STRUCTURE AND FUNCTION OF THE PECTORAL
GIRDLE AND FORELIMB OF STRUTHIOMIMUS
ALTUS (THEROPODA: ORNITHOMIMIDAE)

by ELIZABETH L. NICHOLLS and ANTHONY P. RUSSELL

ABSTRACT. The forelimb and pectoral girdle of Struthiominus altus are described for the first time. The
ornithomimid pectoral girdle differs from that of other theropods in having a higher scapular prominence
(acromion process), an anterior flange on the supraglenoid buttress, and a narrow, attenuated coracoid.

Osteological and myological comparisons with recent reptiles and birds, combined with muscle scar evidence,
suggests that the primary girdle of Struthiomimus was oriented somewhat laterally, as in recent crocodiles and
lizards, and that it was mobile with respect to the body wall. The potential for extensive protraction and
retraction of the humerus is evident, endowing Struthiomimus with extensive forereach abilities, combined with
limited rotational potential.

In the manus the offset first digit differs from the usual theropod condition in being rotated outwards, away
from the midline of the hand. Digits I and III are incipiently coalesced and functioned as a unit. The osteological
evidence suggests that the manus of Struthiomimus operated as a hooking and clamping structure, rather than as
a grasping or raking one.

WHILE the forelimb of ornithomimids is ‘coelurosaurian’ in length, it lacks the raptorial
characteristics of that group, and there has been considerable speculation regarding its function.
Osborn (1916) suggested that the first digit was opposable and described the manus as a grasping
hand. Later workers, however, have questioned both the opposability of digit I and the grasping
ability of the manus (Ostrom 1969; Galton 1971; Osmélska e al. 1972).

The forelimb of Struthiomimus was figured by Osborn (191 6), but only a brief description was given
and the scapulocoracoid was not described. The complete forelimb and shoulder girdle are preserved
in only a few specimens of North American ornithomimids and in most cases these are either
mounted (AMNH 5339, ROM 851) or unprepared (NMC 8632). Consequently most subsequent
comparative work has been based on Osborn’s incomplete description.

A specimen of S. altus with a well-preserved, articulated pectoral limb and shoulder girdle is now
available (Nicholls and Russell 1981). We here redescribe the forelimb and describe and figure the
scapulocoracoid for the first time. The presence of clear muscle scars on both the humerus and the
scapulocoracoid have prompted us to reconsider forelimb function in this species. Inferences drawn
with respect to function are based upon Recent comparative material described herein.

Abbreviations used in this work are as follows: AMNH, American Museum of Natural History;
BM(NH), British Museum (Natural History); NMC, National Museum of Canada; ROM, Royal
Ontario Museum; TMP, Tyrrell Museum of Palaeontology; UA, University of Alberta; UCMZ,
University of Calgary, Museum of Zoology; USNM, United States National Museum.

SYSTEMATIC PALAEONTOLOGY

Family orNiTHOMIMIDAE Marsh 1890
Genus Struthiomimus Osborn 1916 (Emended Russell 1972)
Struthiomimus altus (Lambe 1902)

UCMZ(VP)1980.1. Incomplete skeleton consisting of limbs, girdles, gastralia, and fragments of
vertebral column and ribs. The specimen was collected from the Judith River Formation (Judithian,
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Upper Cretaceous), of southern Alberta, Canada. The left forelimb and pectoral girdle are complete
(text-fig. 1) and were found articulated. A description of the specimen and its taxonomic relationships
appear elsewhere (Nicholls and Russell 1981).

Little comparative material is available. Scattered podial fragments of ornithomimids are
abundant in the bone scrap of the Judith River Formation, but articulated specimens, or even
complete elements, are rare. The two best specimens are ROM 851 (Ornithomimus edmontonicus) and
AMNH 5339 (S. altus). ROM 851 is so crushed that few surface details are discernible. Both of these
specimens are mounted, making detailed anatomical comparison difficult. They have been described
and figured by Parks (1933) and Osborn (1916) respectively. Comparisons of UCMZ(VP)1980.1
with other North American ornithomimids is based primarily on examination of the following
specimens: NMC 12441, 8632, 12228, 8902; UA 16182; ROM 851, 840; and also on literature reports.

Russell (1972) defined three genera of North American ornithomimids: Ornithomimus, Struthiomi-
mus, and Dromiceiomimus. We here recognize only the first two, which may be distinguished on the
basis of the manus (Nicholls and Russell 1981)—the manus of Dromiceiomimus is incompletely
known.

OSTEOLOGY OF THE PECTORAL GIRDLE AND FORELIMB OF
STRUTHIOMIMUS ALTUS

(a) Orientation

Throughout the subsequent descriptions we have attempted to standardize directional terminology.
Due to the difficulty of orienting adult structures in a standard fashion we have chosen to employ
developmental terminology and orientation as they relate to the main body and limb axes. In this
context all structures have developmental dorsal-ventral, anterior-posterior, and either lateral-
medial (limb girdles) or proximal-distal (limbs) axes. All descriptive terminology relates to these axes
(refer to orientation arrows on figures for clarification).

(b) Scapulocoracoid

In UCMZ(VP)1980.1 the left scapulocoracoid is complete, except for the dorsal tip of the scapular
blade (text-fig. 1). Both coracoids are complete and overlap along the ventral midline. As the left
coracoid is partially covered by the right element, the description of the coracoid is a composite,
based on the coracoids of both sides. Measurements of the girdle and forelimb are given in Table 1.

The exact length of the scapula is not known, but assuming the scapulo-femoral ratio of
UCMZ(VP)1980.1 to be the same as that of AMNH 5339 (Osborn 1916), we estimate the length of
the scapula to be 380 mm. It is long and slender and ventrally the shaft is oval in cross-section, but
dorsally becomes compressed and blade-like (text-fig. 2) and the shaft has a slight posterior
curvature. Although the dorsal tip of the blade is missing, there is no evidence that it was significantly
expanded, in accordance with the situation in other ornithomimids.

Situated anteriorly on the scapula, just dorsal to the scapulocoracoid suture, is a compressed, keel-
like prominence (text-fig. 2) that has been referred to as the ‘acromion process’ by several authors
(Ostrom 1969, 1978; Osmolska and Roniewicz 1970; Cooper 1981). Its homology with that
tuberosity has not been demonstrated, however, and in the absence of clavicles the existence of an
acromion can only be surmised. For this reason we have chosen to refer to this structure as the
scapular prominence. It is very well developed in Struthiomimus (text-fig. 2) as it is also in
Ornithomimus and Gallimimus. Tt differs, however, from the situation found in most theropods,
where the scapular prominence is more pronounced anteriorly but does not extend as far dorsally
(text-fig. 3). The anterior edge of the scapular prominence is quite rugose and porous in texture,
suggesting the attachment of either muscle or ligament.

The glenoid fossa is deep and sellar. It is equally developed on both scapula and coracoid and has
prominent supra- and infraglenoid buttresses. The scapular portion of the glenoid bears an anteriorly
directed flange (text-fig. 2), representing an extension of the supraglenoid buttress that resists dorsal
deflection of the humerus during extreme humeral protraction.
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TEXT-FIG. 1. a, the left pectoral girdle and forelimb of Struthiomimus altus, UCMZ(VP)1980.1. The scale bar
represents 150 mm. b, detail of the left manus and wrist. The scale bar represents 50 mm.
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TABLE 1. Measurements of the pectoral girdle and forelimb of
Struthiomimus altus (UCMZ(VP)1980.1).

Scapula—dorsoventral length 380%*
—anteroposterior width at midshaft 46
—dorsoventral length of scapular prominence 62
—anteroposterior width of scapulocoracoid suture 88

Coracoid —dorsoventral length, posterior to glenoid 66

—anteroposterior width 179
—length of biceps tubercle 21
—height of biceps tubercle 9
Humerus—proximodistal length 362
—anteroposterior width at midshaft 40
Ulna—proximodistal length 256
—anteroposterior width at midshaft 17
Radius—proximodistal length 239
—anteroposterior width at midshaft 15
Metacarpals, proximodistal length
—I 102
—II 109
—III 109
Phalanges, proximodistal length
—I-1 127
—I-2 (ungual) 95
—II-1 40
—11-2 113
—II-3 (ungual) 127*
—TIII-1 24
—I1-2 29
—I1I-3 89
—1II1-4 (ungual) 98*

Dorsoventral articular height

Ungual articular surface dimensions: - - -
Anteroposterior articular width

2 21/16
-3 18/16
-4 17/15

All measurements are in mm, and refer to the left limb and girdle,
except for the coracoid which is represented by the right element.
Measurements marked with an asterisk (*) are estimates.

On the dorsal surface of the scapular lip of the glenoid is a narrow, oval depression. A similar
depression has been noted in other theropods, notably Deinocheirus (Osmolska and Roniewicz 1970)
and Gallimimus (Osmolska et al. 1972) and probably represents the site of origin of the scapular head
of the triceps.

The coracoid is about three times as long as deep, the majority of the length being due to the
extension of the posterior coracoid process beyond the glenoid fossa (text-fig. 2). This process does
not terminate in a curved apex as it does in most theropods, but is truncated posteriorly. The coracoid
is thickest along the dorsal edge of the posterior coracoid process, where it forms a conspicuous
infraglenoid buttress.

On the lateral surface of the coracoid plate, ventral to the glenoid, is a pronounced elongate
tuberosity, the biceps tubercle (text-fig. 2; Table 1). This corresponds to the ‘coracoid tuber’ described
by Osmolska er al. (1972) for Gallimimus and to the ‘biceps tubercle’ of Deinonychus (Ostrom 1974)
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TEXT-FIG. 3. Representative theropod scapulocoracoids compared with that of Struthiomimus. All are
drawn to approximately the same length for ease of comparison. The scale bar represents 50 mm. In
Struthiomimus note the narrow, attenuated posterior coracoid process, the anterior flange on the
supraglenoid buttress, and the height of the scapular prominence. The latter two characteristics are shared
by Gallimimus. Diagrams are based on ROM 762 (Albertosaurus libratus), ROM 5091 (Allosaurus
fragilis), and a cast of Gallimimus bullatus at the ROM. Data on Deinonychus from Ostrom (1974).

and the prosauropod Massospondylus (Cooper 1981). It is also well developed in Dromeosaurus
(TMP 79.20.1) and is present in most long-armed theropods. Ostrom (1974) suggested that the
relative size of the biceps tubercle may be related to forelimb length, but this seems unlikely in view of
Madsen’s (1976) comment that, at least in Allosaurus, the development of the biceps tubercle is
extremely variable.

There are three clearly defined areas of muscle attachment on the coracoid plate. The most
prominent of these is a triangular depression on the dorsal edge of the posterior coracoid process,
ventral to the infraglenoid buttress (text-figs. 2 and 11). The depression is very broad and deep,
narrows posteriorly, and its surface is quite smooth. This region is interpreted as being the site of
origin of the M. coracobrachialis brevis (see below).

The other two areas indicative of muscle attachment both lie on the lateral surface of the coracoid
plate. The first of these is a broad depression anterior to the glenoid (text-figs. 2 and 11). It overlies the
region of the scapulocoracoid suture and the coracoid foramen, extending from the ventral edge of
the scapular prominence to the biceps tubercle. This is interpreted as being the site of origin of the
M. supracoracoideus (see below).

Posterior to the biceps tubercle, the lateral surface of the long posterior coracoid process bears
a heavily striated scar (text-figs. 2 and 11), here interpreted as the site of origin of the M.
coracobrachialis longus (see below). Identical muscle scars were reported by Osmolska et al. (1972)
for Gallimimus.

In overall form the scapulocoracoid of S. altus (UCMZ(VP)1980.1) is very like that of the other
North American ornithomimids. It does, however, differ considerably from that of other theropods,
as noted by Sternberg (1933) in his description of O. edmontonicus. In most theropods the depth of the
coracoid plate greatly exceeds its length, and the posterior coracoid process is short, terminating in
a curved apex ventral to the glenoid (text-fig. 3). A long, shallow coracoid plate with an attenuated
coracoid process, an anterior flange extending from the supraglenoid buttress, and a high scapular
prominence are all characteristic of the ornithomimid scapulocoracoid. These features are also
present in the Mongolian ornithomimids G. bullatus (Osmolska et al. 1972) and Archaeornithomimus
asiaticus (USNM 6567, as figured by Gilmore 1933).
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Deinocheirus, however, sometimes considered to be an ornithomimid (Ostrom 19764, 1978), has
a more typical theropod scapulocoracoid. The scapular prominence is broken in Deinocheirus, but
appears to extend considerably far dorsally, as in ornithomimids. There is, however, no accessory
flange on the supraglenoid buttress and the coracoid is very deep dorsoventrally, and exhibits little
extension of the posterior coracoid process.

(¢) Humerus

The left humerus (text-fig. 4) of UCMZ(VP)1980.1 is complete, although the middle of the shaft has
been crushed dorsoventrally. It closely resembles the humerus of Gallimimus and Deinocheirus,
although the deltopectoral crest is not as strongly developed as that of the latter genus.

The distal end of the humerus is set at an angle of approximately 40° to the proximal end, a higher
degree of torsion than is usual in ornithomimids. In Gallimimus this angle is 25-30° (Osmélska ef al.
1972) and in NMC 8632, 12441, and ROM 840 it is closer to 20°. Osborn (1916) does not mention
the degree of torsion in AMNH 5339 (S. altus), although his figures 7 and 8 indicate that some
torsion is present. The high degree of torsion in UCMZ(VP)1980.1 may be due to post-mortem
deformation, as humeral torsion is also high in ROM 851 (35-40°), which has been crushed in a
similar manner.

The anterior tuberosity is fully as high as the head and proximally bears an elongate articular
surface that juxtaposes the articular surface of the head (text-fig. 4). This accessory articular surface
also encroaches on to the dorsal surface of the humerus and is as well developed as the head. It fits
beneath the anterior flange of the glenoid during extreme humeral protraction. Distally, the anterior
tuberosity merges gradually with the deltopectoral crest. The latter is poorly developed compared
with that of other theropods, its apex being located less than one-fifth of the way along the humeral
shaft. Itis set at an angle of about 40° to the proximal end of the humerus. On the dorsal surface of the
edge of the crest is a thickened lip which possibly marks the separation of the insertion of the
M. pectoralis and the M. supracoracoideus.

Posterior to the deltopectoral crest, on the dorsal surface, a shallow depression extends along the
humeral shaft, possibly marking the insertions of the deltoideus musculature.

The posterior tuberosity is only moderately developed. It does not project far out from the shaft, as
it does in Deinonychus or Allosaurus, but extends further along the shaft.

The distal end of the humerus is expanded into a pair of condyles. The ulnar, or posterior, condyle
is the larger of the two, extends the furthest distally and is bulbous and symmetrical in plan. The
anterior, (radial) condyle is narrow, elongated, and continuous with the ectepicondylar ridge. The
two condyles are separated ventrally by a broad fossa. Dorsally the olecranon fossa is present only as
a faint depression. The entire distal end of the bone has a rugose, porous surface texture, suggesting
the presence of extensive articular cartilage.

(d) Ulna

The ulna of UCMZ(VP)1980.1 resembles that of S. alrus, as figured by Osborn (1916, fig. 8). Itis
triangular in cross-section and gently curved, being convex toward the radius (text-fig. 5). The
olecranon process is long, extending 20 mm proximal to the articular surface of the radius. It is
significantly deflected from the ulnar shaft, and manipulation of the osteological preparation at the
elbow joint indicates that full extension of the forearm was possible. The concave articular facet for
receipt of the radius is deep and well developed. The form of both the proximal and distal radioulnar
articulations is suggestive of the presence of syndesmotic unions in life. Such joints, binding the
elements by way of collagenous fibres, would permit slight play between the elements but limit
rotatory ability.

The distal end of the ulna is crescentic and its anterior edge is flattened along its syndesmotic
contact with the radius. On the ventral surface are two condyles separated by a broad, shallow groove
(text-fig. 5). The anterior of these is only weakly developed, while the posterior one is larger. A small
convexo-concave pisiform is situated adjacent to the posterior condyle. The concave surface of the
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TEXT-FIG. 4. Left humerus of Struthiomimus altus, UCMZ(VP)1980.1. Dorsal view.
M. supracoracoideus and Mm. deltoideus complex refer to the implied insertional areas for
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pisiform fits snugly against the posterior ulnar condyle, forming a rotational surface between the ulna
and the third metacarpal (text-fig. 6). The entire distal end of the ulna bears numerous striations,
suggesting the presence of articular cartilage.

(e) Radius

The radius is almost straight, except at the proximal end where it curves toward the ulna. The
proximal articular surface is oval and flat and thus fits perfectly the syndesmotic articular facet of the
ulna, allowing little rotation (text-fig. 5).

Distally the radius is oval in cross-section, except at its contact with the ulna where it is extensively
flattened. The distal end of the radius terminates almost 10 mm short of that of the ulna when the two
elements are articulated, a point not evident in Osborn’s (1916) illustration. This discrepancy in
length reflects the form and disposition of the carpals, most of which are concentrated distal to the
radius (text-fig. 6).

The distal articular surface of the radius is convex for articulation with the radiale, and the entire
distal end of the radius is heavily striated.

{(f) Carpus

All of the carpals are excellently preserved, three of them adhering to the distal end of the radius and
one to the proximal surface of the metacarpals (text-fig. 6).

The radiale is ovoid in outline, convex distally and concave proximally where it fits the convex
surface of the radius. The distal surface of the intermedium is convex and its dorsal outline triangular.
The apex of the triangle forms a low ridge which extends along its proximal surface between the
radius and ulna. Distally, between the radiale and intermedium, is a small, disc-like bone, probably
a centrale. It thins rapidly toward its ventral surface and fits in a slight depression on the proximal end
of metacarpal I. The fourth carpal is extremely flattened and closely adherent to the proximal surface
of metacarpals T and I1. It is so broad and irregularly shaped that it may represent two or more distal
carpals in fusion and is here interpreted as distal carpals 2 and 3. The fifth carpal bone is the pisiform,
already described under the consideration of the ulna.

Compared with the carpus of other theropods, that of Struthiomimus is most like that of
Albertosaurus, as described by Lambe (1917), although the distal carpals appear to be more
specialized. The carpus lacks the well-defined articular facets present in the carpals of Deinonychus
(Ostrom 1969), and to a lesser extent Allosaurus (Madsen 1976). Apparently the carpus of
Struthiomimus operated as a hinge-joint, permitting little or no rotation, but was not as ‘stiff’ as
indicated by Gregory (in Osborn 1916).

Galton (1971) illustrated six carpals in Syntarsus and briefly pared them with the carpals of
Struthiomimus, although no attempt was made to describe them or to identify the individual
elements. The broad, flat anterior distal carpal of Syntarsus (Galton 1971, figs. 1 and 3) resembles the
fused distal carpals of Struthiomimus. The proximal carpals of Syntarsus, however, are much flatter
than the corresponding elements of Struthiomimus, and there is no concentration of the carpals distal
to the radius in Syntarsus.

Only one carpal is preserved in Gallimimus. This was considered by Osmolska et al. (1972) to be the
radiale, but it bears no resemblance to any of the carpals of UCMZ(VP)1980.1. In ROM 840 the
pisiform and radiale are preserved in situ and are like the corresponding bones of Struthiomimus altus.

(g) Manus

The manus of UCMZ(VP)1980.1 is very like that of AMNH 5339, as illustrated by Osborn (1916,
fig. 3). The three metacarpals are subequal in length, metacarpal I being only slighly shorter than the
others. All the metacarpals are tightly adpressed proximally and slightly arched. Distally metacarpal
1is strongly divergent and its articular surface is rotated anteriorly.

Two types of joint structure are present in the manus (text-fig. 7). The articulations between the
metacarpals and the proximal phalanges are of the ball and socket type, allowing considerable
flexion, extension, and rotational movement. The interphalangeal joints, in contrast, are ginglymoid
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and permit extension and flexion, but little or no rotation, as is usual in the manus of theropods. In
the more typically raptorial theropods (e.g. Ornitholestes, Allosaurus, Chirostenotes), groove and keel
articulations are present on the metacarpals of both digits I and II. The smoothly rounded distal
metacarpal articulation is found on all three digits only in ornithomimids. This type of joint surface
permits rotational movement and considerable hyperextension of the digits, but little or no flexion
below the horizontal. Most of the flexion in the manus occurred at the interphalangeal joints.

Digit I

Metacarpal I is closely applied to metacarpal I for a little more than two-thirds of its length, and
its posterior edge is flattened along this contact (text-fig. 7). Distally it diverges from the rest of the
metacarpus and the distal articular surface is rotated anteriorly and dorsally. Most of the articular
surface is smoothly convex. On the dorsal surface, however, there is a deep groove which guides the
phalanx anterodorsally (away from the other digits) on extension (text-fig. 7). On flexion, digit I
converges on the other two digits. Pits for the collateral ligaments are not as well developed as in
Osborn’s figure (1916, fig. 3). The pit is moderately developed on the posterior side (which is rotated
to face dorsally), but very poorly developed on the anterior side.

The distal articular surface of metacarpal I in Struthiomimus differs from that of Ornithomimus
(ROM 851, NMC 8632), in which metacarpal I is longer and not offset. In Ornithomimus the three
metacarpals are parallel throughout and their distal articular surfaces are rotated posteriorly. The
first metacarpal of Struthiomimus more closely resembles that of Gallimimus, which is also shortened
and rotated anteriorly.

The first phalanx of digit I is the longest phalanx in the manus. Its proximal articular surface is
concave and rotated anteriorly. Dorsally there is an enlarged tubercle which fits into the dorsal
groove on the distal end of its metacarpal. Distally the grooved articular surface encroaches
considerably on to the ventral surface of the phalanx, allowing the ungual to be flexed up to 65-70°
below the horizontal. Pits for the collateral ligaments are very deep.

Digit IT

The second metacarpal is flattened anteriorly along its contact with the first. On the proximal
articular surface there is a low, broad ventral tubercle. During flexion of the wrist this tubercle fits
into the shallow groove between the condyles on the distal end of the ulna (text-fig. 6). Distally the
tubercle extends as a stout ridge on the ventral side of the metacarpal.

The distal articular surface of metacarpal II lacks any suggestion of the dorsal groove present on
metacarpal I. The articular surface is slightly asymmetrical, extending further on the posterior than
the anterior side. Pits for the collateral ligaments are only moderately developed.

In the first phalanx the proximal articular surface is smoothly concave, with ventral tubercles for
the attachment of the collateral ligaments. The anterior tubercle is much more strongly developed
than the posterior one. When articulated with the metacarpal, extension moves the phalanx dorsally
and posteriorly away from digit I, and flexion moves it anteriorly and ventrally toward it. The
grooved distal articular surface is well developed ventrally, allowing considerable flexion. Pits for
collateral ligaments are only moderately developed.

The penultimate phalanx in digit IT is very long, being longer than the metacarpal. Pits for the
collateral ligaments are well developed and the distal articular surface is of the normal groove and
keel type, extending far on to the ventral surface, permitting considerable flexion of the ungual.

Digit 111

The third metacarpal is very slender and is closely adherent to metacarpal II. The distal articular
facet is broadly rounded and symmetrically developed. Pits for the collateral ligaments are well
developed and open distally, forming a broad groove. On the first phalanx the anterior tubercle for
the-collateral ligament is more strongly developed than the posterior one, making the proximal
articular surface asymmetric in the same manner as the corresponding phalanx in digit II. Extension
moves the phalanx posterodorsally.
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TEXT-FIG. 7. Manus of Struthiomimus altus, UCMZ
(VP)1980.1. a, dorsal view of entire manus; B, distal
articular surfaces of the three metacarpals in natural
position; ¢, proximal articular surfaces of phalanx 1
for the three digits. Note, for ease of comparison c is
represented as a mirror image so that the alignment of
the digits in the three parts of the figure may be kept
constant.
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The remaining phalanges in digit II1 all have the normal symmetrical phalangeal ridge and groove
articulations. The grooves are very deep and form tightly interlocking joints which permit no lateral
displacement. The pits for the collateral ligaments are correspondingly reduced. They are practically
non-existent in phalanges 1 and 2, although they are strongly developed in the penultimate phalanx.

Unguals

In UCMZ(VP)1980.1 the ungual of digit I is complete but the extreme distal tips of unguals IT and
ITI have been broken. The unguals are very long and, when covered with a horny sheath during life,
must have constituted more than one-third of the length of the manus. The unguals differ from the
narrow, highly curved talons of typically raptorial theropods. They are longer, straighter, and
broader, being slightly expanded proximoventrally. The articular surface covers the entire proximal
end of the ungual and is strongly keeled. The flexor tubercle is not situated directly ventral to the
articular surface as in most theropods, but is instead displaced distally about one-quarter of the
distance along the phalanx. This greatly enhanced the mechanical advantage of the ungual flexor
muscles.

All of the unguals were capable of being highly flexed, forming an angle of almost 70° with the long
axis of the penultimate phalanx. The ungual of digit I is the most trenchant of the three, being
narrower and more sharply curved than the other two. .

The unguals of Struthiomimus differ slightly from those of other ornithomimids. Compared to
Ornithomimus, as defined by Russell (1972), the unguals of Struthiomimus are much more robust and
more strongly curved. (This, however, may be an allometric feature, as all the specimens identifiable
as Ornithomimus are smaller animals.) In Gallimimus the unguals are shorter and curved, resembling
the first ungual of Struthiomimus. Osmolska et al. (1972) indicated that only a minimal amount of
flexion of the unguals was possible in Gallimimus, in contrast to the situation in Struthiomimus (see
above).

Isolated ornithomimid unguals were illustrated and discussed by Ostrom (1969, 1978) in his
consideration of the manus of Deinonychus and Compsognathus. The parameters he used to compare
the unguals of theropods were the somewhat equivocal ratio of the length (extension) of the ungual
relative to its height, and the angle formed between the cutting edge of the ungual and its arc of
rotation. The ornithomimid ungual he used for comparison was that of O. sedens, and his figure
clearly shows the long, straight, non-raptorial nature of the unguals of Ornithomimus. In text-fig. 8
the unguals of UCMZ(VP)1980.1 are compared with those of other theropods. Employing Ostrom’s
(1969) criteria for claw form and function, the ungual of digit I appears ‘subraptorial’ and is
comparable to those of Ornitholestes and Compsognathus. The unguals of digits 11 and III are
decidedly non-raptorial.

Another parameter useful in comparing unguals is the width of the articular surface, relative to the
height, and this is a more reliable criterion for evaluating claw function than the degree of curvature.
The true curvature of a claw is formed by its horny sheath, which is seldom preserved in the fossil
record. In highly raptorial theropods the unguals are very narrow, with their articular height being
almost twice their articular width. As can be seen from Table 1 the unguals of Struthiomimus are very
broad, their width being almost equal to their height. Again this indicates that they are non-raptorial.

COMPARATIVE RESULTS—THE BASIS FOR A FUNCTIONAL ASSESSMENT

(a) Levels of comparison

In order to attempt to gain a mechanically feasible assessment of the form and possible functional
attributes of the breast-shoulder apparatus and forelimb of Struthiomimus, comparisons of various
types were made. Two ‘obvious’ comparative models come to mind. The firstis a comparison with the
equivalent structures of crocodilians in an attempt to investigate, as far as possible, similarities due to
the existence of homologies (see, for example, Coombs 1978a; Gardiner 1982; Lauder 1981).

In overall body form, however, crocodilians and ornithomimid dinosaurs are relatively dissimilar
and, by inference, it seems reasonable to suspect that their way of life was relatively dissimilar also.



