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The Endocast of MH1,
Australopithecus sediba
Kristian J. Carlson,1,2* Dietrich Stout,3 Tea Jashashvili,1,4,5 Darryl J. de Ruiter,1,6 Paul Tafforeau,7

Keely Carlson,6 Lee R. Berger1,8

The virtual endocast of MH1 (Australopithecus sediba), obtained from high-quality synchrotron
scanning, reveals generally australopith-like convolutional patterns on the frontal lobes but also
some foreshadowing of features of the human frontal lobes, such as posterior repositioning of
the olfactory bulbs. Principal component analysis of orbitofrontal dimensions on australopith
endocasts (MH1, Sts 5, and Sts 60) indicates that among these, MH1 orbitofrontal shape and
organization align most closely with human endocasts. These results are consistent with gradual
neural reorganization of the orbitofrontal region in the transition from Australopithecus to Homo,
but given the small volume of the MH1 endocast, they are not consistent with gradual brain
enlargement before the transition.

The relative importance and timing of two
critical processes in the evolution of the
human brain—cortical reorganization and

size increase—has been debated since the dis-
covery of Australopithecus (1, 2). Recent incorpo-
ration and validation of computer-based techniques
for reconstructing and comparing endocranial
casts (endocasts, proxies of brains from fossilized
crania) have substantially improved the quality
of data on this issue (3, 4). Eight endocasts
[MLD 1, MLD 37/38, Sts 5, Sts 19, Sts 60, Sts
71, StW 505, and Taung (5, 6)] show that Au.
africanus had an average cranial capacity of
459 cm3 (37.7 SD). Three endocasts [AL 162-28,
AL 333-45, and AL 444-2 (6)] show that Au.
afarensis had an average cranial capacity of
481 cm3 (75.6 SD). The earliest representative
of the “robust” australopith lineage (KNM-WT
17000), on the other hand, had a comparatively
small endocast—410 cm3 (5)—whereas latermem-
bers of the lineage such as Paranthropus boisei
[KGA 10-525, KNM-ER 406, KNM-ER 407,
KNM-ER732,KNM-ER23000,KNM-WT13750,
KNM-WT 17400, OH 5, and Omo L338y-6;
mean = 485 cm3, SD = 45.6 (6)] and P. robustus
[SK 54, SK 859, and SK 1585; mean = 493 cm3,
SD = 40.4 (6)] had slightly larger average cranial
capacities (5). Considering these data, Falk and
colleagues (5) hypothesized that australopith brain
size might have begun to increase gradually, and

cortical reorganization might have begun well be-
fore 2.0million years ago (Ma) and the emergence/
evolution ofHomo, although confirming data are
sparse between 2.0 to 2.5 Ma.

The partial cranium of the holotype juvenile
male from Au. sediba, Malapa Hominin 1 (MH1),
is dated to 1.977 Ma (7, 8) and thus provides
crucial data for evaluating the pace of brain

evolution in early hominins. On the basis of epi-
physeal closure patterns in the associated post-
cranial elements and development of the unerupted
third molars, MH1 was at a developmental stage
at death equivalent to that of a human child of 12
to 13 years, with brain growth essentially com-
plete. The MH1 partial cranium has a virtual
reconstructed cranial capacity estimate of 420
cm3 (7), which is higher than one estimate for the
Taung specimen [adult size-corrected cranial
capacity = 406 cm3 (4)], but more than 1 SD
below the Au. africanusmean. The estimated vol-
ume of the MH1 endocast is 33 cm3 higher than
the smallest estimate reported for Au. afarensis
(AL 288-1) but below the Au. afarensismean by
nearly 1 SD (6). Thus, theMH1 estimated cranial
capacity is at the lower end of the australopith
spectrum of variation. Given its younger date
relative to other australopiths (8) and possibly
closer phylogenetic relationship to Homo (7), the
MH1 endocast is difficult to reconcile with a pro-
posed gradual trend in brain enlargement leading
from australopiths to Homo (5) if Au. sediba is
ancestral to Homo.

Retained australopith (primitive) brain size in
Au. sediba is intriguing given the appearance of
derivedmorphology elsewhere in the cranium (7)
and postcranial skeleton, particularly within the
pelvis (9) and hand (10). Presumed selective
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Fig. 1. Virtual endocast of MH1 in (A) superior, (B) inferior, (C) left lateral, and (D) anterior views. Scale
bar is 2 cm.
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pressures (such as complex object manipulation
and tool use) favoring more derived hand mor-
phology in a species that may be ancestral to
H. erectus sensu lato would seem inconsistent
with retention of a small brain size. The possibility
exists, however, that neural reorganization in-
dependent of overall size increase could explain
such discrepancies (1, 11, 12).

Over the course of growth the endocranial
surface, and to a lesser extent cranial form, comes
to reflect the form of the expanding brain (13).

Yet, brain, craniofacial, and basicranial morphol-
ogy are clearly integrated to some degree (14, 15).
For example, craniofacial size reduction has been
linked to a rostral shift of the cribriform plate
(16). Impressions retained on the endocranial sur-
face, thought to mirror convolutional patterns on
the brain surface, also are useful in extracting ad-
ditional information (2, 5, 6, 13). Here, we assess
basic morphological features of the MH1 endo-
cast, focusing on the orbitofrontal region, to de-
termine whether the small brain of MH1 was

morphologically similar to earlier australopiths
or whether it exhibited changes absent in these
earlier australopiths, and perhaps even foreshadow-
ing those eventually expressed later in Homo.

We reconstructed surface morphology of the
endocast of the MH1 cranium using phase con-
trast x-ray synchrotron microtomography at the
European Synchrotron Radiation Facility (ESRF)
and a specific acquisition protocol developed for
high-quality imaging of large fossils [supporting
online material (SOM) materials and methods
S1]. Representation of convolutional morpholo-
gy of the MH1 endocast is striking compared
with most hominin endocasts, in part because of
the exquisite preservation ofmaterial fromMalapa
and also because the individual was relatively
young at death (17).

The MH1 endocast is missing the entire right
hemisphere posterior to the coronal suture, pos-
terior portions of the left occipital and temporal
lobes, and the cerebellum (Fig. 1, A to D). Post-
mortem medial displacement of the right tempo-
ral pole appears likely, accompanied by inward
displacement of the right posterior inferior frontal
lobe internal to pterion (Fig. 1B). Neither dis-
placement appears accompanied by visible dis-
tortion or warping of relative proportions in these
areas (Figs. 1, B to D, 2, and 3, B to D, and fig.
S1). The shape of the MH1 endocast cannot be
fully characterized because of its incompleteness
(SOMmaterial and methods S2), but on the basis
of the frontal and left parietal regions, it bears
greater resemblance to the rostrocaudally elon-
gated shape of modern human and Sts 5 endo-
casts rather than the mediolaterally broadened
shape of Sts 60 and chimpanzee endocasts (Fig.
3A). Reconstruction of missing regions in the
MH1 endocast, however, will be necessary to
confirm this. The MH1 endocast cannot exhibit a
classic “tear-drop” shape, as described and il-
lustrated for those of Paranthropus (5), because
of its rostrally squared-off frontal lobes (Fig. 3, A
and B). Similar squaring-off is present in other
Australopithecus [such as Sts 5, Sts 60, and
Sterkfontein Type 2 (5)] and modern human
endocasts (Fig. 3A).

A right frontal petalia is present. Within this
part of the MH1 endocast, the impression rep-
resenting the right frontal lobe appears larger than
that representing the left frontal lobe (Fig. 1A).
Such visually apparent (qualitative) right frontal
petalias are observed in nonhuman primates but
at a much lower frequency than in humans (18),
in whom there is some support for linking right
frontal petalia and right-handedness (19). Both
temporal poles of the MH1 endocast are anteri-
orly expanded (Figs. 1, B and C, and 3, B and D),
which is a condition similar to that of other
Australopithecus endocasts, but unlike that de-
scribed and illustrated forParanthropus endocasts
(5). Temporal poles of MH1 do not appear as lat-
erally projecting as those of other australopiths
(such as Sts 5 and Sts 60) but appear more cen-
trally projecting as in modern humans and
chimpanzees (Figs. 1B and 3B and fig. S1).

Fig. 2. Left lateral view of the MH1 virtual
endocast with major surface features in-
dicated. (A) Precentral sulcus (inferior). (B)
Precentral sulcus (superior). (C) Inferior fron-
tal sulcus. (D) Superior frontal sulcus. (E)
Fronto-orbital sulcus. (F) Anterior inferior
frontal gyrus. (1) Middle branch of the mid-
dle meningeal artery. (2) Posterior branch
of the middle meningeal artery. (3) Coronal
suture. Scale bar, 2 cm.
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Fig. 3. Comparisons of virtual endocasts in (A) superior, (B) inferior, (C) anterior, and (D) left lateral
views. MH1 is in the center of each cluster surrounded by a representative modern human at the top, then
proceeding clockwise, Sts 60 (Australopithecus africanus), a representative chimpanzee, and Sts 5
(Au. africanus). All endocasts are scaled to the estimated volume of the MH1 endocast (420 cm3) for
illustration purposes. Scale bars, 2 cm.
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Other features useful for distinguishing between
endocasts of early hominin taxa, such as parietal
lobe asymmetry, posteriorward occipital expan-
sion over the cerebellum, and presence/position of
the lunate sulcus, cannot be assessed on the MH1
endocast.

In the left hemisphere of the MH1 endocast,
the coronal suture and the middle and posterior
branches of the middle meningeal artery are vis-
ible (Figs. 1, A and C, and 2). The missing right
parietal appears to have detached cleanly along
the coronal suture, but the relationship of the
midline fractured edge to the sagittal suture is less
clear. A narrow crack, which is visible on the
exterior cranial surface, forms a subtly protruding
ridge on the endocast (Fig. 1, A and D). This
ridge runs from the left orbitofrontal surface di-
agonally and medially across the frontal (Fig.
1D) and backward to the approximate vicinity of

bregma (Fig. 1A). It widens slightly along its
course and partially encompasses the superior
sagittal sinus, ultimately obscuring potential evi-
dence of a metopic suture.

Identification of cortical convolutions from
endocranial evidence is problematic because of
issues of preservation, individual variation, and
ambiguous homology (2, 6, 17, 20). Of more
consistently expressed and identifiable features,
the MH1 endocast preserves clear traces of the
anterior Sylvian fissure bilaterally and of the left
inferior and superior precentral sulci (Figs. 1A
and 2). Two large horizontal furrows are present
on the left dorsolateral prefrontal surface (Fig. 2),
producing a general configuration that is similar
to that seen in other South African australopith
endocasts, including Sterkfontein Type 2 and Sts
60 (21). The superior furrow probably corresponds
to the superior frontal sulcus commonly observed
in modern humans and other apes (17, 22). Iden-
tification of the inferior furrow (Fig. 2C) is more
problematic because of extreme variability of sec-
ondary sulci on the lateral frontal lobes ofmodern
humans and other apes. We consider the inferior
furrow of MH1 to most likely represent the in-
ferior frontal sulcus because of its position, orien-
tation, and close association with the superior
portion of the fronto-orbital sulcus (Fig. 2). This
is in keeping with many researchers’ interpreta-
tion of similarly positioned sulci on chimpanzee
brains (fig. S2) (20, 22–25); however, some con-
sider this sulcus on chimpanzee brains and aus-
tralopith endocasts to be homologous to the
middle frontal sulcus on human brains (17, 21).
Dissimilar preservation and/or the presence of a
more differentiated and discontinuous sulcal

pattern on the left versus right hemisphere may
contribute to less distinct details on the right side
of theMH1 endocast (Fig. 1, A and D), however,
major organizational differences between the sides
are not visible, and convolutional patterns of
the MH1 endocast appear comparable with those
on Sterkfontein Type 2 and Sts 60 endocasts.

As in other australopith endocasts, sulcal anat-
omy of the MH1 endocast corresponding to the
inferior frontal cortex appears generally “ape-
like.” A distinct fronto-orbital sulcus incises the
lateral margin of the caudal portion of the left in-
ferior frontal lobe and courses along the orbital
surface toward the temporal pole (Figs. 1C, 2, and
3D). This is a primitive condition that is present
in apes (17) and some other South African aus-
tralopiths [(21), but see (6)] but not typically ex-
pressed in Homo. Also similar to endocasts of
apes and other australopiths, the MH1 endocast
exhibits no evidence of a vertical ramus of the
Sylvian fissure, which typically divides anterior
[ pars triangularis; Brodmann’s area (BA) 45]
and posterior ( pars opercularis; BA 44) Broca’s
area in humans (26). These two sulcal features
have been previously used to identify presence or
absence of “human-like” inferior frontal morphol-
ogy in fossil hominins, with possible implications
for the evolution of speech and language (27, 28).
In this respect, the inferior frontal region of MH1
clearly appears more ape-like than human-like.
However, because homologs of BA 44 and BA 45
are present in chimpanzees (25)—despite the ab-
sence of human-like sulcal anatomy—recognition
of intermediate gradations may be necessary.

Modern human BA 44 and 45 are regularly
localized on the free surfaces of pars opercularis
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Fig. 4. Illustration of measurements taken on
endocasts by using landmark definitions in (5), un-
less noted otherwise (SOM materials and methods
S3). Data are reported in Table 1. Because the oc-
cipital pole in the MH1 endocast is missing, we
measured absolute dimensions rather than pro-
jected dimensions in basal view (5). Mbat is the
midpoint of a line drawn between the most rostral
points of the temporal lobes (bat) in basal view.
Mat occurs at the lateral extension of the bat-bat
line to the edge of the frontal lobe in basal view.
Rof is a landmark at the most rostral position on
the orbital surface of the frontal lobe in basal view.
This is not necessarily the same point as the frontal
pole. We use the three-dimensional (3D) coordi-
nates of the left (rof-l) and right (rof-r) landmarks
to establish a mid-point (rof) on the line joining
rof-l and rof-r (fig. S3). 3D coordinates of the mid-
point (rof) were used to generate a landmark that
was used in measuring absolute 3D linear dimen-
sions (such as mbat-rof). Cob is the caudal bound-
ary of the olfactory bulbs, corresponding to the
cribriform plate in basal view. Rob is the rostral
boundary of the olfactory bulbs, corresponding to
the cribriform plate in basal view.

Fig. 5. Bivariate plots of en-
docast dimensions. (A) Frontal
breadth at rob versus mat-mat.
(B) Rob-rof versus mat-mat. (C)
Mbat-cob versus mat-mat. (D)
Frontal breadth at cob versus
mat-mat. All units are millime-
ters. Open circles, adult Homo
sapiens; solid circles, H. sapiens
with M3 erupting or not yet
erupted (same condition as in
MH1); solid triangles, adult Pan
troglodytes verus; open trian-
gles, P. t. verus with M3 erupt-
ing or not yet erupted (same
condition as in MH1); asterisk,
MH1 (Australopithecus sediba);
“Y” symbol, Sts 5 (Au. africanus);
cross, Sts 60 (Au. africanus).
Bracketed numbers correspond
to measurements in Table 1 and
definitions in Fig. 4. For com-
parative fossil measurements
(also absolute rather than pro-
jected dimensions), see Table 1.
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and pars triangularis, respectively, although their
boundaries within the adjoining sulci display sub-
stantial variation (26, 29). In contrast, chimpanzee
area 44 is usually located immediately anterior to,
or partially within, the inferior precentral sulcus,
whereas chimpanzee area 45 most commonly oc-
curs anterior to the fronto-orbital sulcus and in-
ferior to the inferior frontal sulcus (25). It is
unknown whether extant chimpanzees exemplify
the ancestral hominin condition, or through what
intermediate stages this unknown ancestral con-
dition evolved to produce themodern human range
of variation. One hypothesis (17) is that the ex-
pansion of the human frontal operculum (BA 45
and 47) displaced the ape fronto-orbital sulcus
posteriorly to become part of the anterior limiting
sulcus of the insula in humans.

In MH1, the region of the left inferior frontal
gyrus anterior to the fronto-orbital sulcus displays
a distinct ventrolateral bulge (Fig. 2). This con-
trasts with the typical ape condition in which the
fronto-orbital sulcus sharply defines the anterior
extent of a (variably) protuberant “orbital cap”
[(17), p. 326] and suggests an intermediate stage
in the emergence of a true frontal operculum. Fur-
thermore, this rostral protuberance is asymmetric
in MH1, being more pronounced on the left (Fig.
1D). In combination with a well-developed notch

of the anterior Sylvian fissure separating the
inferior frontal cortex from the temporal lobe, this
bulge produces a convex profile of the lateral
margin that contrasts with the straight anteropos-
terior slope commonly seen in chimpanzee en-
docasts (Fig. 3, C and D). Similar ventrolateral
protrusion is not evident on the Sts 5 endocast
(Fig. 3, C and D) or in published images and
descriptions of endocasts of StW 505 (6) and
Taung (12). The Sterkfontein Type 2 endocast is
missing the relevant area of the left inferior
frontal and right orbitofrontal surfaces, but an-
teriorly the right inferior frontal gyrus does ap-
pear comparable with that of MH1. The inferior
frontal surface of Sts 60 is missing on the right
and damaged on the left (6, 21) but appears more
similar to that of Sts 5 than MH1. Thus, the
shape of the MH1 inferior frontal gyrus clearly
differs anteriorly from the ape condition and also
from other South African australopith endocasts,
except perhaps for Sterkfontein Type 2, which
does not preserve the comparable area. In light
of the tension-based folding theory on neural mor-
phogenesis (30), the bulge on the MH1 endocast
could represent early stages of bolstering local
neural interconnectivity in area 45, but not yet
to the point that more advanced interconnec-
tivity had established true outward folding, thus
reconfiguring gyral and sulcal patterns (devel-
opment of a human-like pars triangularis). A
parallel scenario for early increased interconnec-
tivity preceding reconfiguration of sulcal patterns

has been suggested with respect to the posterior
parietal/occipital morphology of Australopithecus
and Paranthropus endocasts [(31), p. 25].

In providing an interpretative framework for
surface morphology on the MH1 virtual endo-
cast, we compiled a sample of virtual endocasts
generated from 18modern human crania selected
from theDart Collection of the School ofAnatomi-
cal Sciences at theUniversity of theWitwatersrand,
18 crania of free-ranging Liberian chimpanzees
(Pan troglodytes verus) from the Peabody Muse-
um (United States), and two australopith endocasts
from South Africa (Sts 5, Sts 60) (SOM materials
and methods S3 for details). Although additional
hominin endocasts could offer valuable insights
(such as Sterkfontein Type 2 and KNM-WT
17000), they were excluded for lacking the same
extent of homologous orbitofrontal regions or for
lacking comparable published dimensions.

A series of landmark-based linear dimensions
on the orbitofrontal and temporal regions of the
MH1 and comparative endocasts were digitally
measured on renderings (Fig. 4 and fig. S3); we
used a principal component analysis (PCA) of
these measurements to compare the endocasts
(table S1). Size was removed from comparisons
by scaling linear dimensions of individual en-
docasts (Fig. 5 and figs. S4 to S7) by the geo-
metric mean of all endocast dimensions (32) then
logging the ratios by using the common loga-
rithm. The first three principal components (PCs)
account for 94.6% of the explained variance
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Fig. 6. Bivariate plot of first and second principal
components. Open circles, adult Homo sapiens;
solid circles, H. sapiens with M3 erupting or not yet
erupted (same condition as in MH1); solid triangle,
adult Pan troglodytes verus; open triangles P. t.
verus with M3 erupting or not yet erupted (same
condition as in MH1); asterisk, MH1 (Australopithe-
cus sediba); “Y” symbol, Sts 5 (Au. africanus); cross,
Sts 60 (Au. africanus). The dashed lines (ellipse
area) indicate 95% group membership and are
computed from the bivariate normal distribution fit
of principal component (PC) 1 and 2. If the ellipse
collapses diagonally, the correlation between varia-
bles strengthens; a more circular ellipse indicates
relatively uncorrelated variables. Dimensions driv-
ing PC 1 and PC 2 are discussed in the text and in
greater detail in SOM text S4. MH1 fits just within
the 95% ellipse for modern humans, whereas Sts 5
falls just beyond it, and Sts 60 is situated between
modern human and chimpanzee 95% ellipses.

Table 1. Measurements on MH1 and comparative endocasts. Values for modern human and chimpanzee
endocasts are means, with SDs in parentheses underneath. Landmarks defined following (5), except when
indicated otherwise (Fig. 4 and SOM materials and methods S3). Frontal breadths at cob and rob are
illustrated in Fig. 4. Numbers in brackets correspond to measurement definitions in Fig. 4.

Homo
sapiens
(n = 18

individuals)

Pan
troglodytes
(n = 18

individuals)

Sts 5 Sts 60 MH1

Cranial capacity, cm3 1320 395 485* 436* 420
(200) (25)

Bat-bat, mm [1] 66.0 49.9 56.8 61.4† 57.8‡
(3.5) (2.1)

Mat-mat, mm [2] 101.2 75.1 82.4 71.2† 82.2‡
(4.1) (3.1)

Mbat-rof, mm [3] 34.3 26.0 30.9 23.4 28.4
(3.6) (2.3)

Cob-rof, mm [4] 31.4 14.7 25.0 15.3 24.7
(3.4) (2.6)

Rob-rof, mm [5] 13.4 1.9 7.2 4.0 10.1
(2.2) (1.4)

Mbat-cob, mm [6] 3.0 12.4 6.5 8.1 5.4
(1.7) (2.2)

Length of olfactory bulb (cob-rob), mm [7] 17.9 15.7 18.9 12.5 17.2
(3.2) (1.6)

Frontal breadth at cob, mm [8] 98.2 59.7 78.5 62.7 75.3
(4.5) (4.0)

Frontal breadth at rob, mm [9] 77.9 18.7 52.3 35.2 54.4
(6.8) (4.4)

*Values reported in (6). †Measured from the right side to the midline, then doubled. ‡Measured from the left side to
the midline, then doubled (SOM materials and methods S2).
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(table S1). The first principal component (PC 1,
61.4% of variance explained) easily distinguishes
endocasts of modern humans and fossil hominins
(MH1 and Sts 5) from those of chimpanzees (Fig.
6, fig. S8, table S1, and SOM text S4). The Sts 60
endocast sits firmly between chimpanzee and
modern human/MH1/Sts 5 clusters.

Negative values along PC 1 in the bivariate
score plot for modern humans, MH1, and Sts 5
(Fig. 6) reflect a fairly complex, coordinated pat-
tern involving broadening of the anterior frontal
region, medial movement of the temporal poles,
and posterior repositioning of the olfactory bulbs
(cribriform plate) relative to the temporal poles
and the orbitofrontal surface (SOM text S4). The
region corresponding to the anterior orbitofrontal
cortex in modern humans, MH1, and Sts 5 is
broader relative to that in chimpanzees (Figs. 3A
and 5, A and D, and Table 1), corroborating pre-
vious qualitative observations of modern human,
chimpanzee, and australopith endocasts (5). The
Sts 60 endocast is comparatively less broad in
this region than MH1 and Sts 5 endocasts (Figs.
3A and 5, A and D, and Table 1). Anterior or-
bitofrontal broadening manifests as an inverse
relationship between mat-mat and frontal breadth
at rob dimensions (Fig. 4 and table S1). A medial
shift of the temporal poles of modern human
endocasts compared with those of chimpanzees
is reflected in decreased bat-bat relative to mat-
mat dimensions (Table 1 and fig. S4). Posterior
repositioning of the olfactory bulbs (cribriform
plate) on modern human endocasts is indicated
by increased rob-rof (Fig. 5B) and decreased
mbat-cob dimensions (Fig. 5C and Table 1). Such
repositioning is most evident on the MH1 endo-
cast among the australopiths that we examined
(Table 1). This posterior repositioning on the MH1
endocast contrasts with the anterior repositioning
relative to basicranial landmarks that accompa-
nies facial reduction in australopiths and modern
humans compared with chimpanzees (16).

Posterior repositioning of the olfactory bulbs
is consistent with known differences in cortical
anatomy of modern humans and other apes.
Reduction of mbat-cob in the australopith and
modern human endocasts relative to chimpan-
zee endocasts might reflect a decrease in the
relative size of the posterior orbitofrontal cortex,
which is consistent with evidence of the relative-
ly decreased anteroposterior extent of posterior
orbitofrontal area 13 in modern humans (33),
and/or the anterior extension of the temporal poles,
which is consistent with evidence of temporal
lobe expansion in modern humans (15, 34). An
increased rob-rof dimension among australopith
and modern human endocasts relative to chim-
panzee endocasts (Table 1), reflected by the neg-
ative loading of this variable on PC 1 (table S1
and SOM text S4), is intriguing because it is
consistent with evidence of frontopolar cortical
expansion in modern humans (35). The rostral-
most orbitofrontal region in modern humans and
other apes comprises Brodmann’s areas 10 and
11 (35, 36), both of which are associated with

higher cognitive functions such as information
encoding and retrieval, relational reasoning, and
multi-tasking (37, 38). In modern humans, the
frontopolar cortex sits at the apex of frontal ex-
ecutive systems and is thought to have a role in
“meta-level” processing required to maintain two
simultaneously ongoing tasks (39)—an ability
that may contribute to the distinctive human ca-
pacities for long-term planning and behavioral
innovation (38). The MH1 endocast has a greater
rob-rof dimension than do Sts 5 or Sts 60 endo-
casts (Fig. 5B and Table 1), and thus MH1 more
closely resembles the modern human condition.

The MH1 endocast also exhibits prominent,
paired convolutions in the region corresponding
to the anterior limit of the frontal lobes immedi-
ately bordering the sharp depression made by the
frontal crest (Fig. 1, A, B, and D). These curl
around the rostral limits of the endocast to con-
tinue onto the orbital surface of the frontal lobes,
ending near the position of the foramen cecum.
Some chimpanzee brains (fig. S2) and endocasts
(Fig. 3A) show rudimentary comparable struc-
tures, and these are somewhat more apparent on
the Sts 5 (Fig. 3, A to C) and the Sterkfontein
Type 2 endocasts, although not to the same de-
gree as those on the MH1 endocast. These con-
volutions usually are described as indistinguishable
in modern human endocasts but have been rec-
ognized as exceptionally developed and clearly
defined in the H. floresiensis (LB 1) endocast
(40). At some point after the human-chimpanzee
split, horizontal spacing distance between neu-
rons in BA 10 shifted in Homo to become rel-
atively greater than that observed in other cortical
areas, probably signaling greater interconnectiv-
ity of the human brain in the frontal pole region
(41). Following the tension-based folding theory
on neural morphogenesis (30), greater prominence
of the polar convolutions on South African austra-
lopith endocasts (such as MH1, Sts 5, Sts 60, and
Sterkfontein Type 2) relative to chimpanzees—and
of these convolutions of MH1 relative to those of
the other australopiths—could indicate relatively
increased neural interconnectivity of BA 10 in
Au. sediba (MH1).

The second principal component (PC 2, 26.3%
of variance explained) does not separate fossil
hominins andmodern humans from chimpanzees
but does cluster fossil hominins (MH1, Sts 5, and
Sts 60) together at the lower range of modern
human variation (Fig. 6, table S1, and SOM text
S4). Higher values along PC 2 in the bivariate
score plot reflect a relatively posterior position
of cob, indicated by increased length of the
orbitofrontal region anterior to this landmark
(cob-rof) (fig. S6) and decreased length of the
region posterior to it (mbat-cob) (Fig. 5C). As-
sociated with this repositioning is an increase
in frontal breadth at cob and at rob (Figs. 4 and
5, A and D). The position of australopiths in the
extreme low range of modern human PC 2
scores (Fig. 6) suggests that modern humans
may have experienced moderate expansion of
orbitofrontal cortex anterior to cob (in relation

to a reduced posterior portion) relative to the
putatively ancestral australopith condition.

One of the most striking characteristics of the
MH1 endocast is its small volume, comparable
with early Paranthropus (KNM-WT 17000) and
smaller than other australopiths at similar devel-
opmental stages or older, except for well-known
examples such as the earlier and extensively
reconstructed AL288-1 and the AL 162-28 spec-
imens (6). Given the proposed evolutionary re-
lationship between Au. sediba and Au. africanus
(7), it is not surprising that there are features
(apart from volume) that group endocasts of
MH1, Sts 5, Sts 60, and Sterkfontein Type 2 to
the exclusion of modern human endocasts (for
example, form of lateral inferior frontal cortex).
Other features may group MH1 and modern
human endocasts to the relative exclusion of
other australopiths (such as rob-rof) (Table 1), as
indicated by the PCA analysis (Fig. 6). Criti-
cally, however, there are no frontal lobe char-
acteristics that we identified grouping endocasts
of modern humans and other australopiths to the
exclusion of the MH1 endocast (Fig. 5, A to D,
Table 1, and figs. S4 to S7).

Thus, the MH1 endocast (Au. sediba), al-
though decidedly australopith-like in cranial ca-
pacity and convolutional patterns, shows some
evidence for changes in the orbitofrontal region
beyond that observed in other relatively com-
plete australopith endocasts (such as Sts 5 and
Sts 60), possibly foreshadowing elements of the
development of a human-like frontal lobe across
the transition from Australopithecus to Homo.
This supports the notion that some neural reor-
ganization preceded brain size expansion in the
hominin lineage (1, 2, 6) and provides evidence
for size-independent morphological change, par-
ticularly within the orbitofrontal region, that is
more apparent than in previously available fossils.
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A Partial Pelvis of
Australopithecus sediba
Job M. Kibii,1 Steven E. Churchill,2,1* Peter Schmid,3,1 Kristian J. Carlson,1,4 Nichelle D. Reed,2

Darryl J. de Ruiter,5,1 Lee R. Berger1,6

The fossil record of the hominin pelvis reflects important evolutionary changes in locomotion
and parturition. The partial pelves of two individuals of Australopithecus sediba were
reconstructed from previously reported finds and new material. These remains share some
features with australopiths, such as large biacetabular diameter, small sacral and coxal joints,
and long pubic rami. The specimens also share derived features with Homo, including more
vertically oriented and sigmoid-shaped iliac blades, greater robusticity of the iliac body, sinusoidal
anterior iliac borders, shortened ischia, and more superiorly oriented pubic rami. These
derived features appear in a species with a small adult brain size, suggesting that the
birthing of larger-brained babies was not driving the evolution of the pelvis at this time.

The evolution of the hominin pelvis over
the past four million years reflects func-
tional accommodations to both terrestrial

bipedalism and encephalization. The relative im-
portance of these two factors in evolutionary

change in the pelvis from Australopithecus to
Homo, however, is unclear.

One key fossil for assessing the evolutionary
importance of differences between these genera
is a pelvis (BSN 49/P27) from early Pleistocene
[0.9 to 1.4 million years ago (Ma)] deposits at
Gona, Ethiopia (1, 2). The taxonomic assignment
of this pelvis is uncertain because it is not as-
sociated with craniofacial remains and it shares
morphological features with both australopiths
and Homo. Its great transverse breadth, lateral-
ly flaring ilia, anteriorly positioned iliac pillar,
long pubic rami, and wide sciatic notches are
australopith-like. It also shares derived features
with Homo [table S6 in (1)], including a sigmoid-
shaped iliac crest, a tall posterior ilium, an ex-
panded fossa for gluteus medius, and a narrow

tuberoacetabular sulcus. The Homo-like features
in this pelvis have been argued to be architectural
responses to the obstetric demands of birthing
larger-brained babies (1). Without a clear taxo-
nomic association, however, scenarios of pelvic
evolution and encephalization based on the Gona
pelvis remain conjectural [see (2)].

The pelves of early Pleistocene Homo (KNM-
ER 3228, KNM-ER 5881, OH 28, and KNM-WT
15000) share with modern humans a suite of
features that include a thick iliac body, reduced
(relative to body size) distance from the auricular
to acetabular joint surfaces, expansion of the
retroauricular area, a large iliac tuberosity, ver-
tically set iliac blades, a sigmoid-shaped iliac crest
with moderate- to well-developed fossae for ili-
acus and gluteus medius, a distinct iliac pillar, a
sinusoidal anterior iliac border, and a narrow tu-
beroacetabular sulcus (1, 3–7).

Many of these features are seen in the pelvic
remains of two fairly complete individuals of
Australopithecus sediba from Malapa (8). Here,
we describe newly found and previously unpub-
lished fossils of the adult female paratype (Malapa
Hominin 2, MH2) that allow us to reconstruct her
pelvis. We also reconstruct, from previously pub-
lished fragments (8), the pelvis of the juvenile male
holotype (MH1). Given the clear association of
these pelvic remains with a small-brained species
that was close to the transition of Australopithecus
to Homo, these fossils provide information about
the role of brain size expansion in the evolution
of Homo-like pelvic architecture.

The remains attributed to the juvenile male
MH1 include partial right and left ilia and a left
ischium [supporting online material (SOM) text
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