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ABSTRACT SKW 18, a partial hominin cranium re-
covered from the site of Swartkrans, South Africa, in
1968 is described. It is derived from ex situ breccia of
the Hanging Remnant of Member 1, dated to approxi-
mately 1.5–1.8 Mya. Although partially encased in brec-
cia, it was refit to the facial fragment SK 52 (Clarke
[1977] The Cranium of the Swartkrans Hominid SK 847
and Its Relevance to Human Origins, Ph.D. dissertation,
University of the Witwatersrand, Johannesburg), pro-
ducing the composite cranium SKW 18/SK 52. Subse-
quent preparation revealed the most complete cranial
base attributable to the species Australopithecus robus-
tus. SKW 18 suffered weathering and slight postdeposi-
tional distortion, but retains considerable anatomical
detail. The composite cranium most likely represents a

large, subadult male, based on the incomplete fusion of
the spheno-occipital synchondrosis; unerupted third molar;
pronounced development of muscular insertions; and large
teeth. Cranial base measures of SKW 18 expand the range
of values previously recorded for A. robustus. SKW 18 pro-
vides information on anatomical features not previously
visible in this taxon, and expands our knowledge of mor-
phological variability recognizable in the cranial base.
Morphological heterogeneity in the development of the pre-
vertebral and nuchal muscular insertions is likely the
result of sexual dimorphism in A. robustus, while differ-
ences in cranial base angles and the development of the
occipital/marginal sinus drainage system cannot be attrib-
uted to size dimorphism. Am J Phys Anthropol 130:435–
444, 2006. VVC 2006Wiley-Liss, Inc.

Hominid remains attributed to Australopithecus robus-
tus have been recovered from six localities in South
Africa: Kromdraai (Broom, 1938), Swartkrans (Broom,
1949), Drimolen (Keyser et al., 2000), Gondolin (Menter
et al., 1999), Sterkfontein (Kuman and Clarke, 2000),
and Coopers (Berger et al., 2003). The majority are de-
rived from the site of Swartkrans (Brain, 1981; Oakley,
1977). Although almost 500 fossils have been referred to
this taxon, specimens preserving the cranial base are
rare (Brain, 1981; Broom and Robinson, 1952; Grine,
1993; Grine and Strait, 1994). What cranial base
remains have been recovered tend to be either highly
fragmentary or badly damaged/distorted, and even su-
perbly complete specimens such as DHN 7 are deficient
in this region (Keyser, 2000). Discussion of cranial base
morphology in A. robustus is therefore constrained to a
limited range of anatomical regions, typically involving
small numbers of specimens or individual fossils (Falk,
1986a; McKee and Helman, 1991; Olson, 1978, 1981;
Rak and Clarke, 1979; Tobias, 1967; Tobias and Symons,
1992). As such, little is known regarding intraspecific
variability in the cranial base within this taxon, and
whole anatomical areas are entirely unknown. The re-
covery of additional cranial base materials is therefore
of significance for our understanding of morphological
variability in this poorly known anatomical region of
A. robustus.
SKW 18 is a relatively complete cranial base specimen

recovered in 1968 by C.K. Brain from ex situ Member 1,
Hanging Remnant breccia dumps, dated to approxi-
mately 1.5–1.8 Mya (Brain, 1993; Curnoe et al., 2001; de
Ruiter, 2003; Vrba, 1985). Clarke (1977) first recognized
that SKW 18 could be refit to SK 52, a partial facial
fragment recovered in 1949 (Broom and Robinson, 1952).
The two specimens present clear points of contact in the

mastoid and tympanic regions; the remainder of the refit
(i.e., the facial region) is considerably more fragmented
(Fig. 1). Clarke (1977, p. 256) cleaned a portion of the
cranial base of SKW 18, and provided a preliminary
description of the nuchal and occipitomastoid regions.
However, it remained mostly encased in breccia until
2000, when one of us (D.J.d.R.) prepared it out via
immersion in 10% acetic acid, using a protocol similar to
that developed by Brain (personal communication) at
Swartkrans.
The pattern of dental eruption in SK 52 indicates an

age of about 15 years (63 years) according to human
standards (Mann, 1975; Ubelaker, 1989), or between 7–8
years of age according to chimpanzee standards (Conroy
and Kuykendall, 1995). The spheno-occipital synchondro-
sis fuses in 95% of humans between ages 20–25 years
(Krogman and Is̨can, 1986); thus, the unfused nature of
this cranial feature in SKW 18 indicates that it is prob-
ably younger than 20 years of age, consistent with the
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dental age estimate of SK 52. The powerful development
of the mastoid processes and muscle markings of SKW
18 suggest a male individual. Odontometrically, SK 52
represents one of the largest individuals in the A. robus-
tus hypodigm (Robinson, 1956). It is therefore concluded
that the composite cranium SKW 18/SK 52 is most likely
that of a large, subadult male (see also Oakley, 1977).
This paper presents a comprehensive description and

comparative analysis of SKW 18, the most complete cra-
nial base known from A. robustus. Anatomical terminolo-
gy follows Weidenreich (1943), Tobias (1967), and Termi-
nologia Anatomica (Federative Committee on Anatomi-
cal Terminology, 1998). Observations were aided by a
binocular microscope where possible. All dimensions are
chord distances, and values are reported in millimeters,
recorded to the nearest 0.1.

DESCRIPTION

Preservation

SKW 18 was moderately weathered, and is pervaded by
numerous small cracks (Figs. 2, 3). Several flakes of the
inner bone table became loosened in both the middle and
posterior cranial fossae, and a large section of the inner

bone table is missing superior to the transverse limbs of
the cruciform eminence. During preparation of the speci-
men, numerous freed bone flakes were recovered from out
of anatomical position in the breccia, indicating that they
became loosened prior to excavation. Small pools of breccia
remain in the very bottom of the cerebellar fossae. The
calvaria is missing, having been broken away approxi-
mately 40.0 above the petrous part on the right side; on
the left, the calvaria was removed approximately 23.0
above the petrous part anteriorly, angling down to about
5.0 below the petrous part posteriorly. The facial skeleton
(SK 52) was obliquely sheared off immediately anterior to
the middle cranial fossa. Viewed from the posterior aspect,
the cranium presents a broad, squat profile truncated by
damage to the lateral extent of both sides. The left mas-
toid area is still preserved, while the right was broken
away along with most of the temporal squama, leaving
behind a thin veneer of the inner bone table and produc-
ing a skewed posterior contour. Part of the damaged right
temporal is preserved in SK 52. The entire nuchal area
was moderately weathered, and there is a large area of
cortical damage to the left of the external occipital protu-
berance. Although this cranium was widely damaged,
plastic deformation appears minimal. The most exten-
sively deformed aspect is the preglenoid region of the left
side of the cranium anterior to the mandibular fossa,
which was displaced posteromedially (Figs. 2b, 3c). The
foramen magnum was slightly distorted as a result of lat-
eral displacement of the basioccipital (Fig. 2b).

Internal aspect of SKW 18

Small fragments of the sphenoid, ethmoid, and vomer
are preserved in what remains of the anterior cranial
fossa, held together in a mass of breccia and glue
(Fig. 2a). Although the ethmoid was almost entirely

Fig. 2. SKW 18 in stereo view. A: Superior aspect. B: Infe-
rior aspect. Plastic deformation is evident in left preglenoid
area, as well as in slight lateral displacement of basioccipital.

Fig. 1. SKW 18 conjoined with SK 52 to form composite cra-
nium. A: Right lateral aspect. B: Superior aspect. Note that SK
52 temporal fragment in B does not align perfectly as a result of
damage, though the refit is considered reliable. Scale bar is 50 mm.
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removed, moderately large ethmoidal air cells can still
be traced. Most of the body of the sphenoid anterior to
the sella turcica was broken away, revealing well-devel-
oped sphenoidal air cells. Bilaterally, much of the lesser
wings of the sphenoid are present, sweeping away from
the broken body of the sphenoid toward the lateral walls
of the cranium. The posterior edges of the lesser wings
are bluntly rounded, and do not overhang the middle
cranial fossa. No trace remains of the anterior clinoid
processes.
In the middle cranial fossa, the well-preserved sella

turcica is moderately deep and broad; it broke away from
both the left greater wing of the sphenoid and from the
basilar occipital, and is shifted approximately 3.0 to the
right. The tuberculum sellae was damaged, but part of a
weak, left, middle clinoid process is still visible. There is
a small, circular foramen at the anterior extent of the
floor of the hypophysial fossa. The dorsum sellae is nar-
row, measuring approximately 13.5 across, and is partic-
ularly thin and fragile. It has a marked concave curva-
ture when viewed superiorly, and notably overhangs the
hypophysial fossa. Two ridges join the floor of the hypo-
physial fossa to the posterior clinoid processes. The left
posterior clinoid process is missing, but the right is pre-
served as a very small, anteriorly projecting knob. This
remaining posterior clinoid process is unusual in that
the process itself is recessed inward (medially) from the
lateral extent of the dorsum sellae.
The left carotid sulcus was broken through its longitu-

dinal midline via an approximately 3.0 wide crack, sepa-
rating the body of the sphenoid from the greater wing of

the sphenoid. The right carotid sulcus was slightly dis-
torted by lateral displacement of the sella turcica. The
carotid sulci are positioned closely adjacent to the
tuberculum sellae, presenting beveled anteromedial bor-
ders and bluntly rounded lateral margins. The right sul-
cus possesses a posteriorly projecting lingula. Although
obscured by breccia, the bilaterally preserved superior
orbital fissures appear as elongated, narrow channels,
separated from the foramen rotundum by a narrow
bridge of bone. The foramen rotundum is moderately
large and oval-shaped. The foramen ovale is represented
by a small, slightly rounded canal completely encircled
by the greater wing of the sphenoid. The foramina rotun-
dum and ovale are widely spaced from each other, being
10.9 apart on the left, and 11.5 on the right. On the right
side, a short groove for the common trunk of the middle
meningeal artery runs laterally and slightly posteriorly
from the probable position of the damaged foramen spi-
nosum, until its course is truncated by damage. On the
left side, damage partially obliterates the path of the
posterior branch of the middle meningeal artery, though
a deeply incised groove demarcates its course as it tra-
verses posterosuperiorly along the temporal squama. A
weak superior petrosal sulcus is evident bilaterally,
though the contact with the sigmoid sinus groove is
obscured. A distinct groove, probably for the superior
tympanic artery, is visible on the anterior surface of the
left petrous part, branching anteriorly from the posterior
branch of the middle meningeal artery.
The petrous parts incline forward at approximately

408 to the coronal midline of the specimen. The damaged
left petrous part was shifted out of position; it is esti-
mated that the anterior surface was approximately hori-
zontal. The tegmen tympani bulges slightly to accommo-
date the mastoid antrum. The low, rounded arcuate
eminence is notably elongated, coursing almost parallel
to the lateral wall of the cranium for approximately 9.0.
Although damaged, a shallow trigeminal impression is
visible near the apex of the left petrous part. The right
petrous part is broken, such that the internal structures
can be examined in cross section (Fig. 4). The oval win-
dow (fenestra vestibuli) and round window (fenestra
cochleae) are visible, separated by a large and inflated
promontory similar to other A. robustus specimens (Rak
and Clarke, 1979). A shallow groove for the tympanic
nerve is visible coursing across the promontory. The adi-
tus to the mastoid antrum is in direct contact with the
mastoid air cells, the latter evincing considerable pneu-
matization. The bony canal providing the origin of the
m. tensor tympani is positioned adjacent to the internal
carotid canal, and immediately superior to the promon-
tory. Laterally, the path of the internal carotid canal can

Fig. 3. SKW 18 in stereo view.A: Anterior aspect.B: Posterior
aspect. C: Left lateral aspect. D. Right lateral aspect (note area of
conjoint with SK 52 inmastoid/tympanic region). Scale bar is 50mm.

Fig. 4. Stereo view of broken right petrous, showing middle-
ear structures in cross section, view from anterior toward poste-
rior aspect. ma, mastoid antrum; tt, tensor tympani origin; ic,
internal carotid canal; tn, tympanic nerve; p, promontory; fc, fe-
nestra cochlea; fv, fenestra vestibuli. Scale bar is 50 mm.

437SWARTKRANS CRANIAL BASE



be followed for approximately 13.0, tracing an almost 908
curve through the petrous part.
Although damaged, the widest breadth of the posterior

cranial fossa can be estimated at ca. 85.0. The superior
border of the petrous part is bluntly rounded, with no
distinct edge. The posterior surface of the petrous part is
almost vertical laterally, becoming slightly more oblique
medially in the region of the internal acoustic meatus.
The height of the posterior surface of the petrous part is
22.1, measured at the anterosuperior lip of the sigmoid
sulcus. The bilaterally preserved internal acoustic mea-
tus is round with beveled anterior, superior, and inferior
margins, and a thickened posterior margin overhangs
the meatus. Approximately 4.1 below the meatus on the
left side is the cochlear canaliculus; ca. 3.0 behind the
meatus is a small, round porus representing a damaged
subarcuate fossa. The left vestibular canaliculus is posi-
tioned roughly 5.7 inferolateral to the meatus. The open-
ing of this latter structure is flanked by two bony mar-
gins that meet at a right angle, presenting an inferiorly
directed, V-shaped notch. On the right petrous part, a
segment of the posterior surface is missing, but the
aqueducts for the cochlea and vestibule are still evident.
A small breccia-filled porus indicates the subarcuate
fossa on this side.
The clivus is short and broad, beginning at the anteri-

or margin of the foramen magnum as a moderately con-
cave plane, flattening somewhat as it approaches the
dorsum sellae. The lateral edges of the clivus taper from
37.0 wide at the weakly developed tuberculi jugulare to
20.0 at the spheno-occipital synchondrosis. The spheno-
occipital synchondrosis is unfused, and the lateral dis-
placement of the sella turcica left a jagged fissure
between the sphenoid and the occipital, revealing moder-
ate pneumatization of the basilar occipital. The clivus
was slightly displaced laterally, producing a minor skew-
ing of the foramen magnum. The foramen magnum
appears oval in outline, with a length/breadth ratio of
80.1%. The widest breadth is anterior to the coronal mid-
line of the foramen. The anterior margin displays a thin
shelf of bone superiorly, flanked by two small fossae, and
underlain by a thickened shelf of bone inferiorly. An
ectobasionic projection is lacking. The lateral and poste-
rior margins of the foramen magnum are represented by
a single shelf of bone roughly the same thickness as the
inferior anterior shelf all around.
The position of the damaged internal occipital protu-

berance is estimated at approximately 27.0 superior to
opisthion, at roughly the same level as the external oc-
cipital protuberance. The cruciform eminence is complete
except for the damaged superior sagittal limb. The
broad, rounded inferior sagittal limb begins as a single
entity, and then splits into bilateral segments posterosu-
perior to the foramen magnum, producing a small,
slightly hollowed vermiform fossa. These bilateral seg-
ments continue on either side of the foramen magnum,
presenting as bluntly protuberant borders separating the
foramen magnum from the cerebellar fossae. The trans-
verse limbs are low and rounded; the right is situated
slightly higher than the left, and is slightly sharper. No
clearly defined right or left transverse sinus grooves are
present. Immediately lateral to the position of the inter-
nal occipital protuberance on the right side, a broad,
shallow groove for the occipital sinus is palpable on a
slightly displaced fragment of the inner bone table; its
inferior course rapidly fades to imperceptibility (not ow-
ing to damage). Immediately below the internal occipital

protuberance, a very shallow groove for the left occipital
sinus obliquely traverses the inferior sagittal limb ap-
proximately 21.0 superior to opisthion. There is no indi-
cation of either a left or right marginal sinus groove
flanking the foramen magnum.
An approximately 5.3 wide portion of the left sigmoid

sinus groove is partially embedded in the base of the
posterior face of the petrous part, with a thickened shelf
of bone overhanging and contributing to the groove. The
origin of the sigmoid sinus, whether from a transverse
sinus (as in humans) or a combined petrosquamus/supe-
rior petrosal sinus (as in OH 5), is obscured in SKW 18.
The sigmoid sinus groove traverses medially along the
base of the petrous part toward the foramen magnum,
and then makes a sharp (ca. 908) anterior turn toward
the jugular foramen. A low, thickened ridge of occipital
bone clearly demarcates the course of the sinus posteri-
orly, remaining salient for its visible duration until it
reaches the jugular foramen. This suggests that if a mar-
ginal sinus was present, it most likely drained into the
larger sigmoid sinus. The cerebellar fossae are relatively
large and deep, being bluntly delineated from the fora-
men magnum medially, and demarcated from the cere-
bral fossae by the low, rounded transverse limbs of the
cruciform eminence. They produce a notably expanded
impression on the internal surface of the occipital bone.
Superior to the transverse limbs of the cruciform emi-
nence, the cerebral fossae for the occipital lobes appear
to have been moderately large and deep, though not as
capacious as the cerebellar lobes.

External aspect of SKW 18

A small segment of the unfused lambdoid suture is
visible on the right side, disappearing as a result of
abrasion prior to reaching the position of asterion (this
point is missing bilaterally) (Figs. 2b, 3). Although
damage prevents accurate measurement, the lambdoid
suture appears to be very high relative to inion. The
nuchal plane is tilted at approximately 308 to the Frank-
furt horizontal plane, producing a notably horizontally
inclined nuchal area; it is moderately flattened sagittally.
Although it is not possible to accurately calculate a
measure of the plane of the foramen magnum, it appears
to have been roughly horizontal in SKW 18.
The unusually developed external occipital protuber-

ance is represented by a thin, sharp ridge of bone
roughly 14.5 long and 3.5 wide at its base, extending at
its maximum a full 6.7 from the surface of the occipital.
The external occipital crest extends all the way to opis-
thion as a well-developed, bluntly rounded ridge. It is
flanked on either side by shallow, oval depressions for
the attachment of m. rectus capitis posterior minor. The
right inferior nuchal line is only faintly outlined at its
origin at the anterior extent of the external occipital pro-
tuberance; the left side was extensively damaged.
Approximately 11.0 lateral to the external occipital pro-
tuberance, the right inferior nuchal line becomes more
prominently developed. It courses laterally for a further
16.0 before curving sharply anteriorly for roughly 17.0.
At its terminus, the inferior nuchal line forms prominent
bony ridges bilaterally, the right side being more protu-
berant than the left. Narrow, elongated depressions
anteromedially subadjacent to the bony ridges of the in-
ferior nuchal line indicate the insertion of m. rectus capi-
tis posterior major. Posterolateral to the inferior nuchal
line, elongated, crescent-shaped impressions are visible
on both sides for the insertion of m. obliquus capitis
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superior, extending anteriorly toward the condylar fos-
sae. On the right side, immediately posterosuperior to
the inferior nuchal line, the m. semispinalis capitis
insertion is visible as a crescent-shaped fan lateral to
the external occipital protuberance; damage obscures its
development on the left. Approximately 12.0 to the right
of the external occipital protuberance, the superior
nuchal line becomes prominent as a rounded bony spur,
continuing beyond this as a moderately developed ridge.
When the temporal fragment of SK 52 is reattached to
SKW 18, the right superior nuchal line continues onto
the posterolateral aspect of the mastoid process as a
bluntly rounded, robust mastoid crest. The damaged left
superior nuchal line is only weakly delineated medially,
becoming more prominent as it traverses laterally, con-
tinuing onto the posterolateral face of the mastoid as a
low, rounded mastoid crest.
Approximately 11.0 superior to the right superior

nuchal line is a raised rugosity which closely follows the
lambdoid suture as it courses superomedially. This
raised rugosity probably represents a pronounced tempo-
ral line, though damage to the area renders such a con-
clusion tentative. However, such a clear distinction
between the temporal line and the superior nuchal line
would be inconsistent with the presence of a compound
temporal/nuchal (T/N) crest. The relatively low position-
ing of the superior nuchal line on SKW 18 supports such
a suggestion. The supramastoid crest and the mastoid
crest of SK 52 are separated by a shallow groove ca. 8.0
wide; this supramastoid sulcus broadens slightly as the
supramastoid and mastoid crests diverge toward the pos-
terior. Thus we judge that there is no indication that a
compound T/N crest is present in SKW 18/SK 52. As a
result of the configuration of the temporal and nuchal
crests, the ‘‘bare area’’ of Dart (1948) is moderately large
in this specimen.
Relative to the size of the basicranium, the occipital

condyles appear small (right: 18.0 anteroposterior (AP),
10.6 mediolateral (ML); left: 17.8 AP, 10.5 ML). They are
anteriorly convergent, and the articular surfaces are
directed anteriorly, inferiorly, and notably laterally, with
a distinct ventral angulation. The condyles are oval-
shaped, with small, diamond-shaped depressions visible
on the anteromedial face. A single hypoglossal canal
is found on each side externally (right, 3.9 3 5.1; left,
3.0 3 5.6), while internally the right side divides into a
smaller, secondary canal. Immediately posterolateral to
the occipital condyles is a moderately deep condylar
fossa; small condylar canals are evident. Lateral to the
condyles, large, robust jugular processes are present,
each of which exhibits a distinct, inferiorly-directed, V-
shaped paramastoid process. Immediately posterior to
the paramastoid process is a roughened elevation for the
insertion of m. rectus capitis lateralis.
Approximately 7.2 anterior to the anterior border of

the foramen magnum (basion), moderately pronounced
ridges are evident bilaterally, coursing roughly mediolat-
erally. A further 4.2 anterior to these ridges are two
additional elongated, slightly more anteromedially
directed elevations. These ridges combine to partially
enclose a large, oval fossa marking the bony insertion of
the m. longus capitis. They are deficient laterally, as
there is no contact between the ridges at the lateral
edges of the basiocciput. This has the effect of producing
a ‘‘doubled’’ appearance to the m. longus capitis
tubercles. The total area occupied by m. longus capitis is
estimated at approximately 15.0 3 9.0. Immediately pos-

terior to the posterior-most ridges are moderately exca-
vated fissures, which are in turn positioned immediately
anterior to the occipital condyles, corresponding to the
insertion of m. rectus capitis anterior. In the midline,
approximately 8.9 anterior to basion, is the well-devel-
oped pharyngeal tubercle. The spheno-occipital syn-
chondrosis is unfused on both the internal and external
aspects of the cranium. The meeting of the sphenoid and
the occipital occurs about 22.5 anterior to basion.
Most of the right mastoid process was sheared off lat-

erally (represented on SK 52), exposing extensive pneu-
matization. The left mastoid of SKW 18 is intact, with
two oblique cracks on the posterolateral and inferolateral
faces, respectively. When SK 52 is refit to SKW 18, both
mastoids appear large and well-developed, projecting
both inferiorly and laterally with a bulbous lateral con-
tour when viewed from the posterior aspect. They repre-
sent the most lateral points on the cranial base, being
inflated beyond the lateral extent of the supramastoid
crest. There is a moderate anterior tilt of the mastoid,
with the posterolateral face presenting a more oblique
angle than the nearly vertical inferolateral face. The
mastoids do not project inferiorly beyond the level of the
occipital condyles, instead falling approximately 0.5
short of the plane of the condyles. The mastoid tips are
located very close behind porion. The medial face of the
left mastoid process slopes steeply into a deep, V-shaped
mastoid notch. The small (15.0 3 6.0) mastoid notch tra-
verses obliquely anteriorly toward a small stylomastoid
foramen between the mastoid and tympanic, immediate-
ly lateral to the jugular process. The right mastoid was
removed, but the unfused occipitomastoid suture is visi-
ble, beginning at the lateral root of the jugular process.
The remnant of the right mastoid region in SKW 18 was
superiorly displaced relative to the occipital along the
length of the occipitomastoid suture. The left occipito-
mastoid suture is visible anteriorly, beginning at the root
of the jugular process, approximately medial to the stylo-
mastoid foramen. It courses posteriorly around the mas-
toid region, and curves upward along the nuchal plane
until its extent is obscured by damage. A moderately
developed occipitomastoid crest is present bilaterally,
traversed by the occipitomastoid suture. Lateral to the
occipitomastoid crest is a narrow channel for the occipi-
tal artery. Between the channel for the occipital artery
and the mastoid notch is a well-developed juxtamastoid
eminence, which is more inferiorly projecting than the
occipitomastoid crest.
The right tympanic was obliquely sheared off, and

thus lacks the lateral half (represented on SK 52). The
left tympanic is complete from the meatus until just an-
terior to the jugular process. The lateral margin of the
left tympanic is overhung by a moderately well-devel-
oped supramastoid crest, with the superior margin of the
meatus itself some 3.7 medial to the lateral extent of the
crest. The tympanic is oriented almost vertically, with a
distinctly anteriorly inclined inferior face. It appears
long and straight, with only a slight ML concavity. At its
lateral extent, the tympanic flares moderately to form a
cone-shaped structure. The petrous crest is relatively
sharpened along its entire length. A distinct fissure
delineates the tympanic from the mastoid, which Tobias
(1991) referred to as the tympanomastoid fissure. Anteri-
orly, the petrotympanic fissure remains salient through-
out its entire length. On the left side, medial to the sty-
lomastoid foramen, is an area of damage which revealed
what might be the root of an ossified styloid process. The
lateral margin of the tympanic plate exhibits a thin infe-
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rior floor, and a thicker anterosuperior portion, with the
thickest part represented by the posteroinferior edge;
the posterosuperior portion is deficient. The anterosupe-
rior margin presents a ‘‘doubling-over,’’ similar to that
displayed by OH 5 (Tobias, 1967).
The right mandibular fossa was extensively damaged,

while the left fossa is moderately well-preserved. The
lateral extent of the left mandibular fossa was slightly
abraded, the remainder being preserved medially to the
entoglenoid process. Plastic deformation of the left pre-
glenoid area produced a nearly vertical inclination of the
posterior face of the articular tubercle, imparting an
artificially narrow appearance to the fossa. The damage
manifest on both mandibular fossae makes measurement
unreliable, though it is clear that they were moderately
deep, as seen in other A. robustus crania. A slight medio-
lateral convexity is evident on the posterior face of the
articular tubercle. The medial extent of the anterior wall
of the mandibular fossa is notably recurved, and ends up
facing more laterally than posteriorly. The entoglenoid
process is particularly inferiorly prominent, angled at
nearly 908 to the mandibular fossa ceiling. The entogle-
noid is comprised in equal parts of a temporal squamosal
portion, representing the medial extent of the mandibu-
lar fossa, abutting against an equally inferiorly pro-
jecting sphenoid component. The sphenosquamus suture
bisects the entoglenoid into its squamosal and sphenoid
portions. Immediately medial to the entoglenoid is a
broad, deep channel separating the entoglenoid from the
tympanic plate, the anteromedial recess of the mandibu-
lar fossa (Tobias, 1991). The postglenoid process is mod-
erate-sized and flat, being closely applied to the doubled-
over anterior surface of the tympanic plate; these struc-
tures merge superiorly to form the posterior wall of the
mandibular fossa. The tympanic is laterally expanded
beyond the lateral extent of the postglenoid. The lateral
margin of the postglenoid process is nearly vertical,
while the medial margin tapers superomedially, dividing
the posterior wall of the mandibular fossa along a diago-
nal line. The inferomedial half of the posterior wall of
the mandibular fossa is formed by the tympanic, while
the superolateral half is comprised of the postglenoid
process. Approximately 24.9 medial to the left meatal
aperture, the basilar opening of the carotid canal is
clearly visible, traversing anteromedially toward the in-
ternal carotid sulcus.
The foramen ovale is relatively small (left, 6.9 3 4.5;

right, 6.6 3 4.1), and is encircled by the greater wing of
the sphenoid. The lateral, posterior, and medial borders
of the foramen are steep-sided, while the anterior border
more gently grades into the inferior surface of the
greater wing of the sphenoid. Approximately 2.2 lateral
to the foramen ovale, the unfused sphenosquamus suture
is visible on the right side, coursing anteriorly in a
gently rounded arc from the anteromedial extent of the
mandibular fossa for ca. 19.0 until its extent is obscured
by damage. What remains of the pterygoid processes is
relatively shortened, such that the medial and lateral
pterygoid plates become salient closer to the basicranium
than is seen in extant humans. Remnants of the left
pterygoid plates bound what is judged to have been a
moderate-sized pterygoid fossa. Around 4.0 superior to
the posteromedial roots of the pterygoid processes, two
small, comma-shaped foramina ramify medially into the
body of the sphenoid, probably representing pharyngeal
canals. Viewed laterally, the left lateral pterygoid plate
is anteroposteriorly expanded, measuring 22.6 from its

posterior margin to its terminus at the spheno-maxillary
fossa; it appears to be more posteriorly inclined than is
typical of modern humans. The lateral face of the left
lateral pterygoid is divided into two moderately deep,
subequal circular depressions by a well-developed ridge
running obliquely inferiorly. The anterosuperior depres-
sion is particularly deeply excavated, being overhung
superiorly by a well-developed pterygoid ridge; it is occu-
pied by a moderate-sized crack.

DISCUSSION

In their analysis of cranial base measures of primates
and early hominids, Dean and Wood (1981, 1982) exam-
ined the only two specimens of A. robustus preserving
sufficient cranial base morphology, TM 1517a and SK 47.
The addition of SKW 18 expands the range of measures
for this taxon (Table 1), probably owing to its status as a
large male individual. In particular, SKW 18 appears as
broad as, or broader than, TM 1517a and SK 47 in all
measures, and longer in most measures except for tym-
panic plate (TP-CC) length and biforamen ovale to
bitympanic line (FO/FO-TP/TP) length (Dean and Wood,
1981, 1982). Interestingly, values for the petrous and
tympanic angles in SKW 18 fall between the two other
A. robustus specimens, suggesting that these angles are
not influenced by absolute size. Inclusion of SKW 18 in
the A. robustus sample causes an overlap in bipetrous
breadth with A. africanus, where previously A. robustus
appeared narrower. The basioccipital length of A. robus-
tus was formerly based on a single juvenile specimen,
SK 47, presenting a remarkably short basioccipital.
SKW 18 possesses a basioccipital which rivals that seen
in A. africanus, A. boisei, and specimens of early Homo,
resulting in overlapping values between these taxa.
SKW 18 retains certain elements of internal cranial

anatomy which are not preserved in any other specimens
of A. robustus. In Sts 5, OH 5, OH 24, and modern
humans, the dorsum sellae is comprised of a thickened
ridge of bone, and the posterior clinoid processes appear
to be at least as broadly positioned as the dorsum sellae,
if not broader. SKW 18, on the other hand, presents a
thin, fragile dorsum sellae, with inwardly (medially)
recessed posterior clinoid processes. The superior orbital
fissures of SKW 18 match the fissure pattern that Rak
et al. (1996) recognized in East African ‘‘robust’’ austral-
opithecines and Homo, but which present as ape-like fo-
ramina in A. afarensis and A. africanus. The posterior
edges of the lesser wings of the sphenoid are more
bluntly rounded than is seen in humans, and they do
not overhang the middle cranial fossa to the same
extent. In this regard, SKW 18 is similar to specimens of
A. africanus (Sts 5 and MLD 6) and H. habilis (OH 24).
In Sts 5 and Sts 19, the carotid sulcus opens well below,
and is clearly demarcated from, the floor of the sella tur-
cica. In SKW 18 and OH 5, the carotid sulcus is not as
distinctly segregated from the floor of the sella turcica.
The carotid sulcus is positioned nearer to the tubercu-
lum sellae in SKW 18, unlike other hominin crania
where it makes a closer approach to the dorsum sellae.
SKW 18 shares a variety of anatomical characteristics

with other specimens of A. robustus from Swartkrans
and Kromdraai (Table 2). Yet owing to a paucity of cra-
nial remains attributed to A. robustus, insufficient infor-
mation regarding intraspecific variability in the cranial
base of this taxon is available; inclusion of SKW 18 in
the A. robustus sample provides additional details. The
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superior petrosal border of SKW 18 displays a similar
morphology to some specimens of A. robustus (SK 1585
and DNH 7), in that the border appears gently rounded
along its entire length. Other specimens (SK 46 and TM
1517a) exhibit a superior petrosal border that becomes
sharper laterally, limiting the value of this feature in
taxonomic diagnoses (see also Ahern, 1998; Lockwood
and Tobias, 1999). Lockwood and Tobias (2002) discussed
the potential utility of the shape of the opening for the
vestibular aqueduct on the posterior petrosal surface for
identifying isolated hominin temporal bones. SKW 18
possesses an opening formed as a right angle, while SK
46, the only other specimen from Swartkrans preserving
this area, has an opening formed as a curved slit, limit-
ing the applicability of this trait in A. robustus.
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TABLE 2. Morphological features of the cranial base that SKW
18 shares with other specimens of A. robustus

1. Superior petrosal border is well-rounded, and does not
overhang posterior cranial fossa

2. Petrous part is coronally oriented
3. Internal occipital protuberance weakly developed and

positioned low, close to opisthion
4. Inferior sagittal limb of cruciform eminence long, low, and

broad
5. Small vermiform fossa evident
6. Venous sinus impressions on posterior cranial fossa in form

of occipital/marginal system
7. Marked expansion of cerebellar impressions on posterior

cranial fossa
8. Weakly inclined nuchal plane
9. Inion positioned low on occipital
10. External occipital protuberance strongly developed
11. External occipital crest strongly developed
12. Nuchal musculature moderately developed
13. Simple supramastoid crest originating from temporal line
14. Absence of compound T/N crest, and presence of

concomitant moderate-sized ‘‘bare area’’
15. Foramen magnum oriented downward and roughly

horizontally
16. Oval-shaped (not cardioid) foramen lacking ectobasionic

process or lateral embayments
17. Foramen magnum positioned well anterior to bitympanic

line
18. Large, heavily pneumatized mastoid processes
19. Mastoids notably laterally inflated, representing most

lateral points on cranial base
20. Mastoids tips slightly inflected beneath cranial base,

positioned close to level of porion
21. Well-developed tympanomastoid groove separates mastoids

from tympanic
22. Deep, narrow, V-shaped mastoid notch
23. Posteriorly extended mastoid notch isolates mastoid process

from remainder of temporal
24. Pronounced juxtamastoid eminence indicated
25. Well-developed occipitomastoid crest confluent with

occipitomastoid suture
26. Prominent paramastoid processes for articulation with atlas
27. External acoustic meatus distinctly laterally positioned
28. Cone-shaped tympanic
29. Tympanic plate nearly vertically inclined
30. Petrous crest well-developed
31. Mandibular fossa deep, with moderate articular eminence
32. Anteromedial recess of mandibular fossa (instead of medial

recess)
33. Postglenoid process small and closely appressed to

tympanic, with both structures merging superiorly
34. Posterior wall of mandibular fossa comprised of tympanic

medially and postglenoid laterally
35. Strong attachment for pterygoid musculature
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Tobias (1967) described an unusual pattern of cranial
blood drainage in OH 5 and SK 859, which was later rec-
ognized in several crania attributed to A. afarensis, A.
robustus, and A. boisei (Falk, 1986a,b; Falk and Conroy,
1983; White and Falk, 1999), as well as some specimens
of A. africanus (Lockwood and Tobias, 2002; Tobias and
Falk, 1988). Falk (1986b) suggested that this occipital/
marginal (O/M) venous sinus pattern was fixed at 100%
in specimens of A. afarensis and ‘‘robust’’ australopithe-
cines, indicating a close phylogenetic link for these taxa.
Kimbel (1984; see also Kimbel et al., 2004) maintained
that this pattern was evident in only 8 of 9 (89%)
A. afarensis crania, and that some modern human popu-
lations are characterized by high frequencies of this trait
(see also Browning, 1953; Das and Hassan, 1970; Wood-
hall, 1936), limiting its phylogenetic valence. SKW 18
displays an O/M system, and thus this feature is re-
corded in 100% (3 out of 3) of A. robustus crania preserv-
ing this area. However, while the O/M pattern is ex-
pressed strongly in SK 859 and to a lesser extent in SK
1585, it is only faintly palpable in SKW 18, indicating
significant intraspecific variability. Strong O/M systems
are present in both large (OH 5) and small (SK 859)
individual ‘‘robust’’ australopithecines, while weak ex-
pression can be found in large individuals (SKW 18), in-
dicating that expression of this trait is unlikely to be a
result of size dimorphism. Although a detectable O/M
system is present in all three relevant specimens of
A. robustus, the expression of the marginal sinus groove
is variable, ranging from bilaterally present (SK 859), to
unilaterally present (SK 1585), to bilaterally undetect-
able (SKW 18). If substantial marginal sinuses were pres-
ent in SKW 18, they most likely drained into the larger
sigmoid sinus, unlike the condition in OH5, where the
sigmoid sinus appears to have been the contributory ves-
sel, emptying into the larger marginal sinus prior to
exiting via the jugular (Tobias, 1967).
Tobias and Symons (1992) hypothesized that A. robustus

might be characterized by a cardioid foramen magnum
similar to that seen in A. boisei (Tobias, 1967) and per-
haps A. aethiopicus (Walker et al., 1986), thus forming a
unique synapomorphic character complex in the ‘‘robust’’
australopithecine lineage. They suggested that this un-
usual shape might be a by-product of the expanded de-
velopment of the O/M venous sinuses as they drained
via the foramen magnum into the vertebral plexus of
veins. With its oval-shaped foramen magnum lacking an
ectobasionic projection or lateral embayments, SKW 18
does not conform to the pattern proposed by Tobias and
Symons (1992). The oval-shaped foramen magnum of SK
47, the only other representative of A. robustus retaining
a relatively complete foramen magnum, is similar to
SKW 18, demonstrating no indication of a cardioid fora-
men magnum in this taxon. This in turn suggests that
cranial blood flow via the foramen magnum into the ver-
tebral plexus was not as significant in A. robustus as in
East African ‘‘robust’’ australopithecines.
The pronounced development of the external occipital

protuberance as a marked ridge in SKW 18 indicates
considerable variability in this structure, possibly relat-
ing to the status of SKW 18 as a large male. This ridge-
like protuberance results in inion being positioned rela-
tively low on the occipital, separating it more widely
from lambda than is indicated in other specimens of
A. robustus. The lack of a compound T/N crest, and
concomitant presence of a moderate-sized ‘‘bare area’’ in
SKW 18, is in broad agreement with other specimens of

A. robustus. Since SKW 18 is a large male, this would
indicate that A. robustus can be characterized by the
lack of a compound T/N crest (Robinson, 1958; contra
Tobias, 1967). The tympanic of A. robustus is not as dis-
tinctly cone-shaped in SKW 18 as in specimens such as
SK 46, SK 848, and SKW 2581. The occipital condyles in
SKW 18 are broader than is seen in other specimens of
A. robustus. The anterosuperior corner of the external
acoustic meatus is ‘‘doubled over,’’ unlike other A. robus-
tus crania, although SK 46 shows a distinct thickening
of the area that almost presents as a ‘‘doubled’’ meatus.
The inferiorly oriented entoglenoid process of SKW 18 is
comprised of equal parts squamosal and sphenoid,
whereas in other specimens of A. robustus, the entogle-
noid is comprised mostly of squamosal bone, with mini-
mal contribution from the sphenoid.
The m. longus capitis tubercles of A. africanus are

anteroposteriorly directed and appear as enclosed bilat-
eral basins (Lockwood and Tobias, 2002, p. 417). In SKW
18, the m. longus capitis basins are more mediolaterally
oriented and bounded anteriorly and posteriorly, but not
laterally, by distinct bony tubercles, thus presenting a
‘‘doubled’’ appearance (Fig. 2b). Other, smaller specimens
of A. robustus such as SK 47 (juvenile) and SK 48
(female?) do not exhibit the pronounced prevertebral
muscular insertions seen in SKW 18. Dean (1985)
hypothesized that in both ‘‘gracile’’ and ‘‘robust’’ austral-
opithecines, m. longus capitis might be the only powerful
flexor of the cranium, resulting from the poor develop-
ment of the mastoids (indicating weaker development of
sternocleidomastoideus) as well as their position behind
the axis of rotation of the occipital condyles. At the same
time, the counterbalance effect of the massive face of ‘‘ro-
bust’’ australopithecines reduced the need for powerfully
developed m. longus capitis muscles, thus accounting for
the weak development of the tubercles in A. robustus vs.
A. africanus. The mastoid processes of SKW 18 are large
and well-developed, and are positioned very close to the
condylar axis of rotation, leaving them as strong cranial
flexors. The m. longus capitis insertions are also power-
fully developed, despite the fact that SK 52 presents sub-
stantial facial architecture. This suggests that size
dimorphism played a significant role in the development
of the prevertebral muscular insertions in A. robustus,
and that both m. longus capitis and m. sternocleidomas-
toidoideus served as important cranial flexors.
Olson (1978) suggested that SK 47 most likely repre-

sented early Homo and not A. robustus, as previously
concluded (Broom and Robinson, 1952; Robinson, 1956).
This suggestion was based in part on a confusion of the
occipitomastoid crest and juxtamastoid eminence, as rec-
ognized in subsequent publications (Kimbel et al., 1985;
McKee and Helman, 1991; Olson, 1985). Nonetheless,
Olson (1985, p. 108) argued that no ‘‘robust’’ australopi-
thecine specimens exhibited a juxtamastoid eminence or
occipitomastoid crest, concluding that a juxtamastoid
eminence had not evolved in the ‘‘robust’’ australopithe-
cine clade, while the occipitomastoid crest was incorpo-
rated into the medial wall of the mastoid process. Others
(Kimbel et al., 1985, 2004; McKee and Helman, 1991)
recognized the presence of a distinct occipitomastoid
crest and juxtamastoid eminence in the Swartkrans
sample, particularly in SK 47. SKW 18 possesses a well-
developed occipitomastoid crest and juxtamastoid emi-
nence that differ only slightly from the configuration in
SK 47, in that these two structures merge posteriorly in
SK 47, but not in SKW 18. SKW 18 also possesses a
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more powerfully developed juxtamastoid process that
overshadows the occipitomastoid crest. The similar oc-
cipitomastoid-region anatomy in SKW 18 and SK 47,
and indeed in all A. robustus specimens in South Africa
(McKee and Helman, 1991), alongside considerable den-
tal evidence (Robinson, 1956), argues against a designa-
tion of Homo for SK 47. The variability evident in this
region across a variety of hominin specimens also argues
against the presence of a unique anatomical link in the
occipitomastoid region between ‘‘robust’’ australopithe-
cines and certain cranial specimens from Hadar (contra
Olson, 1981, 1985), in agreement with previous sugges-
tions (Kimbel et al., 1985, 2004; McKee and Helman,
1991).

CONCLUSIONS

SKW 18 shares a number of morphological traits in
the cranial base that clearly align it with A. robustus. At
the same time, the expanded cranial base hypodigm of
A. robustus is characterized by a notable degree of poly-
morphism, despite a limited number of relevant speci-
mens. Variability in the expression of some traits in this
anatomically conservative region, such as the develop-
ment of the O/M system, does not appear to be linked to
size dimorphism. Nevertheless, sexual dimorphism is
evident in that males are characterized by large, inflated
mastoids; well-developed nuchal muscle attachments,
including pronounced external occipital protuberance de-
velopment; and prominent development of the preverte-
bral musculature. No specimen of A. robustus presents a
compound T/N crest, not even large males (e.g., SK 49
and SKW 18). The presence of an O/M system in SKW
18 confirms the fixity of this trait in A. robustus, though
the lack of a cardioid foramen magnum differentiates
this character complex from that evinced by A. boisei.
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