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ABSTRACT Earlier reconstructions of the Taung
endocast, from the juvenile type specimen for Australo-
pithecus africanus, were achieved without benefit of the
advanced computer technology that is available today and
before morphological differences were identified that
distinguish endocasts of Paranthropus from those of A.
africanus. Here, we reconstruct and measure a relatively
complete virtual endocast of Taung and provide a new cra-
nial capacity estimate of 382 cm3 and a projected adult
capacity of 406 cm3, which are smaller than previous esti-
mates. Linearmeasurements and ratios were also obtained
from an endocast of Sts 5 and five Paranthropus endocasts
and compared with those of Taung. A number of previously
unrecognized foramina, processes, and canals are identi-

fied in the bony material that adheres to the base of the
Taung endocast. The newly reconstructed virtual endocast
of Taung displays a number of shape features that sort it
more closely with gracile than robust australopithecines,
including squared-off frontal lobes in dorsal view, and the
shape of the tips of its temporal poles. The Taung endocast
also shares some features with Paranthropus endocasts,
while other characteristics such as small temporal lobes
may be due to its juvenile status. Just howmuch of Taung’s
unique morphology is due to its juvenile status may
eventually be clarified by comparing its endocast with
those from other juvenile australopithecines such as the
3.3-million-year-old juvenile from Dikika, Ethiopia. Am J
Phys Anthropol 134:529–534, 2007. VVC 2007 Wiley-Liss, Inc.

The Taung skull (Australopithecus africanus) consists
of a natural endocast that reproduced external morphol-
ogy from the right hemisphere of the brain, a separate
portion that contains the face and articulates with the
endocast (Dart, 1925), and a mandible that occludes with
the maxillary dentition contained in the facial portion.
The frontal and right temporal poles are separated from
the endocast and embedded in the back of the facial
fragment (Schepers, 1946, 1950). Taung manifests sev-
eral Paranthropus-like traits including a sixth cusp on
its mandibular first molars (Wood and Abbott, 1983), the
shape of its maxillary first molars (Wood and Engleman,
1988), an intrapalatal extension of the maxillary sinus
(Conroy and Vannier, 1987), and an enlarged occipital/
marginal (O/M) venous sinus on the endocast (Tobias
and Falk, 1988; Falk et al., 1995; Falk, 2008). Certain
shape features that distinguish the frontal and temporal
lobes of Australopithecus africanus and Paranthropus
(Falk et al., 2000) were not known during earlier recon-
structions of the Taung endocast (Schepers, 1946;
Holloway, 1970), nor had advances in computerized
imaging technology yet become available for removing
much of the guesswork from mirror imaging, recon-
structing, and measuring virtual endocasts (Falk, 2004).
The use of computerized imaging has been validated

for visualizing and analyzing endocasts in ways never
possible before (Conroy and Vannier, 1985, Tobias 2000),
and permits electronic measurement of virtual endocasts
from different angles while maintaining their orientation
within a particular plane, which is extremely difficult to
do by hand. Projected measurements (as opposed to
chords) are easily and accurately obtained electronically,
but devilishly tricky to do by hand. Electronic measure-
ments are highly repeatable (Falk et al., 2005, 2008).
For these reasons, electronic analyses of virtual endo-

casts are often preferable to those that rely on measure-
ments taken by more traditional methods (see Tobias,
2000; Falk, 2004 for details). Later, we apply these tech-
niques to provide a new virtual reconstruction and cra-
nial capacity estimate, 14 linear measurements, and 20
ratios for the Taung endocast. These data are compared
with those from one other A. africanus endocast (Sts 5)
and five Paranthropus endocasts (WT 17000, OH 5, SK
1585, ER 23000, and WT 17400). We also identify foram-
ina and other features on the bony fragments that
adhere to the base of the Taung endocast.

MATERIALS AND METHODS

RC reconstructed the right temporal pole of the Taung
endocast by applying wet plaster of Paris to the impres-
sion (very lightly greased) of its tip that is embedded in
the back of the original face. A good quality epoxy cast
of the endocast was then quickly locked into position
against the back of the facial portion and firmly bound
until the plaster had set. When the endocast was then
removed, it had a perfect plaster replica of the tip of the
temporal lobe in its correct position (Fig. 1). The endo-
cast was then sent to the first author (DF), who identi-
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fied previously unrecognized bony features that adhere
to its base (Fig. 1).
The endocast with its newly attached temporal pole

was scanned with a Konica Minolta Vivid Model no. 910
noncontact 3D digitizer. The digitizing process captured
3D data from all surfaces of the endocast using multiple
scans rotated at 308 intervals. Using commercially avail-
able software (Raindrop Geomagic, Research Triangle
Park, NC), the data were processed, visualized, and
inspected for artifacts and damaged areas. The software
increased tension on the clear midline that courses along
the endocast’s dorsal surface and continues ventrally
midway between the orbits and medial to the fragment
of the left pterygoid process that adheres to the endo-
cast’s ventral surface, creating a smooth midline along
which the right hemisphere was electronically mirrored.
A gap was left in the mirrored endocast at the surface of
the midline in the cerebellar regions, and a 3D hard
copy of this bilateral endocast was produced using a
high-definition 3D printer (Z-corp Spectrum Z-510). DF
then used modeling clay to reconstruct the medial por-
tions of the cerebellum and medulla to the level of the fo-
ramen magnum in the gap of the hard copy, using the

mirrored bony fragment of the occipital condyle and
trace of the right marginal sinus (Tobias and Falk, 1988)
as guidelines.
The back of the facial fragment contains a roughly tri-

angular area where the frontal poles are embedded that
matches the shape of the truncation of the frontal lobes
on the endocast. DF carved the polar region out of the
back of a slightly damp plaster copy of a Wenner-Gren
cast of the facial fragment using the triangular patch,
the orbital plates lateral to it, the superior borders of the
front part of the orbits in the face, and the contours and
thickness of the frontal bone as guides. (Several models
were referred during the carving process, including an
endocast and cast of the interior of the Skull of Sts 5, an
endocast and the interior of a cast of the skull of WT
17400, and an endocast and stereolithographic model of
the skull of Sts 71.) The carved shell of the frontal poles
was then cast and the resulting partial endocast affixed
to the remodeled solid copy of the mirrored endocast,
matching the triangular outlines of the two pieces. This
composite specimen was scanned with the Konica Mi-
nolta no. 910 digitizer, and the data were processed
and analyzed electronically (using Geomagic) in order to

Fig. 1. Cast of the Taung natural endocast shown in basal view with the frontal lobes at the top. The endocast consists mostly
of the right hemisphere and is shown here unreconstructed except for the newly-attached tip of the temporal lobe (TP). The image
on the right is a key for identifying the morphology that is reproduced on the specimen in the unlabeled image on the left. The
endocast has bony fragments (gray) and matrix (black) adhering to it. The larger posterior portion of matrix probably contains in-
ternal parts of the petrous temporal bone, since it fills the cleft that is ordinarily created on endocasts by that bone. The left ptery-
goid fossa and laminae are slightly misaligned relative to the maxillary dentition (not seen here) due to postmortem distortion.
Abbreviations: C, chip of bone that adheres to the lateral surface of the right hemisphere; LL, lateral lamina of pterygoid process;
ML, medial lamina of pterygoid process; M, marginal sinus; O, occipital sinus; OC, fragment of right occipital condyle; OR, bony or-
bital plate; OV, foramen ovale in chip of bone; PF, pterygoid fossa, SIG, sigmoid sinus; TR, transverse sinus. Arrows: 1, hypoglossal
canal; 2, jugular foramen; 3, carotid canal; 4, triangular area of truncated frontal lobes (the remainder of which are embedded in
the facial fragment). [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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register the electronic images of the newly reconstructed
basal and frontal regions to the initial electronic version
of the mirrored endocast. A hard copy of this final endo-
cast was produced using the high-definition 3D printer.
The volume of the virtual endocast with its adhering

matrix and bony fragments was electronically deter-
mined to be 399 cm3 (Fig. 2). Electronic removal of the
matrix that filled the cleft created by the petrous portion
of the temporal bone and the bony fragments that
adhere to the inferior and lateral surfaces of the natural
endocast (Fig. 1) yielded a corrected volume for the vir-
tual endocast of 382 cm3. The matrix between the tempo-
ral poles (near sella turcica) was not completely removed
because there were no obvious landmarks to guide the
process. This excess was balanced to some extent by
leaving the slight erosion on the lateral surface of the
endocast uncorrected. The 382 cm3 estimate is consistent
with independent corrections obtained by reproducing
the visible portions of the matrix and bony fragments in
modeling clay, determining their volume by water dis-
placement, and subtracting the value from 399 cm3.
Fourteen linear measurements that have traditionally

been used to describe australopithecine endocasts
(Schepers, 1946, 1950; Tobias, 1967; Falk et al., 2000)
were obtained electronically from the completed endocast

on three occasions, averaged to obtain the final measure-
ments, and ratios computed from these means (Fig. 3 and
Table 1). These measurements were highly consistent
with an average measurement error across all of the
means of less than 1%. The mean measurements were
also checked by independently measuring a hard copy of
the endocast with calipers. Twenty ratios were computed
from the 14 measurements (Table 1). For comparative
purposes, the Sts 5 endocast from DF’s collection was
imaged and measured electronically using the same pro-
cedures that were applied to Taung. Ratios were also com-
puted from measurements collected with calipers from
Paranthropus endocasts in DF’s collection (WT 17000,
OH5, SK 1585, ER 23000, and WT 17400) (Table 1).

RESULTS

Ratios 1–10 (Table 1) pertain to overall endocast
shape. Our measurements for cerebral length and width
are shorter than previous estimates, which causes a
number of our observations to differ from earlier reports
(Schepers, 1946, 1950). Taung’s width/length ratio is
somewhat smaller than Sts 5’s (ratio 1), rather than
being exceptionally dolichencephalic as initially des-
cribed (Schepers, 1946). Taung and Sts 5 are, however,

Fig. 2. Clockwise from top-left: basal, dorsal, occipital, and right lateral view of the Taung’s virtual endocast aligned with the
frontal pole and occipital poles on the horizontal axis. The volume of the endocast as pictured (with adhering matrix and bony frag-
ments) is 399 cm3; electronic removal of this material yields a volume of 382 cm3. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com.]
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more dolichencephalic than Paranthropus endocasts
that, conversely, are wider relative to length (Ratio 1),
especially at their caudal ends (Ratios 6, 7). Paranthro-
pus endocasts also have a relatively narrow frontal
width compared with maximum width (ratio 10). These

findings are consistent with the signature teardrop
shape of robust australopithecine endocasts in dorsal
view (Falk et al., 2000). Despite having a Paranthropus-
like enlarged O/M sinus caudally (Tobias and Falk,
1988), the dorsal outline of the Taung endocast is not

TABLE 1. Endocast measurements (mm) and ratios

Taung Sts5 WT 17K OH 5 SK 1585 ER 23000 WT 17400

1 Endocast hgt 78.5 79.1 74 82 83
2 lgth 116.0 122.0 116 126 122
3 wdth 85.5 93.0 91 103 96 100 100
4 fro wdth 75.4 83.0 74 63
5 cbell wdth 66.8 73.8 78 85 74 81
6 cbell wdth w/sigs 70.7 81.3 83 90 82 89
7 cbell hgt 21.8 25.3 22 23
8 cp–tp 75.2 78.7 79 93 78
9 notch-tp 56.4 64.4 60 68 62
10 tp–tp 42.9 56.6 54 44
11 bat–bat 44.4 55.4 50 45
12 mat–mat 73.0 83.4 74 68
13 base fro 34.0 35.7 34 29
14 tp-Fp 50.6 54.4 48 50 34

Volume (cc) 382 473 410 500 476 491 390
Volume

reference
This

paper
This

paper
Walker et al.

(1986)
Falk et al.

(2000)
Falk et al.

(2000)
Brown et al.

(1993)
Holloway

(1988b)
1 wdth/lgth 0.74 0.76 0.78 0.82 0.82
2 hgt/lgth 0.68 0.65 0.64 0.65
3 hgt/wdth 0.92 0.85 0.81 0.80 0.86
4 cbell hgt/hgt 0.28 0.32 0.27 0.28
5 cbell wdth/wdth 0.78 0.79 0.86 0.83 0.77 0.81
6 cbell wdth/lgth 0.58 0.61 0.67 0.67 0.66
7 cbell wdth sigs/lgth 0.61 0.67 0.72 0.71 0.73
8 cbell wdth /fro wdth 0.89 0.89 1.05
9 fro wdth/lgth 0.65 0.68 0.64
10 fro wdth/wdth 0.88 0.89 0.81 0.63
11 cp–tp/lgth 0.65 0.65 0.68 0.74
12 notch-tp/lgth 0.49 0.53 0.52
13 notch-tp/cp-tp 0.75 0.82 0.76 0.79
14 tp–tp/lgth 0.37 0.46 0.47
15 tp–tp/hgt 0.55 0.72 0.73
16 tp–tp/wdth 0.50 0.61 0.59 0.44
17 tp–tp/fro wdth 0.57 0.68 0.73 0.70
18 bat–bat/mat–mat 0.61 0.66 0.68 0.66
19 bat–bat/base fro 1.31 1.55 1.47 1.55
20 tp–tp/tp–Fp 0.85 1.04 1.13 1.29

base fro, length of rostral frontal lobe in basal view; bat, most anterior point on temporal lobe from basal view; cbell, cerebellum;
cp, cerebellar pole; Fp, frontal pole; fro, frontal; mat, most lateral point on endocast at level of bat; notch, cerebello-temporal notch;
tp, tip of temporal pole.
Taung and Sts 5 belong to Australopithecus africanus, the other specimens are Paranthropus. Measurements for Taung and Sts 5
were obtained electronically; the others were collected with calipers. Original references are provided for the listed endocast vol-
umes. The 20 ratios were computed from the 14 linear measurements.

Fig. 3. Key to linear measurements 1–14 in Table 1; right lateral, occipital, and basal views. Landmarks: bat, most anterior
point on temporal lobe from basal view; cp, cerebellar pole; fp, frontal pole; mat, most lateral point on endocast at level of bat; n,
cerebello-temporal notch; op, occipital pole; tp, temporal pole. For comparative purposes, unilateral measurements were obtained
from right hemispheres.

532 D. FALK AND R. CLARKE

American Journal of Physical Anthropology—DOI 10.1002/ajpa



teardrop shaped (Fig. 2). Instead, it resembles the out-
lines of Sts 5, Sterkfontein No. 2, Sts 60, and Stw 505,
which are relatively squared-off at the rostral ends of
their frontal lobes (Falk et al., 2000).
Our reconstruction of Taung permits precise measure-

ments involving the temporal poles (Table 1, Ratios
11–20). Length of the back part of the endocast is approxi-
mated by the distance between the cerebellar and tempo-
ral poles (cp–tp), which is relatively longer compared with
endocast length in robust than in gracile australopithe-
cines (Ratio 11), consistent with the elongated frontal
lobes of the latter in orbital view (Falk et al., 2000). How-
ever, the distance between the cerebello-temporal notch
and the tip of the temporal pole (a proxy for temporal lobe
length) is absolutely and relatively shorter in Taung than
in the other australopithecines (Ratios 12 and 13), which
probably reflects its juvenile status (Schepers, 1946).
Taung’s immaturity may also account for the abso-

lutely and relatively short distance between the tips of
its temporal poles (tp–tp) compared with Sts 5 and WT
17000 (Ratios 14–20), as suggested by Schepers’ observa-
tion that ‘‘Taung’s temporal pole is deflected markedly
medially at its tip’’ (Schepers, 1946). Despite the fact
that WT 17400 has a recently erupted third molar, its
tp–tp measurement is only about 1 mm wider than
Taung’s. Nevertheless, tp–tp of WT 17400 is much
smaller relative to maximum endocast width (Ratio 16)
than Taung’s, Sts 5’s, or WT 17000’s. The reverse is true
for tp–tp relative to the distance between the right tem-
poral and frontal poles (Ratio 20) because the frontal
lobes of WT 17400 are extremely foreshortened (also
reflected in Ratio 19). It is also important to note that
the tips of Taung’s temporal poles appear pointed like
those of Sts 5 and less rounded and blunt like those of
WT 17000, SK 1585, and WT 17400 (Fig. 2), which is
one of the characteristics that distinguishes gracile from
robust australopithecines (Falk et al., 2000).
Endocast volumes of 382 and 473 cm3 were obtained

electronically for Taung (after electronically removing
adhering matrix and bony fragments) and Sts 5, respec-
tively. Taung’s capacity is 23 cm3 smaller than the �405
cm3 estimate (Holloway, 1970) that was published before
virtual imaging technology became available for recon-
structing endocasts (Falk, 2004). Taung’s cranial volume,
uncorrected for age, of 382 cm3 is nearly equal to the esti-
mate for WT 17400 and only 28 mm below that for WT
17000 (Table 1). The endocast differences noted earlier
between Taung and these two robust australopithecines
are therefore unlikely to be due to allometric scaling. An
adult estimate for Taung’s cranial capacity was obtained
from the ratio between the mean cranial capacity for
chimpanzees that (like Taung) have ‘‘milk dentition with
the first permanent molars erupting or erupted’’ (365
cm3) and the mean cranial capacity for adult chimpan-
zees ‘‘with all permanent teeth fully erupted’’ (390 cm3),
which equals 0.94 (Ashton and Spence, 1958). Thus,
Taung’s juvenile capacity of 382 cm3 is 94% of 406 cm3,
which is our new adult estimate and is �92% of an ear-
lier adult estimate of 440 cm3 (Holloway, 1970).

DISCUSSION AND CONCLUSIONS

Although identifying precise midlines of endocasts is
notoriously difficult because of torques associated with
asymmetries in brain shape, current imaging technology
has allowed us to mirror image the right hemisphere of
the Taung natural endocast with greater precision than

can be achieved by hand. Additionally, Taung’s temporal
and frontal poles were reconstructed from information
buried in the back of its facial fragment and incorpo-
rated into our new reconstruction. The end result is a
virtual endocast from which numerous electronic meas-
urements have been collected. Measurements of virtual
endocasts are extremely accurate and reproducible,
partly because virtual objects may be fixed within a
framework that maintains their relative orientation
when they are rotated to obtain measurements from dif-
ferent views. For example, one may flip a virtual endo-
cast in order to take measurements from its basal sur-
face and be assured that the specimen’s frontal and occi-
pital poles continue to remain in the same horizontal
plane (a widely-used convention for measuring endo-
casts). Maintaining such orientations is more difficult
when measuring endocasts from different views by hand.
A number of previously unrecognized foramina, bony

canals, and bony fragments have been identified in the
bony material that adheres to the base of the endocast.
These include medial and lateral lamina of the left pter-
ygoid fossa, parts of the bony orbits on both sides, a frag-
ment of the right occipital condyle (the one bony feature
on the base of the endocast that Dart (1925) apparently
recognized and identified as ‘‘a portion of the right exoc-
cipital’’), the exterior of the right foramen ovale and (on
the right) bony remnants of the hypoglossal canal, jugu-
lar foramen, and carotid canal (Fig. 1). Some of these
identifications were apparent because of their proximity
to the marginal portion of Taung’s enlarged O/M venous
sinus (Tobias and Falk, 1988). Hopefully, the identifica-
tion of these bony features will be of use to workers
seeking data related to the position of the foramen mag-
num (or other traits) on the base of the skull.
As noted, our electronic measurement of 382 cm3 for

the volume of Taung’s endocast is lower than previous
measurements, and our estimated adult capacity of
406 cm3 is 34 cm3 (�8%) smaller than an earlier estimate
of 440 cm3 (Holloway, 1970). However, the capacity of
473 cm3 that we obtained electronically for Sts 5 is only
12 cm3 smaller than the previously published estimate of
485 cm3 that was determined by water-displacing the
endocast (Holloway, 1988a), probably because this endo-
cast required almost no reconstruction. The mean cra-
nial capacity for the five robust australopithecines that
we studied is 453 cm3, while the mean adult capacity for
Taung and Sts 5 is slightly smaller (440 cm3), consistent
with an earlier finding that the average cranial capaci-
ties for gracile and robust australopithecines appear to
be similar (Falk et al., 2000).
Despite this observation, a number of Taung’s endo-

cast shape ratios (1, 6, 7, 8, 10, 11) sort it more closely
with Sts 5 than robust australopithecines. So do its
squared-off frontal lobes in dorsal view and the shape of
the tips of its temporal poles (Fig. 2). Other ratios (4, 9,
12, 13, 16) align Taung more closely with Paranthropus,
although several of these entail small temporal lobes
that may be due to Taung’s juvenile status. Another
Paranthropus-like trait of Taung is an enlarged right
O/M sinus (Tobias and Falk, 1988), which appears in all
12 scorable robust australopithecines but not in the
other five scorable gracile australopithecines (Tobias and
Falk, 1988; Falk et al., 1995; Falk, 2008).
The Taung endocast also has unique attributes. As

Schepers (1946) observed, its dome appears relatively
higher than those of other australopithecines (Ratios 2
and 3). Additionally, Taung is set apart by the relatively
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small size of its temporal lobes (ratios 12, 14, 15, 17, 18, 19,
20), consistent with Schepers’ suggestion that its ‘‘adult
temporal lobe would probably have been very extensively
expanded, being one of the last cerebral regions to mature
during postnatal growth’’ (Schepers, 1946). The temporal
lobe also appears to have been a late bloomer during homi-
noid evolution, since it is relatively large in humans com-
pared with apes and its components scale allometrically
above values predicted from ape regressions (Semendeferi
and Damasio, 2000; Rilling and Seligman, 2002). Just how
much of Taung’s unique morphology is due to its juvenile
status may eventually be clarified by comparing its endo-
cast with those from other juvenile australopithecines
such as the 3.3-million-year-old juvenile from Dikika,
Ethiopia (Alemseged et al., 2006).
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