closer to the articular head (p. 126). The relation of the radio­
ulnar segment to the humerus (table 7) is very va riable in Ornithomimidae s. s. It equals 66 %
in G. bullatus as compared with 70 % in S. altus and O. edmontonicus and 91 % in D. samueli.
The same proportion between the two segments as in G. bullatus occurs in the forelimb of
Deinocheirus mirificus. The forelimb as a whole , doe s not differ much from those known in
other repre sentatives of the famil y (table 7), being also comparatively weak . lt s total length
equals 50 % of that of the hind limb , the same as in S . altus (51 %). There is a striking dif­
ference between both species compared in the proportions within the forelimb itself: the manus
in G. bullatus is only 26 %of the total forelimb length ". while in S. altus the manus represents
37 % of the total forelimb length. It should be emphasized here that the manus of G. bullatus
is the shortest not only among the known ornithomimids, where it ranges 35-38 % of the
total length, but also as compared with that of Deinoch eirus mirificus (32 %) and Deinonychus
antirrhopus (34 %). Though the manus in G. bullatus is shorter than that of Deinoclieirus
mirificus, both are very similarly constructed , differing in the following details: metacarpal l l
is the longest one in G. bullatus, while metacarpal III is the longest one in Deinocheirus
mirificus; phalanx 111 2 is less than 1/2 the length of phalanx ilia in G. bullatus. while in D.
mirificus phalanx 111 2 is longer than half of phal anx Ilia; the unguals in G. bullatus are less
curved and shorter in relation to the corresponding penultimate phalanges than in Ir.inirificus:
digit III has a lesser degree of flexion and exten sion in G. bullatus than in the species
compared.

There are several differences in the structure of the pelvis in G. bullatus as compared
with that of S. altus . The iliac and pubic peduncles in G. bullatus are shorter. In lateral view,
the ventral outline of the pubic "foot" in G. bullatus is nearly flat , similar to that of Archae­
ornithom imus asiatieus (GILMORE, 1933, Fig. 6), while that of S. altus is bent angularly at
the front , having a shorter posterior extension.

The structure of the hind limb in G. bullatus shows but slight differences in comparison
with that of S. altus. Recently RUSSELL (1972) calculated some indice s i. e. for the hind limb
of S. altu s and D. brevetertius, which allowed us to make some comparison s. They show that
the third pedal digit of G. bullatus is much shorter than tho se in the Ornithomimidae hitherto
known (p. 133). The length of the crus in G. bullatus in relation to the length of the femur
is comparable to that of S. altus, but shorter than that in D. brevetertius. Attention should
be drawn to the structure of the astragalus - calcaneum unit (p . 132). It makes the union of
the two bones very strong. A very simila r relation is found in the tarsus of Ornithoniimus ve­
lox MARSH, and presumably is characteristic of all ornithomimids. It is also found in the
Carnosauria - Tyrannosaurus, Tarb osaurus, Albertosaurus and Allosaurus - though lacking
in Ceratosaurus and the Dromaeosauridae. In the structure of the metatarsus G. bullatus dif­
fers from S. altu s in having a somewhat longer metatarsal l I in relation to metatarsal IV.
Metatarsal III in the latter species narrows more gradually upwards than that in G. bullatus,
wedging between the adjoining metatarsals only in its upper third.
- - -- -

5 Includ ing the length of the manus.
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GROWTH CHANG ES
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Measurements of the skulls and postcranial skeleto ns (tables 1-5) taken for severa l
specimens of G. bullatus in different growth stages have allowed us to calculate some indices
(table 6). Though ba sed on scanty material (for statistical purposes) they provide st ill general
information about the growth process.

T able 6

Selected anatornic ratios illustrating the growth changes in Galliminius bullatus n. sp.

M C t N I po L/cr~Ao:c~ l _or/c~ i cr/F_~~F---~- ;:-IM~I I / F i Mt.I ;~; I ----1

I~G-.I . N:.:P~~;: O O.IS I 0.49 0.32 I 0.62 1.14 0.80 0.71 Young

i Z.PaI. No .Mg.D-J/94 I I 0.40 0.33 1.11 0.80 0.71 t

I

Z.PaI.No.Mg.D-l jl 0.15 , 0.55 0.32 0.50 1.08 0.77 0.72
G . I.No.D PS 100/11 0.11 I 0.67 0.23 I 0.50 0.53 0.47 1.11 0.78 0.72 Adult

_ . _ -----_._---'- -_.- - - ----.--- - - ---

• For a bbreviat ions sec the text below.

The following four indices have been calculated for the skulls: po storbital length (Pol.)
to the maximum length of sk ull (Cr) ratio ; antorbital length (AoL) to maximum length of
skull ratio ; orbital length (Or) to maximum length of skull ratio ; maximal length of skull
to length offemur (F). They show that the proportions and shape of the sk ull change significant ly
during individual growth . In the largest specimen, the posterior region of the skull (measured
to the posterior margin of orbit) is II % of the total skull length, while in two yo unger speci­
mens it is 15%. The orbits relatively decrease during the growth . The case is different with
the snout, which shows a constant relative increase in length during ind ivid ua l growth. These
data are in accordance with observations of the growth process in contemporary crocodiles
(KRAMER & MEDEM, 1955/56) , where the yo ung specimens ha ve large r orbits and shorter
snouts than the adults and the sno ut increases in length more quickly than the po sterior region
of the skull. The skull as contrasted with the hind limb growth (femur), is larger in the smallest
specimen than in the two older ones.

Unfortunately, due to the fragmentary nature of the material , it was not po ssible to
obtain full information concerning the changes of the forelimb to hind limb ratio. The only
indices, which could be calculated for thi s purpose show that the radius (R) becomes slightly
longer during growth in relation to both the femur (F) and tibia (T). Thus, presumably,
the length of the forelimb relatively increased during the life time. The indices calculated for
obtaining information concerning the mutual relations of particular sections within the hind
limb show that the proportions change here very slightly .

KIN ETl CISM AND ST RE PTOST YLl SM

We were able to observe in the skulls at our di sposal , that there are , in many places,
loose connections between the adjacent bones, which could have promoted a high degree
of intracranial mobility in Gallimimus bullatus. It sho uld be emphasized here that mo st
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of these loose con nec t io ns were o bserved in the sk ulls of two yo ung spec ime ns (o ne of them ­
Z .PaI.N o .Mg.D-Ij l - representing probably a yo ung ad ult) bu t some wer e still clearly detec­
table in th e holotype sp ecimen , whi ch is th e largest kn own orn ithom imid ind ivid ua l and ce rta in ly
represents a late adult stage.

In all skulls considered the metakinet ic co nd ition is d istinctl y recognizable (p . Ill),
a nd in add itio n to the lose contact between the supraoccipital a nd pariet al s, there exists
a condylar articulati on bet ween th e supraocci pital and sq uamosal, the latter being obse rved ,
however , in th e yo unge r skull (Z .PaI.N o .M g.D-IjJ ) . A similar rela tio n bet ween these tw o
bon es wa s described by GILMORE(1937) in a hadrosaurian cranium . It was di scu ssed by OSTROM
( 196 1) who believed it to be due to th e juvenil stage of th e ind ivid ual growth . In the und oubtedl y
adult speci me n (G. I.No.D P S 100/11) of G. bullatus the squamosal-sup ra occipita l relation
canno t be in vestigated because of th e sta te of p reser vation. H owever , taking into account
th e fact that even in thi s species th e loose connectio n between th e supraoccipita l and parietal
ca nno t be doubted , it seems probable th a t so me degree of mobility should a lso exist between
th e sq ua mosa l and supraocc ipita l.

Basal a rt icula t ion in G. bullatus is we ll pr on ounced , later osphen oids are loosely attached
to the cranial roof (p . 113) a nd co nse que nt ly, th e occipital segment form s a di stinct unit con­
sisting of the supraocci pita l, paroccipital processes , prootics, basioccipital , basisphenoid, para­
sphenoid and laterosphen oids.

The maxillary segment, a t least in yo ung sk ulls , does not form a con solidated , rigid st ruc­
ture a nd, just as may be obse rved in man y birds (i. e. in Anser) it shows that some of its ele­
ments a re more lo osely bound to thc o the rs. However, a t present it is difficul t to sta te whether
th e separate units co uld be di stingui shed with in th e seg ment in qu estion. In addit io n to th e
ba sal articulation a nd the metak inet ic joint , th e maxillary segment co nta cts the occipita l
segment posteriorly in th e sq ua mosal-opistho t ic j unctio n (ve ry loose in yo ung skulls), a nd
al so mediall y where th e medi al wings of the pt erygoids cover to a n exten sive degree th e dorsal
sur face of th e basisphen oid al on g both side s of th e pituita ry fossa (p . 11 6). This junction is
free though close a nd was observed in the largest skull (ho lo ty pe). It is possible th at some
independence o f th e cra nial roof within th e maxillary segment was th e case in G. bullatus.
It may be noticed th a t bet ween th e prefrontal a nd fron tal in yo ung sku lls as well as be twee n
th e lacrim al a nd nasal , palatine a nd maxi lla in yo ung a nd adult skulls th e sutures were very
loose a nd most p robably some slidi ng movem ents co uld ta ke place there. On the other hand ,
no t ru e mesokinet ic j o int was obse rve d acros s th e skull of the largest specime n in which it
was possible to investiga te. Whether the re was any flexibility of the bone on the boundary
between th e fr ontals a nd nasal s, wh ich is th e case with some bi rd s (unless th ey ha ve a joint
here) cannot be sta ted, though it is not im p ro bab le, a nd thi s possibility has a lready been co n­
side red by RUSSELL (1972).

The pterygoid-quadrate a rticulatio n dem ands a tten tion , as it see ms to be comparat ively
loose in the "young ad ult" sk ull, whil e a lmost r igid in th e largest one. The quadrate-squamosal
articul at ion in the ornithomimids has alrea dy been di scussed by RUSSELL ( 1972) , who proposes
th at the quadrate was ca pab le of limited antero-poster io r m ovement. Streptostyli sm was
also cons idered in connection with the hadrosaurian sk ull by OSTROM (1961), who came,
however , to the conclusion th at th e prequadratic process of the squamosa l developed there
did not a llow a ny fo rward movem ent of the quadrate. In G. bullatus , as in o ther known orni­
thomimids th e quadrate is a lso bounded a nte rio rly by the prequadrati c process of the squamosal,
as well as a ntero-Ia te ra lly by a th in , dorsal ex te ns ion of th e quadrato-jugal. Thus, it seems
th at in th e o rn ithomimids as we ll forward movem ents of th e quadrat e we re not possible.
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In the literature on the ornithomimids hitherto known (OSBORN, 1917 ; RussELL, 1972)
their supposed adaptations and mode of life were widely discussed. We agree with RUSSELL'S
conclusions concerning the feeding habits and cursorial adaptations (RUSSELL, 1972). We
would like simply to draw attention to some adaptations which are pronounced in the struc­
ture of the neck and have not yet been described in ornithomimids.

The proximal cer vical region of G. bullatus exhibits a distinct angling of the articular
surfaces of the vertebral centra (p. 118). This phenomenon was reported first by OSTROM (1969)
in Deinonychus antirrliopus, though it seems to be quite common among th e theropods. In

Table 7

Selected anatomic ratios in some ornithomimids as compared with
Deinocheirus tnirificus and Deinonyclius antirrhopus
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Gallimimus bullatus n . sp . 0.26 0.58 0.50 0.27 0.66 1.08- 1.1410.77- 0.8 0.71- 0.72 1.15 0.35

S/I"II/hiomimusaltus O SBORN 0.37 1.00 0.55 0.28 0.70 1.08-1.130.75-0.79 0.68 1.06 0.33

Ornithomimus cdmontoni- 0.35-0.38 0.94 0.51 0.27 0.69 1.46 - 0.65? 1.20 0.38
CIIS STERNBERG

Dromiceiomimu s samueli - - - - 0.91 - - - - -
( PARKS)

Dromiceiomimus brcveter- - - - - - 1.18-1.24 0.76-0.86 0.69 ? 1.29 0.37
tius ( PARKS)

Deinocheirus mirificus 0.32 0.82 - - 0.66 - - - - -
OSM OLSKA & R ONI EWI CZ

Deinonychus antirrhopus 0.34 1.23 0.70 0.45 0.76 - - - - -
O STROM

G. bullatus the angling occurs in cervicals 2-6 (thus including the axis), the angles being
58°-83°, while in Deinony chus antirrhopus - in cervical s 3-7, the angles being 58°-85° to
the level of the neural canal. The natural curvature of the neck in G. bullatus, cau sed by the
angling mentioned, can be reconstructed rather precisely, as the whol e series of the cer vicals
is preser ved in one of the specimens (Z .PaI.No.Mg.D-I j94) . The neck was held slightly obliquely,
declining up at an angle of about 35° to the line of the a nterior dorsal s (Text-fig. I). It should
be noted here that the head was very small and light in relation to the vertebral column. May
be , the structure of the atlas (p. 117) with the slightly ventrally directed articular facet for
contact with the occipital condyle, resulted from the head's being light or from the peculiar
natural curvature of the neck . Attention should be drawn to the fact , that the proximal portion
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of the neck was very mobil e in G. bullatus, having sho rt a nd broad zyga pophyses with ex­
tensive articular surfaces. Th e structure of th e neural a rches in thi s region is strikingly simila r
to that in the chicken and some othe r Galliformes, which may suggest that feeding habits
were also comparable. In th e poste rior portion , the neck was more rigid , the articula r surfaces
of zygapophyses being much more limited. In the structure of the snout, R USSELL (1972) sees
simila rities with th e insectivorous birds, while in G. bullatus it reca lls rather the bill of a duck
o r goose. We pre sum e that th e animal fed on small, living prey, swallowed whole . The mobile
neck was very useful in looking for th e prey o n the gr ound, bec au se the eyes wer e very lateral
in position.

In 1969 O STROM presented th e functi on al a na lysis of the fo relimb mainly of Deino ­
ny chus antirrh opus, but also of the ornithomimids. We full y accept hi s view; that the polex
in orn ithomimids cannot be regarded as a truly opposable digit, nor can the manus be regarded

10cm

DigIT

Fig . 18
Gallimimus bullatus n. sp.

Sketch drawing of thc righ t manus in medial view : A - maxima l extens ion, B - maxi ma l flexion of digits, based on
type specimen (G.I.No.DPS 100/1 I).

as a prehensile or grasp ing organ. This paper presents an illu stration (Text-fig. 18) a na lysing
th e maximum flexion and ext ension possibilities for th e manus of G. bul/atus. It shows that
the se movements were very limited . The forelimbs of Deinocheirus niirificus (OSMOLSKA & Ro­
NIEWICZ , 1970, Fig. 3) exhibit a simila r ad aptati on , but in th is latter animal they were adapted
ra ther to tearing the prey asunde r, bein g much stro nger th an in th e orn itho mimids . The humerus



A NEW DI NOSA UR, GALL/MIMUS BUL LAT US N . G EN., N. S P. 143

of G. bullatus was feeble in comparison with that of D. mir ificus, the delto-pectoral crest being
much small er, thus prov iding less surface for the insertion of mm. coraco brachialis and pecto­
ralis , which are respo nsible fo r the adduction and pronati on of the humeru s. It was, moreover,
situa ted closer to the articular head of the humeru s and co nsequently the effect of the action
was less powerfull in G. bullatus. Th e forelimbs of G. bullatus with their sho rt manus presum ably
were not used for ca rrying foo d to the mou th , but more prob abl y for "raking" or digging
light mat erial on th e gro und in order to get access to foo d .
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PLATE XXIX

Gallimimus bullatus n. sp.. . . . .
Upper Cretaceous, Upper Nemegt Beds, Gobi Desert

Fig. I. Skull of the smal lest specimen . Bugeen Tsav . G.I.No.DPS 100/10. See also Plate XXX, Fig. I.
Fig . 2. Plaster cast of the skull with mandible of the young specimen , before preparation. Photograph inverted.

Tsagan Khushu, Nerncgt Basin. Z.PaI.No.Mg.D-I/1. See also Plate XXX, Fig . 2.
Fig. 3. Skull with mandible of the type specimen. Tsagan Khushu, Nemegt Basin. G.I .No.DPS 100/11. See

also Plates XXXI-XXXIV.

Photo: W. Skarzyns ki
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PLAT E XXX

Gallimimus bullatus n. sp. . . . . .
Upper Cretaceous. Upper Nern egt Beds, Gobi Desert

Fig. I. Right side of the skull with mandib le of the smallest specimen found. The left side of the same specimen
is figured on Plate XXIX, Fig. I. Bugeen Tsav, G .I. No.DPS 100/ 10.

Fig. 2. Skull with mandible of the young specimen, after preparation. T he plaster east of the same specimen
before preparation is figured on Plate XXIX, Fig. 2. Tsagan Kh ushu , Nemegt Basin. Z.PaI.No .Mg .D-I/I.

Photo : W. Skari y tiskl
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PLAT E XXXI

Galliminius billla/lis n. sp.. .
Uppe r Cre taceous. Upper Nc megt Beds. Tsagan Khushu, Ncmcgt Basin. Gobi Desert.

Type specimen. G.l. No.DPS 100 '11

Fig . l. Stereo-photograp h of the skull, dor sal view: . 0.5. Sec also Plates XXIX . XX XII-XXX IV.
Fig. 2. R ight scap ulocoracoid, a - la tera l view. b - med ia l view: < 0.15. See also Plate XXXII , Fig. 3,

Photo : H". S/..ur:.1'1isk i
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Galliminius bullatus n. sp. . . . . . . . . . . . 105
Upper Cretaceous. Upper Nemegt Beds. Tsagan Khu shu , Nernegt Basin, Gobi Desert.

Type specimen. G.I.No.DPS 100/1 1

Fig. 1. Stereo -photograph of the skull with mandible, vent ral view; :< 0.5. See also Plates XXIX, Fig . 3, XXXI,
Fig . I, XXXIII, XXXIV.

Fig . 2. Axis with the right axial rib attached , ventral view: cl - dens, i - intercentrum, r - rib ; x 1.
Fig. 3. Right scapulocoracoid, posterior view; x 0.25. See also Plate XXXI, Fig . 2.

Photo: W. Skarzynski
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Gallimitnus bullatus n. sp. . . . . . . . . . . . 105
Upper Cretaceous, Upper Nemegt Beds, Tsagan Khushu, Nerneg t Basin , Gobi Desert.

Type specimen, G.I.No.DPS 100/11
(Sec also Plates XXIX, Fig . 3, XXXI, Fig . 1, XXXII, XXXIV)

Fig. I. Stereo-ph otograph of the brain case , a - ventral view, b - poste ro-ventral view, c - post erio r view,
exposing the entra nce to thc .,bulbous structure" (Ra thke's pouch) ; ); 0.5.

Photo: W. S kar iynsk i
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PLATE XXX IV

Gallitnimus bullatus n. sp. . . .
Upper Cretaceous , Upper Nemegt Beds. Tsagan Khu shu. Nem egt Basin. Gobi Desert.

Type specimen , G.I. No.DPS 100/1 I
(Sec also Plates XXIX, Fig. 3, PI. XXXI, Fig. I , XXX II , XXXIII)

Fig. I. Ster eo-photograp h of the brain case, a - latera l (somewhat oblique) view, b - occipit al view, c - an ­
ter ior view with the "bulbo us str ucture", d - anterior view. the ,.bulbous structure", pterygoids and
postorbitals removed ; X 0.5.

Ph ot o: lt", Skoriynsk i
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Gallimimus bullatus n. sp.. . . . . . . . . . . 105.
Uppe r Cretaceous, Upper Nemegt Beds, Tsagan Khushu, Nemegt Basin , Gobi Desert.

Type specimen , G .I.No.DPS 100/11

Fig. 1. Left humerus, a - anterior view, b - medial view. c - lateral view, d - posterior view; x 0.33.

Phot o: W . S k ariynsk i
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Gallimintus bullatus 11. sp. . . .
Upper Cre taceous, Upper Nemegt Beds, Tsagan Kh ushu, Nernegt Basin, G obi Desert.

Type specimen, G .I. No.DPS lOO,'11

Fig. 1. Right ma nus with a carpal, dorsa l view ; x 0.5.
Fig. 2. Right ulna , a - anterior view, b - posterior view. c - later al view; :< 0.33 .
Fig . 3. Left ulna , somewhat damaged, a - ante rior ViCII', b - poste rior view, C - lateral view; . 0.33.
Fig. 4. Left rad ius. a - anterio r view, b - posteri o r view, C - lateral view: " '.' 0.33.

Photo: IV. Skarzynsk i
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Gallintimus bullatus n. sp. . . . . . . . . . . . . . 105
Upper Cr etaceo us. Upper Nc megt Beds. Ncmegt. ~'k l11eg l Basin. G obi Desert. Z .Pa I.No .Mg.D -I/94.

Young spec imen . be fore the final prepa ra t ion . Distal segme nts of tile hind limbs and pa rt of the ta il rem oved .

PJWIU: IV. Skariynsk i
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Gallimimus bullatus n. sp. . . . . . . . . . . . . . 105
Uppe r Cretaceous, Upp er Nc rncgt Beds , Ncm cgt, Ne rncgt Basin , Go bi Desert. Z.PaI.No.Mg.p-I /94

Fig . 1. Stereo-pho tograph of the axis and third cervica l verteb ra, a - lateral view, b - dorsal view, c - ventral
view ; x 0.5. Sec also Plate LII , F ig. 1.

Fig. 2. Ste reo-photograp h of the fourth cervical vertebra, a - latera l view, b - dorsal view, c - ventral view;
>~ 0.5. See also Plate LII, Fig. 3.

Fig . 3. Stereo-photograph of the fifth and sixth cervical vertebrae, with ribs attached, a - lateral view, b - dorsal
view, c - vent ral view; x 0.5.

Fig. 4. Stereo-photograph of th e seventh and eighth cervical vertebrae, the former with right rib att ached,
a - lateral view, b - dorsa l view, c - ventral view ; >< 0.5. See also Plat e LIl, Fig . 4.

Fig. 5. Stereo-photograph of the ninth cervical vertebra (inverted negative), a - lateral view, b - dorsal view,
c - ventral view; x 0.5.

Photo: ~v. Sk arsynstci
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Gallimitnu s bullatus n. sp. . . . . . . . . . . . .. 105
Uppe r Cretaceous, Up per N crneg t Beds. Ncmcgt , Ncrn cgt Basin, Gobi Deser t. Z .PaLNo .Mg .D -I/94

Fig . I. Stereo -pho tograph of the tent h cervica l a nd first to th ird dorsal vertebrae. a - lat eral view, b - do rsal
view, c - ventra l view ; x 0.5.

Fig. 2. Stereo -photograph of the twelfth dor sa l vertebra . (/ - - later a l view. b .- do rsal view, c - ven tra l view;
X 0.5.

Fig. 3. Lateral view of th e cau dal chevrons, a - fi rst, b - twelfth , c - thirt eenth, d - sixteen th, e - nin e­
teent h; x 0.5.

Photo: W. Skari ynski



Palaeontologia Polonica, No. 27, 1972 PI. XXXIX

.,

a

..
." '

b
e

3

d e

2b

le

2a

2e

2b

le

2a

2e

1b la Ib la

H. OSM OLSKA. E. R ONIEWI CZ & R . B ARSBOLD : A NEW DI NOSAUR G ALLlM IMUS BULLATUS



Palaeontologia Polonica, No . 27, 1972

H . OSMOLSKA, E. RO NI EW ICZ & R. BARSBOLD: GA L LI ,H / ,HUS BULLATUS N. SP.

PLAT E XL

Gallintlmus bulla/us n. sp . . . . .
Upper Cretaceous, Upper Ncmcgt Beds . Nem egt, Nem cgt Basin , Go bi Desert. Z.PaI.No.Mg.D- Ij94

Fig . 1. Stereo-photograph of the fourth to sixth dorsa l verte brae (with fragment s of the neur al arch o f the pre-
ced ing dorsal) , a - do rsal view, b - la tera l view. c - ventra l view : 0.5.

Fig. 2. Stere o-photograph of the seventh to ten th dor sal ver tebrae . a - do rsal view. b - lateral view, c -- ven-
tral view; x 0.5. •

Fig. 3. Stereo-photograph of the eleventh dorsa l ver teb ra , a - dorsal view, b - lateral view, C - vent ra l view;
x 0.5.

Phot o: J,V. Skari ytiski
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Gallimimus bullatus n. sp. . . . . . . . . . . . . . 105
Upper Cretaceous. Upper Ncmegt Beds, Ncmc gt, Ncmcgt Basin . Gobi Desert. Z.PaI.No.Mg.D-I/94

(See also Plate s XLII , XLIII)

Fig. I. Stereo-ph otograp h of the third to eighth caudal vertebrae, dorsal view; ;.;0.5.
Fig. 2. Stereo-photograph of the ninth to fourteenth caudal vertebrae, dorsal view; x 0.5.
Fig. 3. Stereo -photograph of the fifteenth to twenti eth caudal vert ebrae , dorsal view; x 0.5.
Fig. 4. Stereo-photograph of the twenty-first to twenty-fifth caud al vertebrae, dor sal view; x 0.5.

Photo: JV. Sk ar iynski
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Gallimimus bullatus n. Sp. . . . . . . . . . . . .. 105
Upper Cretaceous , Upper Nernegt Beds, Nemegt , Nemegt Basin, Gobi Desert. Z.PaI.No.Mg.D-I/94

(See also Plates XU, XUIl)

Fig. 1. Stereo-photograph of the third to eighth caudal vertebrae, lateral view; x 0.5.
F ig. 2. Stereo-ph otograph of the ninth to four teenth caudal vertebrae, lateral view; >; 0.5.
Fig. 3. Stereo-photograph of the fifteenth to twentieth caudal vertebrae , lateral view; x 0.5.
Fig. 4. Stereo- photog raph of the twenty-first to twenty-fifth caud al vertebrae , lateral view; x 0.5.

Photo : W . Skarzytiski
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Galli111i11111S bullatus n. sp.. . . . . . . . . . . . . 105
Upper Cretaceous. Upper Nemegt Beds, Nemegt, Ncrnegt Basin. Gobi Desert. Z.PaI.No.Mg.D- I/94

(See also Plates XLI , XLII)

Fig . 1. Stereo-photograph of the th ird to eighth caudal vertebrae, ventra l view: ;<0.5.
Fig . 2. Stereo-photograph of the ninth to fourteenth caudal vertebrae. ventra l view; x 0.5.
Fig. 3. Stereo-photograph of the fifteenth to twenti eth caudal vertebrae. vent ral view; :-:0.5.
Fig. 4. Ste reo-photograph of the twenty-first to twen ty-fifth caudal vert ebrae, ventral view; x 0.5.

Photo: ~v. Skar=)'IIJ!.: i
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Gallimitnus bullatus n. sp. . . . . . . . . . . . .. 105
Upper Cretaceous , Upper Nemegt Beds, Tsagan Khushu , Nernegt Basin, Gobi Desert. Z.PaI.No.Mg .D-I /I

Fig. I. Second to eleventh caudal verteb rae, a - lateral view, b - ventral view, c - dorsal view; x 0.33.
Fig . 2. Twelfth to twenty-first cauda l vertebrae, a - latera l view, b - vent ral view, c - dorsal view; x 0.33.
Fig . 3. Twenty-second to thirty- sixth caudal vert ebrae, a - lateral view, b - ventral view, c - dorsal view;

x 0.33.

Photo : Jr. Skarzy nsk i
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Gallimimus bullatus n. sp.. . . . . . . . . . . . . 105
Upp er Cretaceous, Upper Ncmcgt Beds, Nemegt, Ncmegt Basin, Gobi Desert. Z.PaI.No.Mg.D-Ij94

Fig. I. Stereo-photograph of the pelvis and both femora in origina l arrangement , lateral view: >: 0.2. See also
Platc XLV I.

Fig. 2. Ilia with sacrum, distal dor sals and pro ximal caudals, a - dor sa l view, b - stereo-photograph of the
same specimen in ventral view: ;< 0.25.

Fig. 3. Ster eo-photograph of the right ulno-radius with frag ments of the mctacarpals, medial view; x 0.5.

Ph oto: IV. Sk ari ynsk i
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Galliniinnis bullatus n. sp. .
Upper Cre taceous. Upper Nc rn cg t Beds. Ne ru egt . Ncnicg: Basin. G ob i D esert . Z .Pa I.No.M g.D- Ij94

Fig. I. Stereo-photograph of the Icft femur, poster ior view : . 0.5. Se ; a lso Plates XL YIl . Fig . 2. X Lvur , Fig . 2.
Fig. 2. Stereo-p hotograph of the rig!1' femur. posterio view: .. 0.5. See :11<0 Plates X LVi I. Fig . I, XLVII I,

Fig. L
Fig. 3. Pubis. a -- anterio r view. b - late ra l view, c -- posteri or view: . 0.25.
Fig. 4. Ischium. a -. -- posteri or view, b - anterio r view: 0.25.

Photo: H', Ska riynski
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Gallimimus bullatus n. sp.. . . . . . . . . . . .. 105
Upper Cretaceous, Upper Nemegt Beds, Nemegt, Nemegt Basin, Gobi Desert. Z.PaI.No.Mg.D-I/94

Fig. 1. Stereo-photograph of the right femur, anterior view; ;<0.5. See also Plates XLVI, Fig. 2, XLVIII, Fig. I .
Fig. 2. Stereo-photograph of the left femur, anterior view; 0.5. See also Plates XLVI , Fig. 1, XLVIII, Fig. 2.
Fig. 3. Stereo -photograph of the right tibio-fibula with astragalus and calcaneum, a - anterior view, b - pos-

terior view; x 0.5. See also Plate XLVIII, Fig. 3.

Photo: W . Skarzynski
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Gallimimus bullatus n. sp. . . . . . . . . . . . .. 105
Upper Cretaceous, Upper Ncmcgt Beds, Nernegt , Nc mcgt Basin. Gobi Desert. Z.PaI.No.Mg.D -T!94

Fig. I. Stereo-pho tograp h of the right femur, media l view; >' 0.5. Sec also Plates XLVI, F ig. 2, XL VII , Fig. I.
Fig. 2. Stereo-photograph of the left femur, media l view; . 0.5. See aiso Plates XLVI, Fig. I , XLV II, Fig. 2.
Fig. 3. Stereo-photo graph of the right t ibio-Ilbu la with astraga lus and calcaneum . (/ - medial view, b - lateral

view; /( 0.5. See a lso Plate XLVII, Fig. 3.

Photo: W. Sk ariynski
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Gallintintus bullatus n. sp.. . . . . . . . . . . .. 105
Upper Cretaceous. Upper Ncmegt Beds. Nernegt, Ncmegt Basin. Gobi Desert. Z.PaI. No.Mg.D-I /94

Fig. I. Right pes (metatarsal I V somewhat displaced), a - dor sal view. b -- ventral view: 0.5 .
Fig . 2. Fragments of the left pes, a - dorsal view, b - ventra l view : . 0.5.

Photo: IV. Ska r:=y t;ski
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Galliniimus bullatus n. sp. . . . . . . . . . . . 105
Upper Cretaceous. Upper Nemegt Beds, Bugeen Tsav, Gobi Desert . G.I.No.DPS 100/10

Fig. 1. Right ilium with sites of attachments of the sacral ribs marked (S \-S5), above, a disarti culated ?thi rd
sacral vertebra visible, med ial view; x I.

Fig. 2. Pub is, left lateral view; x I.
Fig. 3. Ischium, left lateral view; x 1.

Photo : W. S korzynsk i
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Gallimitnu s bullatus n. sp. . . . . . . . . . . . 105
Upper Cretaceous, Upp er Nem egt Beds, Bugeen Tsav, Gob i Desert. G .I. No.DPS 100/10

Fig. I. Left femur, a - poste rior view, b - ant er ior view: x I.
Fig. 2. Left tibio -fibula, a - anterior view, b - lateral view; :< I.
Fig. 3. Right metatarsu s, dorsal view; :< I.

Photo : W. Skarzystsk i
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Galliminut s bulla/lis 11 . sp . . . . . . . .
Upper Cretaceou s. Upper Nemcgt Beds. Nerneg t Basin . Gobi Desert

Fig . I. Atlas, a - dorsal view. h - lateral view, C - ante rio r view. Tsagan Kh ushu . Type specimen. G .I.No.
D PS 100/11; >. I.

F ig. 2. Axis. a - dorsal view, b - latera l view. c - ant er ior view. d - ventra l view; /' I . See a lso
Plate XXXVIII . Fig. I.

Fig. 3. Fourth cervical vert ebr a , a - dorsa l view, b - lateral view, c - anterior view, d - posterior view ; >: I.
See a lso Plate XXX VIII , F ig. 2.

Fig . 4. Eighth cervical vert ebra. a - dorsal view. b - lateral view, c - anterior view. d - posterior view;
x I. See also Plate XXXV III, Fig. 4.

Fig. 5. Fir st dorsa l vertebra. a - dorsal view, b - late ra l view : /: I . See a lso Plate XXX IX, Fig. I .

Figs. 2-5 : Nemegt. Z.PaI.No.Mg.D-l j94

Drown by A:. RudzY'iska
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Gallimimus bulla tus n. sp.. . . . . . . . . . . . . 105
Upper Cretaceous, Upper Nernegt Beds, Nerncgt, Nem egt Basin, Gobi Desert. Z.Pa I.No.Mg.D-Ij94

Fig. I. Twent y-second caudal verteb ra, a - dorsal view, b - lateral view, c - anterior view, d - posterior
view; x I. See also Plates XLI, Fig. 4, XLII. Fig. 4, XLIII , F ig. 4.

Fig. 2. Thirteenth caudal verteb ra, a - dorsal view, b - latera l view, c - anterior view, d - posterior view;
x I. See also Plates XLI , Fig . 2, XLII , Fig . 2. XLIII , Fig. 2.

Fig. 3. Seventh caudal vertebra, a - dorsal view, b - lateral view, c - anterior view, cl - posterior view;
x I. See also Plates XLI , Fig . I, XLII , Fig. 1. XLIII, Fig . I.

Fig . 4. Twelfth dorsal vertebra, a - dorsal view, b - lateral view, a - anterior view, d - posterior view; x 1.
See also Plate XXXIX, Fig. 2.

Drawn by K . Budz yn ska
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