Australopithecine Endocast (Taung Specimen, 1924):

A New Volume Determination

Abstract. A redetermination of endocranial volume of the original 1924 Taung
australopithecine described by Dart indicates a volume of 405 cubic centimeters,
rather than the 525 cubic centimeters published earlier. The adult volume is esti-
mated to have been 440 cubic centimeters. This value, plus other redeterminations
of australopithecine endocasts, lowers the average to 442 cubic centimeters, and
increase the likelihood of statistically significant differences from both robust
australopithecines and the Olduvai Gorge hominid No. 7.

In the course of an investigation of
the endocranial remains of the South
African uustralopithecines, it became
apparent that the endocranial volumes
already published (Z), particularly that
of the Tanng child’s endocast, required
more accurate determinations. The rea-
sons for this are threefold: (i) the actual
methods of past volumetric determina-
tions have not been adequately de-
scribed; (ii) the published value for the
Taung endocast, discovered and de-
scribed by Dart in 1925, is given as 525
cm3, a value which seemed clearly high
to me when I examined both casts and
the original; (iii) a recent spate of arti-
cles (2) have appeared debating the sig-
nificance of the Olduvai specimen No.
7. using the original values of australo-
pithecine endocranial capacity, which
are, in my opinion, incorrect. With the
kind permission and invitation of Pro-
fessor Tobias, a full study of the South
African fossil endocasts was under-
taken, and this report covers the results
on the Taung endocast, for which three
different reconstructions of a complete
hemi-endocast were made.

A mold was first made of the original
specimen, and several plaster of paris
casts were obtained. These casts were
carefully checked against the original,
and all measurements were found to
be accurate within 0.1 mm. The next
step in the reconstruction was to ascer-
tain the midsagittal plane accurately,
since it appeared upon close examina-
tion that previous casts were faulty in

" this respect. Since a plane can be de-
fined by a minimum of three points,
it was decided to select three points
reasonably spaced apart from each
other along the median sagittal groove.
By setting the cast on its convex side
on a flat and level surface, and using
three fine-pointed spikes in the same
planc as the flat surface, it was possi-
ble to orient the casts such that the
three points and pointers perfectly co-
ircided. Once this was done, and the
casi made stable with Plasticine, it was
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a simple matter to scribe a very thin
line around the available circumference
of the cast.

Following this, the excess broken
surface was sanded down exactly to the
scribed line. Next, the petrosal fossa
was cut out to approximate the cleft
left by the petrous portion of the tem-
poral bone, filled with breccia in the
original specimen. In addition, a small
segment of plaster was carved away in
the sylvian fissure region, representing
adhering bone matrix on the original
endocast. The casts were next totally
immersed in dilute Glyptal until no
further air bubbles arose, and when
dried, were coated with a thicker solu-
tion of Glyptal, and then immersed in
water to make certain no further bub-
bles arose, indicating a perfect water-
proof surface. The casts were then mea-
sured again, and no differences were
found in measurements.

By using the frontal portion of the
endocast still imbedded in the facial
fragment as a guide, and the frontal
contours of the endocast, a frontal pole
portion was made of Plasticine and
mounted on the treated endocast. Each
endocast was reconstructed afresh, the
only difference being in the orbital
rostrum, which is of no significant
volumetric value. Additional Plasticine
reconstructions were added to the in-
feromedial aspect of the cerebellum,
the medulla to the level of the foramen
magnum, the anterior tip of the tem-
poral lobe, a small portion of the sig-
moid sinus, the lateral surface of the
posterior frontal and anterior parietal
lobes, and various small pits and depres-
sions. In this way, each hemi-endocast
was fully reconstructed. Finally, prior
to volume determination by water dis-
placement, the Plasticine surfaces were
waterproofed and checked by immer-
sion.

Each cast was measured five times
in a 500-ml beaker filled with an arbi-
trary volume of water, and placed on a
flat, level surface with a strip of trans-

lucent tape running vertically on the
beaker. The endocast was first wetted
under a faucet, shaken to remove ex-
cess water, and immersed with fine
string into the beaker. The resulting
level, after complete immersion, was
marked on the tape with a fine pencil
line at both upper and lower meniscus
levels with the eyes parallel to the levcl
of the menisci. The endocast was then
removed, and excess water was shaken
carefully back into the beakcr. By the
use of graduated cylinders marked to
1 cm3, water was replaced into the
beaker until the meniscal levels reached
the levels marked on the tape, thus
giving an accurate indication of the
volume of water displaced by the en-
docast. This was repeated five times
for each endocast. The total volume
was calculated by assuminz perfect
cerebral symmetry and multiplying the
volume figure for the hemi-endocast by
two. Almost all volume determinations
were within 1 to 3 cm3 of each other,
and the volume taken up by the string
was less than 0.5 cm3. The average of
the first reconstruction was 404 cm?,
the second was 398 cm3, and the third
was 406 cm3.

Some special remarks are necessary
at this point, since in my opinion not
all reconstructions were of equal merit.
First, reconstruction No. 2 thould be
deleted from further consideration be-
cause the midline surface was slightly
oversanded, and the temporal tip was
found to have been made too thick when
compared back to the fragment still
residing in the original facial fragment.
The first and third reconstructions werc
more acurate, particularly the first.

Second, while interpretation of the
true midline is made somewhat difficult
by prior preparation and indistinctness
along parts of its length, the midline
chosen matches perfectly a midline ob-

Table 1. New and previous calculations of the
endocranial volumes of the South African
australopithecines.

Volumie (cr;l" )

Specimen

This Previous

study study
Taung 440%* 525 to 600
STS 60 (Ples. 1) 428 436
STS 5 (Ples. 5) 485 480
STS 19/58 (Ples. 8) 436 550 to 570
STS 71 (Ples. 7) 428 480 to 520
MLD 37/38 435 480
Olduvai hominid 5% 530 530
SK 1585 530
* Calculated adult volume. t “Zinj.”
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Table 2. Student’s f-test values and probabilities of significance of differences in various
comparisons of endocranial volumes.
- w‘Comparison df. t P
Gracile vs. robust 6.69 <.001
Gracile and robust combined vs. Olduvai hominid No. 7 | 7 4.07 <.01, >.001
Gracile vs. Olduvai hominid No. 7 94 < .0005
Robust vs, Olduvai hominid No. 7* 10 34 < .01, >.001
752-cm* male gorilla vs. average 550-cm® male

gorilla (10, 11) sample 62 3.26 <.01, >.001

* Assumes robust average = 530 cm3; N = 6;

S.D.
Olduvai homind No. 7 average = 657 cm®; N = 6;

tained by using all midline landmarks
on the combined face, frontal bone, and
endocast, a check performed indepen-
dently by Tobias, Alun Hughes, and
myself. Nevertheless, to check for the
amount of possible error, the following
was done. The flat midline surface of
reconstruction No. 1 was placed on
good tracing paper, and its outline was
traced. A planimeter was then used to
obtain the surface area enclosed. By
multiplying this area by a thickness of
1 mm. a probable value of error was
determined. Seven such readings were
made, resulting in an average volume
of exactly 7 cm3, ranging between 6.98
and 7.03 cm® Thus even if the mid-
line were incorrectly chosen within 1
mm, ii would make no more than a
difference of 7 cm? in the final volume.
The independent check mentioned above
showed that the midsagittal plane cho-
sen was well within 1 mm.

Third, some other figures are of in-
terest. On reconstruction No. 3, the un-
reconstructed cast, sanded to true mid-
sagittal plane, gave a volume of 192
cm?, With removal of the petrosal area
and sylvian fragment, the volume was
186 cm3, The frontal piece recon-
structed measured about 15 cm3, Thus,
while some variations in volume might
occur in reconstructed portions, they
are quite minor, suggesting that the vol-
umes obtained in this work are very
accurate.

On the basis of the teeth of the Taung
specimen, Tobias (3) has calculated that
this specimen had reached 92 percent
of its total adult volume. As there is
no basis for doubting this assessment,
the total adult volume of the Taung
endocast should be given as 440 cms3.

Five other gracile australopithecine
endocasts were reexamined by me, and
volumes were determined with different
methods (4) (see Table 1). Of these,
specimens STS 5 and STS 60 were
found to be almost exactly as previously

= 53; coefficient of variation — 10; further assumes
S.D. = 65; coefficient of variation = 10,

published, 485 and 436 cm® respec-
tively. Specimen MLD 37/38 was cal-
culated to be 435 cm? rather than the
480 cm3 value given by Dart (5). Speci-
men STS 19 was redetermined by using
a partial endocast method on the cranial
base, and using ratios determined on
those australopithecines having the
same area complete (6). The variation
was less than 2 percent, and a volume
of 436 cm® was obtained. Specimen
STS 71 (Ples. Trans. No. 8) (7) was
found to be 428 cm3 after recon-
struction. This results in a gracile aus-
tralopithecine average of 442 cm?® for
cranjal capacity, with a standard devi-
ation of 21.59, and a coefficient of vari-
ation of 4.88 (8). When the values of
the robust specimens, Australopithecus
(“Zinj”) boisei and the SX' 1585 briefly
described by Brain (9), both 530 cm3,
are taken into consideration, the com-
bined average is 464 cm3, with a stan-
dard deviation of 44.71, and a coeffi-
cient of variation of 9.63.

Table 2 offers a short statistical anal-
ysis, using Student’s r-test (two-tailed).
While these values all indicate that the
South African australopithecines differ
significantly between robust and gracile,
and between either and the Olduvai
hominid No. 7 (“pre-Zinj”), it would
be premature to accept these tests with-
out extreme caution, since the sample
sizes are very small. I have included
in Table 2 a test between the giant
752-cm3 gorilla male value (I0) and
those of a large male gorilla sample
(11), to indicate that it is possible for
one specimen to differ significantly
from another sample of the same spe-
cies. Brace (12) has suggested that ro-
bust and gracile forms are but male
and female specimens, that is, that the
difference is nothing more than sexual
dimorphism. On the basis of the above
results, a sexual dimorphism of 16.6
percent would result, given this assump-
tion. This is a most unlikely explana-

tion when it is remembered that the
gorilla, a species with extraordinary
sexual dimorphism among primates,
shows only 16.3 percent dimorphism
un.

.+ The conclusions of Wolpoff (2), re-

garding the Olduvai hominid No. 7
as being the same species as the gracile
South African form, cannot be sup-
ported by these results, as Pilbearun’s
(2) comments show, although these a»
based on previous incorrect valucs
While the precise taxonomic differences
between robust and gracile forms re
main to be determined, these results,
plus the considerations of the rest of
the morphology of the skull and tecth,
and the localities of the finds, all sug-
gest that the difference is most likelv
specific. It also apears very likely that
the Olduvai No. 7 specimen represents
a different taxon than either robust or
gracile South African australopithecine
forms (13).

RarpH L. Horroway
Department of Anthropology,
Columbia University,
New York 10027
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