
New information on Shanshanosaurus
huoyanshanensis, a juvenile tyrannosaurid
(Theropoda, Dinosauria) from the Late Cretaceous
of China

Philip J. Currie and Dong Zhiming

Abstract: Shanshanosaurus huoyanshanensis from the Subashi Formation (Upper Cretaceous) of Xinjiang in northwestern
China has long been thought of as a distinctive genus of small theropod. Although usually assigned to its own family,
it has generally been included in the tyrannosaurid subfamily Aublysodontinae in recent years. Restudy and description
of the only known specimen reveal that it is not a small species, but is a juvenile tyrannosaurine, possibly Tarbosaurus.
With a total estimated length of 2.3 m, it is the smallest tyrannosaurid skeleton known. Shanshanosaurus provides the
best information available on ontogenetic changes in these enormous carnivores and reveals that young tyrannosaurids
had long, low skulls, huge pubic boots, and well-developed limb joints. Evidence suggesting that young tyrannosaurs
had relatively longer forelimbs than the adults is not supported by Shanshanosaurus.

Résumé : Shanshanosaurus huoyanshanensis de la Formation de Subashi (Crétacé supérieur) de Xinjiang dans le nord-ouest
de la Chine a longtemps été considéré comme une espèce distincte d’un petit Théropode. Bien qu’il soit habituellement
assigné à sa propre famille, au cours des dernières années il a généralement été inclus dans la sous-famille Aublysodontinae
des tyrannosauridés. Une nouvelle étude et la description du seul spécimen connu révèlent qu’il ne s’agit probablement
pas d’une espèce petite mais d’un Tyrannosaurinae juvénile, possiblement un Tarbosaurus. Avec sa longueur totale estimée à
2,3 m, il représente le plus petit squelette de tyrannosauridé connu. Shanshanosaurus procure la meilleure information
disponible sur les changements ontogénétiques survenus dans ces carnivores énormes et révèle que les jeunes tyrannosauridés
avaient des cranes bas et longs, des jointures de membres bien développées et un très grand élargissement de l’extrémité
distale du pubis. Shanshanosaurus ne montre pas d’évidence suggérant que les jeunes tyrannosaures aient des membres
antérieurs relativement plus longs que les adultes.

[Traduit par la Rédaction] 1737

Currie and DongIntroduction

Between 1964 and 1966, a field party of the Institute of
Vertebrate Paleontology and Paleoanthropology (IVPP) collected
fossil specimens and data in the Turpan Basin of Xinjiang,
northwestern China. In the Late Cretaceous Subashi Formation
(Dong 1992) at Lianmuqin in Shanshan County, the field
party found what became the type and only specimen of
Shanshanosaurus huoyanshanensis Dong 1977. IVPP V4878
includes a partial skull, most of the presacral vertebral
column, ribs, gastralia, the right scapulocoracoid and
humerus, one of the pubic boots, the right humerus, and
parts of both tibiae.

Shanshanosaurus was described as a mature specimen of
a small theropod dinosaur (Dong 1977). Paul (1987, 1988)
was the first to identify this animal as a tyrannosaurid and

felt that it was a small, gracile form that should be assigned
to the subfamily Aublysodontinae. However, additional
preparation revealed that many of the sutures were not
fused, as they were originally thought to be. This in turn
suggested that IVPP V4878 might be a juvenile of a large
tyrannosaurid. Two other tyrannosaurids (Tarbosaurus,
Alioramus) are known from beds of equivalent age in Mongolia
(Currie 2000). Although good skeletons of these animals
come from sites that are almost 1000 km to the east, no
known physical barriers separated these regions in Late Cre-
taceous times. As part of a more extensive reexamination of
tyrannosaurid systematics, the holotype of Shanshanosaurus
was restudied.
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Description
The preserved part of the skull is limited to the maxilla

and lower jaw. The premaxilla and postorbital identified by
Dong (1977) can no longer be found with the type material,
but the latter appears to have been a rib head.

Most of the right maxilla (Fig. 1C) is preserved, although
the right mandible covers many of the maxillary teeth. The
maxillary tooth count of eight given by Dong (1977) only
includes the bases of the teeth that can be seen and is not a
complete count. The right maxilla is 18 cm long and 7.5 cm
at its highest point. As in Tarbosaurus (Figs. 1A, 1B),
Daspletosaurus, and Tyrannosaurus (Molnar 1991), there is
a large maxillary fenestra, and the promaxillary fenestra is
tucked up beneath the anterior rim of the antorbital fossa.
The antorbital fossa only reaches the top of the maxilla close
to the back of the posterodorsal lacrimal–nasal process. This

character is unique to tyrannosaurids, as it excludes the nasal
from participating in the antorbital fossa. The ventral alveolar
margin is only weakly convex, whereas this convexity is
strong in all large tyrannosaurids.

The long, low, gracile jaw of Shanshanosaurus (Fig. 1C)
looks similar to those of other juvenile tyrannosaurids. This
is because all tyrannosaurs exhibit a high degree of positive
allometry for jaw depth during growth (Carr 1999). The jaw
of Shanshanosaurus is proportionally similar to that of TMP
94.12.155 (Fig. 1D), which consists of a pair of jaws of a
slightly larger animal (probably Gorgosaurus libratus, judging
from the number of tooth positions).

The dentary is exposed in medial view (Fig. 1C). The
symphyseal region tapers anterodorsally, and the dentigerous
dorsal margin is shallowly concave when viewed medially.
The dentary becomes deeper posteriorly. The Meckelian
canal passes between the dentary and splenial to become the
medially open Meckelian groove, which is shallow, as in all
other theropods except troodontids (Currie 1987). The number

Fig. 1. (A, B) Maxillae of young Tarbosaurus (GIN 100/177). (C) Cranial elements of Shanshanosaurus (maxilla and mandible).
(D) Mandible of young Gorgosaurus (TMP 94.12.155).

0

5

25

75

95

100

0

5

25

75

95

100

0

5

25

75

95

100

0

5

25

75

95

100

J:\cjes\cjes38\cjes-07\E01-003.vp
Wednesday, November 14, 2001 7:43:57 AM

Color profile: Disabled
Composite  Default screen



of tooth positions, unfortunately, cannot be seen without
additional preparation.

The triangular splenial is a thin, vertical plate of bone. In
medial view, the posterior margin is concave where it forms
the anterior margin of the internal mandibular fenestra. The
large size of the mylohyoid fenestra, which is about 5 mm
long in IVPP V4878, is characteristic for tyrannosaurids.
The anterior mylohyoid fenestra is open ventrally as in some
specimens of Tarbosaurus (Maleev 1974), whereas in some
other tyrannosaurid specimens, including Gorgosaurus
(TMP 91.36.500) and other specimens of Tarbosaurus
(Hurum and Currie 2000), the ventral border is closed, sug-
gesting that this feature may be ontogenetically controlled.

An elongate supradentary bone covered the interdental
blades and bases of the alveoli. As in Tarbosaurus (Hurum
and Currie 2000), it did not cover the bases of the first two
dentary teeth.

The articular had separated from the surangular, which
would be expected in a juvenile. The surangular is a deep
bone that formed the posterodorsal margin of the relatively
small external mandibular fenestra. A distinctive tyrannosaurid
character of Shanshanosaurus is the large posterior
surangular foramen–fenestra. Posterodorsal to the fenestra,
there is a hook-like process on the medial surface that
contacts the lateral surface of the prearticular and forms the
posterior margin of the adductor fossa. Most of the medial
surface of the surangular’s contribution to the retroarticular
process was in contact with the articular. Dorsally the
surangular forms half of the lateral depression of the glenoid
to articulate with the lateral condyle of the quadrate. There
is a depression close to the anterodorsal corner of the medial
surface for the coronoid (Fig. 1C), as in Tarbosaurus
(Hurum and Currie 2000) and other tyrannosaurids.

There is one loose tooth crown that is 14.4 mm long with
a fore–aft base length (FABL) of 9.0 mm and a basal width
of 3.9 mm. The tooth is laterally compressed, and because
the anterior carina extends to the base, it is probably a
maxillary tooth. Its size suggests that it was from the back of
the jaw. The anterior carina curves lingually about 5 mm
from the bottom, suggesting the tooth is from the right
maxilla. Denticles are found on both carinae, although those
on the posterior one are larger. There are 18 anterior denticles
per 5 mm compared with 14 denticles per 5 mm on the poste-
rior carina. However, the posterior denticles are much longer,
reaching a maximum length of about 0.33 mm, whereas the
anterior denticles are only 46% of that length. There are no
blood grooves, such as have been described for
tyrannosaurids (Currie et al. 1990), although this is a highly
variable feature even within single individuals. The posterior
denticles become smaller near the base of the tooth. The lon-
gest denticles are somewhat chisel shaped distally but tend
to hook more towards the tip of the tooth as in
velociraptorines and juvenile tyrannosaurids.

The holotype of S. huoyanshanensis includes most of the
presacral vertebrae (Figs. 2–4). Other than the atlas and axis,
it is difficult to determine the sequence of the fragmentary
vertebrae, many of which are distorted. Parts of at least 22
vertebrae are represented, and amongst the assorted fragments
there is one cervical postzygopophysis with an epiphysis
that does not seem to fit on any of the existing vertebrae.
There is, therefore, every reason to assume that

Shanshanosaurus had the normal theropod presacral vertebral
count of 23.

All centra are narrow-waisted and biconcave. The separation
of the odontoid from the axis and the presence of visible
suture between the neural arches and centra indicate that
IVPP V4878 was an immature individual.

The odontoid (atlas centrum) was attached to the axis
when the specimen was collected, but was not fused to it
(Fig. 2). It rested in a hollow in the upper part of the
centrum below the neural canal and anteriorly overlapped
the bases of the neural arch internally. It is 6.0 mm wide and
9.9 mm deep. The anterior surface has a continuous convex
surface that faced somewhat vertically. The ventral region of
the odontoid is divided medially by a shallow groove that
passes through a notch on the ventral margin (Fig. 2B). The
notch lines up with a small shallow pit on the anterior face
of the centrum of the axis that represents the notochordal pit.
It is lower in position than a depression that Ostrom (1969)
suggested might be a notochordal pit in the odontoid of
Deinonychus. IVPP V4878 supports Ostrom’s second
suggestion that the depression might simply represent the
point of contact with the occipital condyle. The dorsal
surface of the odontoid is nearly flat in transverse section
and shallowly concave in longitudinal section.

The odontoid rests inside the depression on the anterior
face of the axial centrum between the bases of the neural
arch (Fig. 2A). Like the other cervicals, the axial centrum
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Fig. 2. Shanshanosaurus huoyanshanensis, IVPP V4878. Axis and
odontoid in anterior (A, B), posterior (C), right-lateral (D), left-lateral
(E), and ventral (F) views.
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has a distinct rim around the margins of the intervertebral
articulating surfaces. It is 22.3 mm long, 19 mm high,
22.4 mm across at the parapophyses, and 13.1 mm wide at
midlength. The ventral surface of the centrum is relatively
broad (Fig. 2F) and lacks the ventral keel found in more
primitive theropods like Ceratosaurus (Gilmore 1920),
Dilophosaurus (Welles 1984), and Syntarsus (Rowe 1989).
The anterior surface of the centrum, when viewed laterally
(Figs. 2D, 2E), forms an acute angle with the ventral mar-
gin, whereas the posterior surface is perpendicular to the
bottom. There is one pleurocoel on the left side (diameter =
2.9 mm) and two on the right side (both of which have di-
ameters of about 2.5 mm). No pleurocoels are found in the
axial centra of Dilophosaurus (Welles 1984) and Syntarsus
(Rowe 1989), although most other theropods seem to have at
least one pleurocoel (Currie and Zhao 1993). The axial neu-
ral spine was eroded in IVPP V4878 but appears to have been
relatively short anteroposteriorly, as in Deinonychus (Ostrom
1969), tyrannosaurids (Maleev 1974), and other
coelurosaurs. It would not have extended anterior to the
prezygopophysis, as it does in more primitive theropods like
Coelophysis (Colbert 1989) and Dilophosaurus (Welles
1984). The prezygopophysis extends forward as a tongue-
like lappet that overhangs the anterior margin of the suture
between the centrum and the neural arch. The articular facet
is 10.3 mm by 5.5 mm and it’s longitudinal axis is inclined
posteriorly, dorsally, and medially. Only the base of the left
postzygopophysis is preserved, but it clearly had a much
larger articular facet. The diapophysis is a small, ventrally
oriented process that ends in an oval articular surface
1.5 mm by 3.1 mm for the rib.

For the purposes of description, the fragmentary
presacrals were arranged in their most logical sequence and
assigned numbers from A to O, which correspond to in
Figs. 3A–3O. It is highly likely that some of these are out of
sequence.

The presacral vertebrae show considerable variation in
length, ranging from 21.2 mm in an anterior cervical to
38.7 mm in a posterior dorsal. Most intervertebral articulations
are about 23 mm across, although posterior central width
increases to almost 32 mm in the posterior dorsals. Centra
are constricted at midlength, reaching extremes in the vertebrae
figured as Figs. 3G–3I.

All vertebrae have amphicoelous centra. Each cervical is
invaded anterolaterally by a single large pleurocoel, found
posterodorsal to the parapophysis. In the most anterior
cervicals, relatively deep pits surround the pleurocoels. At
least three of the cervical centra are strongly angled, so the
anterior intervertebral articulation is positioned higher than
the posterior articulation on the same vertebrae. Similar
angling can be seen in other theropods with arched necks,
including tyrannosaurids (Maleev 1974; Molnar and Farlow
1990; Carpenter 1990).

The only evidence of a neural spine can be seen on vertebra
A (Fig. 3A), which is an anterior cervical. This neural spine
is short but anteroposteriorly long. Two other cervicals seem
to lack neural spines altogether and, in this sense, are similar
to most coelurosaurs. Cervical vertebra A (Fig. 2A) has a
sharply angled centrum. Its narrow dimensions and the high
position of the parapophysis suggest that this was the third
or fourth cervical. There is a small pleurocoel (2.7 mm long)

immediately above the parapophysis. The elongate
prezygopophysial facet is almost horizontal and is positioned
almost parallel to the central longitudinal axis of the vertebrae.
The anterior margin of the neural arch between the
prezygopophyses and the posterior margin between the
postzygopophyses are both emarginated but are still separated
by 21.4 mm. There is a low neural spine that splits into a
pair of ridges that extend into the dorsal surfaces of the
postzygopophyses. Although the distal ends of the
postzygopophyses are not preserved, the base of the
epipophysis is preserved on the left side. Like the axis, the
ventral surface is convex in section but not keeled.

Figure 3B represents an anterior cervical or mid-cervical
with a highly angled centrum. The parapophysis is large
(10 mm × 9 mm articular facet), extends slightly below the
anterior intervertebral articulation, and is extended outwards
from the margin of the centrum by a short pedicel. The articular
facet is deeply concave. Ridges extend anteromedially from
the prezygopophyses to meet on the midline. The ridges are
joined ventrally by a shelf of bone that roofs the neural canal
and forms on the floor of a deep hollow behind the
anteroposteriorly short neural canal. Although the neural
spine is not preserved, the fact that the base was only
3.9 mm long suggests that it was not very tall. The
postzygopophyses were not preserved, although there is a
deep pocket between them, the floor of which formed
another shelf over the neural canal. The distance between the
margins of the anterior and posterior shelves is 18 mm on
the midline over the neural canal. The pleurocoel is found in
a deep pocket (11 mm anteroposteriorly), and there appears
to be a second pneumatic opening leading up into the neural
arch. The ventral surface is flat in cross section and does not
have a keel. There is a sharp inflection separating the lateral
and ventral surfaces of the centrum except at the
intervertebral articulations. The transverse process is oriented
downwards and slightly anterolaterally. The base of the neural
arch posterodorsal to the diapophysis has a distinct depression
that was bound above by a ridge running between the anterior
and posterior zygopophyses and posteriorly by a ridge rising
vertically from the posteroventral corner of the neural arch.

One of the best-preserved cervicals is C (Fig. 3C). Like
vertebra B, the parapophysis is low on the anteroventral margin
of the centrum, and the short pedicel also carries the ventral
margin of the articular facet to a level lower than the anterior
intervertebral facet. The ventral surface of the centrum is flat
and keel-less. The pleurocoel is again found in the bottom of
a large pneumatic depression. The parapophysis and
diapophysis are more widely separated than in vertebra B,
and the transverse process has a more lateral inclination. The
ridges are developed better on the neural arch. Ridges rise
from the anteroventral and posteroventral corners of the neural
arch, where it contacts the centrum and converge dorsally to
support the base of the transverse process. The depression
posterodorsal to the transverse process is bound anteriorly,
medially, and dorsally by a ridge that curves from the transverse
process to the postzygopophysis and posteriorly by a ridge
connecting the postzygopophysis to the posteroventral corner
of the neural arch. This depression is subdivided into two
deeper pits by a posterodorsally inclined ridge. Both pits
presumably house pneumatic foramina that penetrate into
the exterior of the neural arch. In dorsal view, ridges cross
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between the zygopophyses to form an “X.” There is no
evidence of a neural spine in this vertebra. As in vertebrae A
and B, there is a shelf of bone between the prezygopophyses
and another between the postzygopophyses. The distance be-
tween the anterior and posterior shelf margins is 18.5 mm.
The hollow formed by the arms of the X and the anterior
shelf is longer and wider than the posterior hollow, which is
deeper. The prezygopophysis is inclined at an angle of 30–
40° from horizontal.

Vertebra D (Fig. 3D) consists of a centrum and the base of
the left side of the neural arch. The parapophysis is slightly
higher in position, and the ventral surface is convex in cross
section with a low longitudinal ridge on the midline. There
are a pair of closely associated pneumatic foramina, the
larger of which has a diameter of 3.8 mm. The pair sits in
the anterior part of the floor of a deep depression that is
about 10 mm long and occupies most of the lateral surface
of the centrum. The neural canal is hourglass shaped in dorsal
view.

Vertebra E (Fig. 3E) is a well-preserved mid- or post-

cervical. It may actually precede vertebra D because it has a
relatively flatter ventral surface on the centrum, even though
it also has a ventral keel posteriorly. The parapophysis is
again on a short pedicel that is at the bottom of the anterior
intervertebral articulation. Most of the lateral surface of the
centrum is invaded by a large depression, and the pleurocoel
is a large opening in the anterior part of it with a diameter of
5.7 mm. There is practically no neural spine on this vertebra,
just a low bump in the intersection of the dorsal X formed
by the zygapophyseal ridges. The transverse process seems
to have been more or less horizontal and level with the
upper part of the neural arch. Ridges on the dorsal surfaces
of the postzygopophyses overhang the medial depression as
they converge on the neural spine. The anterior wall of the
depression is pitted, presumably for stronger ligamentous
attachments. A small bump on the dorsal surface of the
postzygopophysis represents the epipophysis.

Vertebra F is a well-preserved centrum with the base of
the neural arch. The keel is strong on the ventral surface of
the centrum, and the parapophysis is relatively high on the

Fig. 3. Shanshanosaurus huoyanshanensis, IVPP V4878. Presacral vertebrae in left-lateral (A–O) and posterior (lower part of L) views.
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centrum. There is a strong ridge extending from the
posteroventral corner of the neural arch to support the transverse
process. A pneumatic foramen is positioned in a deep pit
anterior to this ridge and ventral to the transverse process
(Fig. 3F). Another pneumatic foramen seems to invade the
base of the prezygopophysis on the right side. The main
pleurocoel in the centrum is large (6.2 mm
anteroposteriorly). The transverse process is higher than any
of the other vertebrae in the sequence. Both the anterior and
posterior surfaces of the neural arch have deep depressions,
and the separation between the anterior and posterior margins
of the shelves that floor them is 7.7 mm. The neural arch
must have been very short anteroposteriorly.

Vertebrae G, H, and I (Figs. 3G, 3H, 3I) are elongate and
have highly arched ventral margins. The centra seem to have
parapophysis that are positioned high on the centra, just
below the anteroventral limit of the base of the neural arch.
This suggests that they are dorsals. However, the centra lack
pleurocoels and each has a pair of low ventral ridges,
suggesting alternatively that they may be anterior caudals.
Their elongate shapes and the presence of a pair of ventral
ridges on each support this supposition. However, the presence
of parapophysis on the anterior margins of the centra and the
lack of facets for chevrons argue against this interpretation.
Because their identification cannot be resolved at this time,
they will be ignored for the rest of this paper.

J is part of a neural arch of a dorsal vertebra that was
originally overlying the neural arch of vertebra K. Therefore,
it is safe to assume that J and K were adjacent vertebrae.
The transverse process in this vertebra was higher than the
prezygopophysis. The bottom of the fragment seems to coincide
with the suture between the neural arch and the centrum.

K is a dorsal vertebra with a well-developed keel. Unfor-
tunately, it needs more preparation, but what can be seen of
the neural arch looks much like that of vertebra J. The
parapophysis is no longer on the centrum, suggesting that it
was an anterior mid-dorsal. The pleurocoel is closer to the
anterior margin of the centrum than to the posterior margin.
The right pleurocoel seems to have been larger (5 mm) than
the left pleurcoel (3.1 mm).

Vertebra L is a neural arch only (Fig. 3L). Like vertebra J,
it is invaded by pneumatic depressions anteroventral to the
infrapostdiapophysial lamina, which extends between the
transverse process and the posteroventral corner of the neural
arch.

Four anterior dorsals are associated with an unprepared
block  of  ribs  and  pectoral  bones  (Fig.  4).  Only  the  most
posterior of the series is visible enough to reveal a
pleurocoel near the front of the centrum. They would have
been preceded by vertebra F, but their relationship to vertebrae
G–L is not clear.

Vertebra M is a posterior dorsal centrum (Fig. 3M), which
is high and narrow sided. The neural canal is relatively
small, and the base of the transverse process originates
higher than the neural canal. As in all of the more anterior
vertebrae, the neural arch suture extends from the anterior to
the posterior intervertebral sutures. The pleurocoel is closer
to the posterodorsal side of the centrum.

In vertebra N, the base of the prezygopophysis is
preserved, as is the base of the parapophysis low on the
neural arch of the left side. Lastly, in vertebra O (Fig. 3O),

the posterior zygopophyses are preserved. They are near
horizontal and are separated by a hyposphene. The pleurocoel
is small and positioned close to the posterior margin of the
centrum.

Several ribs (Fig. 4), most of them dorsals, were found
with the type specimen. A single fragment represents the left
rib of an anterior cervical. The tubercular and capitular
facets are well developed and were separated by 7.1 mm.
The tubercular facet is bean-shaped (10 mm × 5 mm) and
has a convex surface. The flat-surfaced, oval capitular measures
6.4 mm × 5.2 mm. Both the anterior process, which would
have been relatively short and tapering, and the rib shaft
(maximum shaft diameter is 8.6 mm at the base) were not
preserved. The internal surface of the rib head is convex and
includes a number of deeper depressions that may have
housed pneumatic diverticula, but as in most theropods they
did not penetrate the bone. In overall shape, the dorsal ribs
match those of larger tyrannosaurids (Fig. 4).

The scapula and coracoid were found articulated. The
elongate, strap-like scapular blade is 138 mm long, has a
shaft width of 15 mm, and expands distally to 28 mm. There
is a well-developed anteroproximal acromial process, char-
acteristic of tyrannosaurids. Posteriorly, the scapula forms
about two thirds of the margin of the posteriorly oriented
glenoid. The greater involvement of the scapula in the formation
of the glenoid is characteristic for tyrannosaurs (Molnar et
al. 1990). The coracoid is a large, rounded plate of bone
with a relatively small coracoid foramen close to the contact
with the scapula.

The right humerus of IVPP V4878 (Fig. 5) is 88.8 mm
long, with a shaft diameter of 7.3 mm (transverse) by
6.6 mm (anteroposterior). The proximal end is incomplete,
the inner trochanter and part of the head having been broken
off. The distal end is 8.0 mm. The deltopectoral crest is broken
laterally, but would have extended down the shaft 24 mm
(27% of the length of the bone), and projected at right
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Fig. 4. Unprepared slab of Shanshanosaurus bones (IVPP
V4878), showing four presacral vertebrae, four dorsal ribs,
gastralia (g), and the scapulocoracoid (S).
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angles at least 5.7 mm from the anteromedial margin of the
shaft. The hollow shaft of this slender bone is only slightly
curved.

Distally, the radial condyle is 7.8 mm anteroposteriorly,
compared with 4.8 mm for the ulnar condyle. The articular
surfaces extended farther into the anterior surface than the
posterior. As in other coelurosaurs (Ostrom 1969), the axis
of the ulnar condyle is parallel to the plane of the proximal
end, whereas the radial condyle is nearly parallel to the
plane of the deltopectoral crest. The insepicondylar ridge on
the external anterior border of the radial condyle appears to
have been emphasized by moderate crushing. The
insepicondyle is a small but conspicuous knob separated
from the ulnar articulation by a shallow, triangular depression.
Overall, the humerus looks like a slender version of the
humerus of other tyrannosaurids (Lambe 1917; Maleev
1974).

Only the distal portions of the pubes are preserved

(Fig. 6J). The relatively thin shafts of the paired bones are
triangular in section, and as in other tyrannosaurids remain
separate until they join in the formation of the boot. It is
difficult to determine whether or not they are fused distally,
although clearly they are strongly attached to each other.
The paired pubes expand anteriorly and posteriorly into the
large (113 mm), boot-like process characteristic of
tyrannosaurids.

The femur (Figs. 6A–6D, 6H, 6I) is 279 mm in length,
with a distal width of 57.2 mm. The head is incomplete, but
probably would have been just as wide. The shaft has a
transverse diameter of 22.4 mm, an anteroposterior diameter
of 27.8 mm, and a minimum circumference of 82 mm. This
suggests that Shanshanosaurus weighed about 27 kg (Anderson
et al. 1985). The caput is continuous laterally with a low, the
ridge-like greater trochanter, and the proximal surface is
roughly perpendicular to the longitudinal axis of the shaft.
The 52 mm high, wing-like lesser trochanter extends proxi-

Fig. 5. Shanshanosaurus huoyanshanensis, IVPP V4878. Right
humerus in medial (A), posterior (B), and lateral (C) views.

Fig. 6. Shanshanosaurus huoyanshanensis, IVPP V4878, hind
limb elements. Right femur in anterior (A), medial (B), lateral
(C), posterior (D), proximal (H), and distal (I) views. Right tibia
in proximal (E) and anterior (F) aspects. (G) Left tibia in
posterolateral view. (J) Distal end of pubis, right-lateral view.
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mally to the same level as the greater trochanter and, unlike
dromaeosaurids and troodontids, is separated from it by a
16 mm long slit. The medial and lateral surfaces of the lesser
trochanter are each marked by a half dozen conspicuous
ridges that are almost vertical. There is no posterior
trochanter as in dromaeosaurids and troodontids. The fourth
trochanter is a low, but pronounced, ridge a quarter of the
way down the shaft of the femur. Anteromedial to the fourth
trochanter is the concavity for the insertion of the M.
puboischiofemoralis internus (Romer 1923; Russell 1972).
The shaft curves gently, so in lateral view the posterior
surface is gently concave. The shaft is straight when viewed
anteriorly or posteriorly. Just distal to mid-shaft, there is a
rugose tuberosity on the posteromedial edge of the bone.
This oval prominence, similar in position and prominence to
ones found in Gorgosaurus (Lambe 1917), Tyrannosaurus
(Osborn 1917), and ornithomimids (Russell 1972), is 27 mm
long and 16 mm wide and probably marks the insertion of
the M. caudifemoralis longis. The distal end of the femur
has a prominent but shallow extensor groove, with the medial
condyle extending onto the extensor surface more than the
lateral condyle. The extensor groove is bounded medially by
a sharp-edged ridge that separates the medial and anterior
surfaces of the femur. The popliteal area is deep and has a
low cruciform ridge. The crista tibiofibularis was broken off
but seems to have been large. The trochlea fibularis is an
11 mm wide but shallow trough. In all characters, the femur
of Shanshanosaurus is consistent with tyrannosaurid femora
(Lambe 1917; Maleev 1974) and distinct from the femora of
all other known Late Cretaceous theropod families other
than Ornithomimidae.

The proximal heads of both tibiae (Figs. 6E–6G) were
recovered, and the left tibia includes much of the shaft.
There is a powerful cnemial crest that is separated from the
fibular condyle by a deep concavity. The cnemial crest
protrudes about 20 mm anterior to the fibular condyle. The
distal (anterolateral) 32 mm high edge of the crest (Fig. 6F)
has a rugose surface for attachment of the iliotibialis muscle.
The region between the cnemial crest and the fibular crest is
deeply concave (Fig. 6E). The fibular condyle has a convex
articular surface that is 21 mm long and 18 mm high, has
sharply defined ventral margins, and is positioned towards
the posterior margin of the tibia. The articular surface faces
posterolaterally. The fibular crest (Fig. 6G) is more than
6 cm long and is pronounced. Its dorsal edge is level with
the ventral edge of the cnemial crest. The medullary cavity
of the tibial shaft is 18 mm wide by 9 mm anteroposteriorly,
and the walls are about 5 mm thick. All characters of the
tibia are consistent with its identification as a tyrannosaurid.

Discussion

Shanshanosaurus has a suite of uniquely tyrannosaurid
characters, including a large mylohyoid fenestra in the
splenial, a small external mandibular fenestra, a large posterior
surangular fenestra, pleurocoels in the posterior presacral
centra, a well-developed acromial process on the scapula, a
glenoid composed primarily by the scapula, a relatively
larger pubic boot than in other theropod families, and limb

bones that lack the specializations of other coelurosaurian
families other than the Ornithomimidae.

Although all of the diagnostic features are tyrannosaurid,
the proportions of all the bones are closer to those of much
smaller theropods. This includes the vertebrae, which have
very low neural spines in the cervical region, similar to those
of other coelurosaurs. The neck appears to have been
strongly flexed, but not to the degree seen in adult
Tarbosaurus specimens (Maleev 1974). This suggests that
the degree of curvature of the neck may have in part been
controlled by ontogenetic factors.

The proximity of occurrence of the well-known Mongolian
tyrannosaur Tarbosaurus suggests that it may be a juvenile
of that animal. The large size of the maxillary fenestra is
consistent with this notion. However, given the limited
amount of material known for Shanshanosaurus, we cannot
be completely sure that this is true. Other tyrannosaurids
have been identified in this part of Asia (Kurzanov 1976;
Olshevsky 1995a, 1995b; Currie 2000), and at a young age
all of them would have been very similar. One of the features
that distinguishes Alioramus from Tarbosaurus and other
tyrannosaurids is the presence in the maxilla of two distinct
rows of labial foramina (Kurzanov 1976). Shanshanosaurus
is more like Tarbosaurus in that the foramina are widely dis-
tributed across the external surface of the maxilla. However,
without the recovery of more diagnostic adult Tarbosaurus
fossils from the Shanshan locality, it is probably best to
maintain Shanshanosaurus as a distinct genus.

The recognition of Shanshanosaurus as a juvenile
tyrannosaurid gives us important clues concerning the ontogeny
of tyrannosaurids. With the exception of isolated teeth and
bones, the holotype of Shanshanosaurus represents the
smallest (youngest) specimen known of a tyrannosaurid. The
long, low proportions of the snout and mandible are charac-
teristic of small tyrannosaurs (Carr 1999) but do not neces-
sarily indicate that the specimen is a juvenile. This is better
determined by the lack of fusion between the odontoid and
the axis and the fact that the neural arches and centra are not
coossified. Although it was a small animal (approximately
2.3 m in length when scaled against other tyrannosaurids), it
has an enlarged pubic boot and conspicuous processes and
muscle scars on the femur and tibia.
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