
Endocranial Capacity in an Early Hominid 
Cranium from Sterkfontein, South Africa 
Glenn C. Conroy,* Gerhard W. Weber, Horst Seidler, 

Phillip V. Tobias, Alex Kane, Barry Brunsden 

Two- and three-dimensional computer imaging shows that endocranial capacity in an 
-2.8- to 2.6-million-year-old early hominid cranium (Stw 505) from Sterkfontein, South 
Africa, tentatively assigned to Australopithecus africanus, is -515 cubic centimeters. 
Although this is the largest endocranial capacity recorded for this species, it is still 
markedly less than anecdotal reports of endocranial capacity exceeding 600 cubic 
centimeters. No australopithecine has an endocranial capacity approaching, let alone 
exceeding, 600 cubic centimeters. Some currently accepted estimates of early hominid 
endocranial capacity may be inflated, suggesting that the tempo and mode of early 
hominid brain evolution may need reevaluation. 

Understanding the tempo and mode of 
human brain evolution remains one of pa- 
leoanthropology's greatest challenges. Much 
of the difficulty derives from the fact that 
there are still relatively few early hominid 
crania for which reasonable estimates of 
endocranial capacity (used as a surrogate for 
actual brain size in paleontological studies) 
can be determined. For this reason, each 
new fossil discovery that provides reason- 
able endocranial capacity estimates is ex- 
tremely important for models of early hom- 
inid brain evolution. 

In 1989 the late Alun R. Hughes re- 
covered a large hominid cranium, Stw 
505, in situ from Sterkfontein Member 
4, dated to -2.8 to 2.6 million years ago 
(1  ). The specimen, which we have dubbed 
"Mr. Ples," preserves much of the face 
and left side of a large, presumably male, 
adult cranium and is the most com- 
plete early hominid cranium recovered 
from Sterkfontein since the discovery of 
Sts 5 ("Mrs. Ples") just over 50 years ago 
(Fig. 1). 

The specimen has recently been cited 
as an example of Australopithecus afncanus 
and has been anecdotally reported as 
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having an endocranial capacity exceeding 
600 cm3 (2). Such an endocranial capac- 
ity, if correct, would be astounding in any 
australopithecine, let alone one dated to 
such antiquity. It would exceed the largest 
published A .  africanus endocranial capac- 
ity by over 100 cm3 and would approxi- 
mate, or even exceed. the endocranial ca- 
pacity of several early Homo specimens 
from East Africa nearlv 500.000 to 
1,000,000 years younger in age [for exam- 
ple, O H  16 (638 cm3), O H  24 (594 cm3), 
KNM-ER 1805 (582 cm3), and KNM-ER 
1813 (510 cm3)]. The sample range of 
endocranial capacity values for A .  africa- 
nus would more than triple from the cur- 
rent extent of 60 cm3 (425 to 485 cm3) . - 
and the mean value for endocranial capac- 
ity would increase from 440 cm3 to over 
460 cm3. Thus, verification of this esti- 
mate of "Mr. Ples" endocranial capacity is 
needed. 

To  evaluate the endocranial capacity of 
this remarkable yet incomplete specimen, 
we first generated a complete series of 
high-resolution, 1-mm-thick, transaxial 
computed tomography (CT) scans of the 
cranium. Even though the cranium is 
heavily mineralized, the CT scans do not 
have anv noticeable artifacts like beam- 
hardening or scattering and preserve the 
full svectrum of internal details of osteo- 
logical structures. From these CT data we 
then produced a geometrically accurate 
three-dimensional (3D) computer model 
of the cranium (Fig. 1)  (3). We tested the 
reconstructed cranium for accuracy by 
comparing linear measurements against 
the original specimen. Accuracy was with- 
in 0.5%. Even though there is some plastic 
deformation in the facial skeleton of Stw 
505, particularly in the maxilla, the mid- 
sagittal plane of the endocranium is easily 
identified by the presence of a well-devel- 
oped frontal crest for attachment of the 
falx cerebri. We used such midline land- 
marks to model a complete 3D cranium, 
including the missing portions, by mirror- 
imaging the specimen assuming that sym- 
metry is bilateral around this midsagittal 
plane (Fig. 2). 

The program allowed the enclosed en- 
docranial cavity to be rendered as a separate 
3D object ("virtual endocast") and calculat- 
ed its volume directly (Fig. 3). The resulting 
"virtual endocast" of "Mr. Ples" has a vol- 
ume of 5 13 cm3. 

We checked the accuracy of our 3D 
computer model by making the cranial 
bones transparent in order to visualize the 
virtual endocast. As can be seen in Fig. 3 
there is no obvious incongruity between 
the volume-rendered cranium and its vol- 
ume-rendered endocranial cavity. In other 

Fig. 1. Stw 505. (Left) Original specimen; (right) computer-generated 3D reconstruction from serial CT 
data. 
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words, this smaller than expected endocra- 
nial capacity determination was not pro- 
duced because we somehow missed Dart of 
the endocranium in generating our comput- 
er model. O n  the contrary, there is a gap 
between the left parietal and temporal 
bones along the squamosal suture that arti- 
ficially increases the virtual endocast vol- 
ume by about 8 cm3, artificially enlarging 
the total volume bv -16 cm3. We further 
tested the reliability of our virtual endocast 
method with hieh-resolution scans of 10 " 
Homo sapiens skulls and compared the com- 
puted endocranial capacity results against 
known capacity determined directly by fill- 
ing each cranium with mustard seed. The 
observed error was -2% of the total volume 
( 4 ) .  

We also calculated endocranial volume 
for every relevant 1-mm CT slice in the 
entire data set. 106 slices in all. Endocranial 
volume determined by this method resulted 
in a value of 518 cm3. verv close to the . , 
virtual endocast value. 

We further verified these comDuter- 
generated results by calculating the vol- 
ume of water needed to fill the endocra- 
nium using a detailed cast of the original 
specimen. We built up from Plasticine the 
missing portions of the posterior cranial 
fossa and then filled half the endocranium 
with water. so that the meniscus coincided 
with the median sagittal plane. The water 
was then carefully poured into a graduated 
cylinder (tolerance ? 10 ml) and its vol- 
ume recorded. Total endocranial capacity 
was determined by simply doubling this 
figure and subtracting 16 cm3 from this 
total, our estimate of increased volume 
caused by plastic deformation along the 
squamosal suture. This test was repeated 
nine times, resulting in a mean endocra- 

nial capacity determination of 515 cm3 
(range of 482 to 536 cm3). Thus, all meth- 
ods are consistent with an endocranial 
capacity estimate of -515 cm3 for "Mr. 
Ples" (5). 

Even though a value of about 515 cm3 
is much smaller than earlier anecdotal 
reports about this cranium, it still exceeds 
the largest value for six other A. afncanus 
crania so far determined or estimated, such 
as that of "Mrs. Ples" (Sts 5) with a ca- 
pacity of 485 cm3. It is of course possible 
that Stw 505 may represent a new homi- 
nid taxon at Sterkfontein. but onlv further 
study will resolve that issue (6). 

Our calculations for Stw 505 suggest 
that it would be worthwhile to reexamine 
endocranial capacity estimates for other 
early hominids, upon which all theories 
concerning the tempo and mode of hu- 
man brain evolution are based [for esti- 
mates of early hominid endocranial capaci- 
ties, see (7-lo)]. Superficial inspection of 
the exterior of some early hominid crania 
such as O H  24, KNM-ER 1813, and 

Fig. 3. Cranium of Stw 505 rendered transparent 
in order to visualize its "virtual endocast." 

KNM-ER 732 suggest that these calvariae 
are smaller than that of Stw 505, yet pub- 
lished endocranial capacity estimates for 
these three specimens are similar to, or even 
larger than, the value for Stw 505 (594, 
510, and 506 cm3, respectively). Further- 
more, endocranial capacity measured by wa- 
ter volume in a detailed cast of another A. 
afncanw specimen, Sts 71, shows that its 
endocranial capacity was probably closer to 
370 cm3, very near the mean value for 
female chimpanzees, and not the currently 
accepted 428 cm3 (7-10). 

The recoenition that no australo- " 
pithecine has an endocranial capacity ap- 
proaching, let alone exceeding, 600 cm3, 
and that several key early hominid endocra- 
nial estimates may be inflated, suggests that 
current views on the tempo and mode of 
early hominid brain evolution may need 
reevaluation. 
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Fig. 2. (Left) computer-generated 3D reconstruction of Stw 505; (right) computer-generated 3D 
mirror-image model of Stw 505 with "missing" portions of the cranium reconstructed. 2 March 1998; accepted 10 April 1998 
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