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AbstrAct: In this article we provide evidence that evolutionary pressures altered the cranial base and the 
mastoid region of the temporal bone more than the calvaria in the transition from H. erectus to H. sapiens. 
This process seems to have resulted in the evolution of more globular skull shape – but not as a result of 
expansion of the brain in the parietal regions but of reduction of the cranial base and the mastoid region 
relative to the parietals. Consequently, we argue that expansion of the parietals seems to be unrelated to 
brain evolution, but is more a by-product of reduction in other regions of the skull, reduction that may be 
related to dietary factors. Additionally, these findings suggest that cognitive and behavioural modernity 
may not necessarily be dependent on brain shape. Also, it cannot be attributed to the change in brain size 
because H. erectus and modern human cranial capacities overlap substantially. Consequently, we suggest H. 
erectus possessed the full suite of cognitive adaptations characteristic of modern humans without possess-
ing a globular skull with flared parietals. Our results also support the theory that paedomorphic morpho-
genesis of the skull was important in the transition from H. erectus to H. sapiens and that such changes may 
be related to both dietary factors and social evolution.
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Introduction

The hominin skull has undergone sig-
nificant changes since the last common 
ancestor our lineage shares with chim-
panzees and bonobos. Initially, with the 

emergence of species such as Ardipithecus 
ramidus, these changes included loss of 
the large tusk-like canine and reduction 
of the prognathic face common in other 
primates, anatomical alterations which 
have been attributed to changes in mat-
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ing and social systems and reduced male 
on male aggression (Clark and Henneberg 
2015; Lovejoy 2009; Suwa et al. 2009). 
This very distinct configuration of the 
skull is believed to have evolved as a re-
sult of social selection pressures and pos-
sible self-domestication evidenced by the 
paedomorphic skull architecture of Ar. ra-
midus (Clark and Henneberg 2015; Clark 
and Henneberg 2017) – although a shift in 
diet in addition to social factors has also 
contributed to the unique morphology of 
the early hominin skull (Hylander 2013).

The shift to a hominin skeletal con-
figuration is also central to both locomo-
tion and language ability. For example, 
hominin upright bipedal gait is associ-
ated with a centrally positioned foramen 
magnum, with the vertically oriented spi-
nal cord entering the centre of the skull 
(Russo and Kirk 2017) – a feature of 
human anatomy that has long been rec-
ognised as a paedomorphic retention of 
the infant primate form into adulthood 
(Bolk 1909). Furthermore, a centrally 
positioned foramen magnum in addition 
to reduced facial prognathism, evident at 
the base of the hominin clade in Ar. ra-
midus, seems to be a prerequisite for the 
unique hominin vocal tract configuration 
necessary for the evolution of language 
(Clark and Henneberg 2017).

The paedomorphic morphogenesis of 
the skull via the process of self-domesti-
cation proposed for early hominins such 
as Ar. ramidus, is believed by numerous 
researchers to have continued in the 
Homo genus. This model proposes that 
increasing feminisation and gracilisation 
of skull morphology, along with associat-
ed changes in neurochemical regulation, 
may have resulted from selection for 
social tolerance and pro-sociality in the 
transition from robust to gracile mem-
bers of the Homo genus (Cieri et al. 2014; 

Hare 2017). Further, in contrast to chim-
panzees the ontogeny of cranial form in 
Homo sapiens results in a highly globular 
neurocranium, with the face growing less 
and thus remaining retracted under the 
anterior cranial base in contrast to the 
highly prognathic face of chimpanzees 
(Lieberman et al. 2002)

Other researchers have argued that 
changes in hominin skull shape are impli-
cated in selection of the brain associated 
with the unique cognitive and linguistic 
capacities of modern humans. For exam-
ple, it has been argued that the evolution 
of a more gracile and globular skull shape 
from a more robust ancestral form with-
in the Homo genus, was driven by chang-
es in neural architecture implicated in 
the emergence of behavioural modernity 
(Neubauer et al. 2018). For example, it 
has been noted that globular skull form 
emerges much later than increases in 
brain size, with increasing globularity 
becoming evident during the Middle to 
the Upper Palaeolithic in Europe around 
50,000 to 40,000 years ago. Significantly, 
this is believed to be when evidence of 
behavioural modernity becomes visible 
in the archaeological record (Neubauer 
et al. 2018). 

This thesis is based on a putative rela-
tionship between globularity and expan-
sion of specific brain regions. For exam-
ple, the expansion of the parietals, which 
contributes to globular skull shape, is 
believed to be associated with evolution 
of the uniquely human default mode 
neural network (Neubauer et al. 2018). 
In modern humans the parietals are ex-
panded laterally relative to the mastoid 
region and the cranial base. This pattern 
can be observed in Figure 1 where the re-
lationship between the parietals and the 
mastoid region in H. erectus and H. sapiens 
is graphically illustrated. 
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Figure 1 illustrates that adult H. erec-
tus lacks the bulging parietals charac-
teristic of European modern humans. 
As opposed to expanding relative to the 
mastoid region, the parietals taper me-
dially eventually meeting at the sagittal 
suture. Further, in modern humans the 
maximum skull breadth is frequently 
equivalent to bi-parietal breadth whereas 
greatest breadth of the skull in H. erectus 
is close to bi-auricular – a difference that 
results from the different positions of 
the parietals relative to the cranial base 
and the mastoid region in each species 
(Weidenreich 1943, p.22). What is worth 
noting in Figure 1 is that the subadult 
Mojokerto child, a fossil of Indonesian 
Homo erectus believed to be approximately 
4 years of age (Balzeau et al. 2005), lacks 
the configuration evident in adult H. erec-
tus with virtually no expansion of the 

mastoid region relative to the parietals. 
It should also be noted that the shape 
of the Mojokerto skull shows greater re-
semblance to adult H. sapiens than adult 
H. erectus. 

Noting the similarity between the 
subadult skull shape of H. erectus and 
adult H. sapiens, researchers have argued 
that modern human skull shape evolved 
through the process of paedomorphism 
(Antón 1997; Balzeau et al. 2005). For 
example, in the sub adult H. erectus fossil, 
the frontal region is anteriorly rounded 
and the parietal region is relatively more 
developed than in adult H. erectus, with 
the specimen sharing relative develop-
ment of the cerebral region comparable 
with modern human adults (Balzeau 
et al. 2005). While some authors have 
questioned the notion that certain as-
pects of human skull architecture are 

Fig. 1. Globularity in H. erectus and H. sapiens
Drawn from: H. erectus adult (Weidenreich 1943), H. erectus subadult (Antón 1997), with both H. sapiens 
from casts. Drawings not to scale but merely designed to provide a rough graphic representation of the 
argument in this paper. Note that the parietals expand laterally in some H. sapiens whereas in H. erectus the 
mastoid region and the base expand laterally. Significantly, the sub-adult Mojokerto fossil shows greater 
shape affinity with adult H. sapiens than it does with adult members of its own species. This has led to the 
assertion that the transition from H. erectus to H. sapiens involved paedomorphic skull morphogenesis.
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neotenous or paedomorphic (Dean and 
Wood 1984), the above observations 
do provide some support for the theory 
proposed by Gould that the retention of 
subadult ancestral features in the adults 
of descendant populations was an im-
portant component of phylogenesis in 
the hominin linage (Antón 1997; Gould 
1977).

It has been proposed that import-
ant factors influencing skull shape are 
the different growth trajectories of the 
neurocranium, the cranial base and the 
face (Lieberman et al. 2000). This model 
proposes that the neurocranium and the 
cranial base are on a rapid neural growth 
trajectory, with most of the growth in 
these regions being achieved by 6 years 
of age, while facial growth continues 
throughout ontogeny as part of the skel-
etal growth trajectory, not being com-
plete until approximately 16–18 years 
of age. Additionally, the ontogenetically 
coupled growth of the neurocranium and 
the cranial base, is believed to result in 
the cranial base constraining the lateral 
growth of the neurocranium, while verti-
cal and posterior growth of the cranium 
is not constrained by the dimensions of 
the base. As the authors write: ‘…given 
a large brain and a narrow cranial base, the 
cranial vault is likely to grow backward and 
upward to accommodate the brain’ (Lieber-
man et al. 2000, p. 297).

While there is merit to the above mod-
el, as it explicates the different growth 
trajectories of the skull associated with 
growth of the brain and the cranial base, 
and the face and the rest of the skeleton, 
it fails to consider different growth tra-
jectories associated with different parts 
of the cranial base itself. For example, it 
has been observed that the central sec-
tion of the cranial base associated with 
growth of the brain does achieve adult 

size during childhood, while growth of 
the lateral sections of the base associat-
ed with the jaw and mastication contin-
ue to grow throughout adolescence and 
into adulthood (Sejrsen et al. 1997). This 
suggests a more nuanced conception of 
the ontogeny of skull morphogenesis – 
one we suggest that has significant im-
plications for both the ontogenesis and 
phylogenesis in hominin evolution.

One of the unresolved issues in pa-
laeoanthropology is the cognitive capaci-
ties of archaic hominins such as H. erectus. 
While some authors have argued that the 
cognitive, behavioural and technological 
capacities characteristic of modern hu-
mans were already in place in H. erectus 
(Bednarik 2013, 2015; Sterelny 2012; 
Webb 2006) others have argued that 
behavioural modernity and cognition 
evolved in tandem with changes in brain/
skull shape within the H. sapiens lin-
eage (Benítez-Burraco and Kempe 2018; 
Boeckx and Benítez-Burraco 2014; Neu-
bauer et al. 2018; Niego and Benítez-Bur-
raco 2019; Progovac and Benítez-Burraco 
2019). In this article we attempt to falsify 
the hypothesis that modern human skull 
shape resulted from selection for altered 
neural architecture, cognitive adaptations 
and behavioural modernity.

Materials and methods
We collected data from the literature 
to determine the relationship between 
the calvaria and the cranial base. This 
involved comparing the amount of vari-
ation that exists between various popu-
lations of modern humans and H. erec-
tus. Data were collected for Homo erectus 
(Rightmire 2013), medieval Polish 
(Wokroj 1953), contemporary Aboriginal 
Australians (Milicerowa 1955), Ugan-
dans (Górny 1957) as well as Australian 
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fossils (Webb 2018a). In order to de-
termine the size of the calvaria we used 
maximum length from glabella to opist-
hocranion, maximum breadth from eury-
on to euryon, maximum height either as 
basibregmatic diameter or porion-vertex 
height (auricular height) and addition-
ally, the maximum width of the frontal 
bone (co–co). In order to represent varia-
tion of the cranial base we used distance 
from nasion to basion, biauricular width 
and width from asterion to asterion. Face 
size, in relation to skull size was repre-
sented by the basion-prosthion diame-
ter and face protrusion (prognathism) 
was expressed as an index = 100 × (ba–
pr) / (ba–n).

Globularity of skulls can be quan-
tified in a number of ways. When seen 
from above (norma verticalis) the cranial 
index (100  ×  maximum skull breadth/
maximum skull length) is useful to as-
certain globularity, while in the lateral 
view (norma lateralis) it is the height in-
dex expressing skull height as a percent-
age of the maximum length. We decid-
ed to combine the two expressions of 
globularity – horizontal and vertical – by 
expressing the sum of skull height and 
skull breadth as a percentage of maxi-
mum skull length. Since for some sam-
ples the skull height was reported as the 
auricular height (porion-vertex) and for 
others as the basibregmatic height, there 
is a slight difference between values of 
the indices calculated for different sam-
ples used here. We correct for this taking 
into account the fact that the basibreg-
matic height is about 20 mm greater than 
auricular height (Fox et al. 1996). 

Results
Our results indicate that the calvaria of 
modern humans and H. erectus differs less 

than does the cranial base. For example, 
Figure 2 illustrates variation in both the 
length and breadth of calvaria morpholo-
gy in H. erectus, modern Aboriginal Aus-
tralians, fossil Australians and Poles. As 
can be seen our measure of cranial size 
in H. erectus – that is width and length – 
falls within the range of the Aboriginal 
and Polish sample. By contrast, our mea-
sure of cranial base morphology in Figure 
3 shows greater difference between mod-
ern humans and H. erectus than that evi-
dent in our measure of calvaria morphol-
ogy in Figure 2, with the vast majority 
of H. erectus measures outside the range 
of modern human variation. This result 
suggests that in the transition from H. 
erectus to H. sapiens selection on the cra-
nial base and mastoid region was great-
er than selection on the calvaria. Data in 
Table 1 confirm this suggestion: not all 
calvarial dimensions differ significantly 
when comparing H. erectus and modern 
samples, while basicranial width dimen-
sions and jaw length differ significantly, 
being notably smaller in moderns. Mod-
ern/erectus ratios of calvarial dimen-
sions oscillate around 1 while basicranial 
and gnathic ratios are below 1. 

If selective pressure did affect the evo-
lution of the cranial base more than the 
calvaria then the question arises as to why 
this may have occurred? If changes in diet 
and mastication resulted in reduction of 
the mechanical supports for mastication 
on the cranial base, then we would also 
expect to see an increase in globulari-
ty accompany the reduction of the facial 
apparatus necessary for mastication. In 
other words, H. erectus should have both 
a larger face and larger cranial base than 
H. sapiens, with the consequent lateral ex-
pansion of the mastoid region relative to 
the parietals resulting in a non-globular 
form. Conversely, if the base and mas-
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Fig. 2. Measures of the size of the calvaria in Homo erectus and modern humans

Fig. 3. Measure of the breadth of the cranial base in Homo erectus and modern humans against the maxi-
mum cranial length Biauricular distances for Willandra Lakes Humans estimated by adding 10 mm to 
biasterionic distance
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toid region did not develop relative to 
the parietals – for example as a result of 
a change in diet - that would yield a more 
globular paedomorphic form in H. sapiens. 
If this were the case, then we would ex-
pect to see a negative correlation between 
globularity and facial prognathism. 

Figure 4 plots the relationship be-
tween globularity and facial projection. 
It shows quite a clear relationship with 
globularity being negatively correlated 
with prognathism. This suggests that 
as prognathism decreases globularity 
increases. Combined with the data in 
Figures 2 and 3 this suggests that glob-
ularity is related to the reduction of the 
size of the base, mastoid region and the 
association of this portion of the skull 
with the face and the apparatus of mas-
tication. And if the face and base are re-
duced relative to the calvaria this would 
yield a more globular form. This would 
involve the decoupling of the ontogenet-
ic growth trajectories of the face and the 
base from those of the calvaria. Such re-
tardation of the growth trajectories asso-

ciated with the face and the base, would 
result in the retention of subadult shape 
proportions into adulthood. Such reten-
tion would result in laterally expanded 
parietals relative to the base and mastoid 
region. However, such “expansion” is not 
so much a result of expansion of the pa-
rietals but a reduction of growth in the 
base and mastoid region which increases 
the relative dimensions of the parietals 
giving the impression of expansion. How-
ever, what really seems to have happened 
is other parts of the skull merely did not 
develop as much in H. sapiens they did in 
H. erectus. This process would explain the 
differences between the Mojokerto child 
and adult H. erectus – and also the similar-
ity of this subadult H. erectus fossil with 
adult H. sapiens. Of course, this does not 
mean that there were no selective pres-
sures operating upon the calvaria – but 
our results do suggest that an important 
component contributing to globularity 
and laterally expanded parietals in mod-
ern humans was reduction in the base 
and mastoid region.

Table 1. Averages and standard deviations of craniometric dimensions of Homo erectus and three samples of 
modern humans. Sample sizes for some averages may differ somewhat from the cited one due to miss-
ing individual measurements. For H. erectus eu-eu diameter has been replaced with biparietal diameter. 
Ratio modern/erectus is an average of three values

Group N g-op po-v eu-eu co-co ba-n au-au ast-ast ba-pr
H. erectus avg 33 189.3 97.2 135.9a 109.3 106.4 133.9 118.4 115.3b

sd 15.3 7.8 10.1 10.6 9.0 9.2 9.5 12.0
Australians avg 78 180.7* 108.3* 137.5 106.8 97.5* 112.8* 102.8* 99.6*

sd 10.1 7.1 10.6 5.4 6.1 6.6 6.3 7.0
Ugandans avg 172 179.1* 111.3* 130.5* 109.9 106.7 115.9* 105.2* 96.8+

sd 7.3 5.0 5.3 5.5 4.9 5.6 5.3 6.5
Polish avg 215 181.8* 112.6c* 136.8 114.4* 108.8* 115.1* 107.9* 93.2*

sd 8.2 4.8 5.3 5.8 5.4 5.2 8.4 5.6
Ratio modern/erectus (averaged) 0.95 1.14 0.99 1.01 0.98 0.85 0.88 0.83

b – sample size is only N=4.
c – porion-bregma vertical distance.
a – for H. erectus eu-eu is replaced by biparietal distance.
* – difference from H. erectus significant at p<0.05 (t-test). Note that some differences in cranial width are 
not significantly different between H. erectus and modern humans.
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Discussion

Our results suggest that during the tran-
sition from H. erectus to H. sapiens selec-
tive pressures differentially impacted the 
cranial base relative to the calvaria. Giv-
en the cranial base is believed to be de-
velopmentally conservative, and coupled 
to an early developing neural growth tra-
jectory associated with brain growth (Li-
eberman, Pearson & Mowbray 2000), the 
changes we have observed may be relat-
ed to the more lateral aspects of the base 
that continue to grow along with the rest 
of the skeleton and which are associated 
with mastication (Sejrsen et al. 1997). 
This view is supported by findings of sig-
nificant association between the cranial 
base and facial morphology (Bhattacha-
rya et al. 2014). Additionally, in humans 
growth of the brain and calvaria achieve 

most of their adult size between 6 and 
8 years of age whereas the face and the 
base appear to keep growing throughout 
the adolescent period of development 
(Bhattacharya et al. 2014; McKinnon et 
al. 2018; Roche and Lewis 1976; Roche 
1977). These different ontogenetic tra-
jectories may be related to the brain and 
parts of the neurocranium being on a 
neural growth trajectory, which is com-
pleted much earlier than growth of the 
face and skeleton, which continues be-
yond childhood into adolescence (Lieb-
erman 2011, p. 31). 

In Figure 5 we illustrate these differ-
ent ontogenetic trajectories using a sam-
ple of Aboriginal Australians. In the low-
er two trend lines indicating the ontogeny 
of facial and mandibular growth, there is 
a virtually constant rate of growth from 
birth to adulthood, indicating the face 

Fig. 4. Measure of the globularity and prognathism in Homo erectus and modern humans
Some early modern H. sapiens (eam) values are shown here – see Fig. 6 and the Discussion for their details. 
Note that the coefficient of determination of the regression line fitted to the Aboriginal Australian data 
(R2=0.0748) is significant (p=0.015). Regression line for Polish data is similarly significant [not shown].
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and jaw are associated with both the ear-
ly neural and later skeletal growth trajec-
tories. The upper trend lines indicating 
growth of the neurocranium, on the oth-
er hand, show significant growth during 
early childhood, a plateau in growth after 
6 years of age, and then a further period 
of growth during adolescence. While this 
concurs with the observations of Lieber-
man and colleagues noted above of the 
neurocranium being on the early neural 
growth trajectory, it also illustrates there 
is a latter period of growth of the neu-
rocranium associated with the skeletal 
growth trajectory. What is crucial to note 
here is the lower trend lines depicting 
growth of the jaw and face are associated 
with further growth of the neurocranium 
during the period of puberty as indicated 
in the upper trend lines – that is from 14 
to 18 years of age. This suggests, in con-
tradistinction to the model of Lieberman 

and colleagues, the existence of correlat-
ed growth between the jaw, the cranial 
base (which supports the jaw) and the 
neurocranium – all as part of the skeletal 
growth trajectory.

This suggests that the extra growth 
in the cranial base and the associated 
mastoid region that we see in H. erectus 
relative to H. sapiens, may in part be relat-
ed to correlated growth between the jaw, 
the base and the neurocranium during 
adolescence. It also explains why the 
sub-adult skull shape of H. erectus lacks 
the flared mastoid region evident in adult 
H. erectus. It is possible that the transition 
from H. erectus to H. sapiens involved reg-
ulatory alteration of gene expression and 
developmental trajectories associated 
with the jaw – alteration that can result 
in phylogenesis of skull form (Parsons 
and Albertson 2009). In this sense, as H. 
erectus infants passed through childhood 

Fig. 5. Growth of calvarial dimensions and facial height and jaw width in Australian Aboriginal males. Data 
from (Abbie 1975)
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and adolescence and into adulthood, 
down regulation of genes associated with 
growth of the jaw and associated com-
ponents of the cranial base, would yield 
over time more globular skull shape. 
But not, as we have suggested, because 
of lateral expansion of the parietals, but 
because of reduced growth in the base, 
mastoid region, and jaw. 

Worth noting in this context is that 
in primates, it has been observed that 
cranial volume is more stable under dif-
fering selective regimes than craniofacial 
length, suggesting that the brain and 
neurocranium are less malleable to se-
lective pressures than the face (Isler et 
al. 2008). Taken together this evidence 
suggests that the face and the associat-
ed aspects of the cranial base are on dif-
ferent ontogenetic trajectories than the 
brain and calvaria, differences that may 
account for the results obtained in this 
study. 

Given the face and cranial base seem 
to be on different growth trajectories 
than the neurocranium and calvaria, tra-
jectories potentially more subject to en-
vironmentally induced phenotypic varia-
tion, it is conceivable that growth of the 
face and base could have slowed relative 
to the calvaria. This view finds support 
from observed alterations of the skull 
morphology of domesticated hominoids, 
where changes in lifestyle and diet rel-
ative to wild individuals result in quite 
pronounced differences in facial and jaw 
morphology (Bjork 1950). A similar ap-
proach has been proposed where the im-
pact of dietary factors upon the ontogeny 
of craniofacial growth has been proposed 
as a possible cause of the phenotypic 
differences between gracile and robust 
Australians (Curnoe 2011). Similarly, 
slowing down of growth trajectories as-
sociated with the jaw, base and mastoid 

region, could be related to adaptations 
associated with a change in diet and 
cultural practices associated with food 
preparation during the transition from H. 
erectus to H. sapiens or even within H. sapi-
ens itself – either through increasing use 
of fire, technological advances facilitat-
ing greater extra-oral food processing or 
changes in the kinds of food consumed.

The globular shape of the skull in 
modern humans has been attributed to 
selection for unique cognitive special-
isations (Neubauer et al. 2018). Such 
specialisations are believed to underpin 
evidence of cognitive and behavioural 
modernity in the archaeological record 
during the Middle to the Upper Palaeo-
lithic in Europe around 50,000 to 40,000 
years ago, as well as modern forms of 
language use (Benítez-Burraco and Kem-
pe 2018; Boeckx and Benítez-Burraco 
2014; Neubauer et al. 2018; Niego and 
Benítez-Burraco 2019; Progovac and 
Benítez-Burraco 2019). More specifically, 
it has been argued that expansion of the 
parietals in modern humans results from 
selection for the uniquely human neural 
hub associated with the default mode net-
work (Neubauer et al. 2018). The default 
mode network is believed to be a unique-
ly human neural hub (Rilling et al. 2007) 
underpinning theory of mind (Mars et al. 
2012), mental time travel (Ostby et al. 
2012), the self-reflective capacities of the 
human ego complex (Carhart-Harris and 
Friston 2010; Carhart-Harris et al. 2014) 
as well as meta-cognition – that is the 
ability to not only have thoughts but also 
have thoughts about thoughts (Lou et 
al. 2017; Qiu et al. 2018). Commenting 
on the relationship between modern hu-
man cognition and behaviour, globularity 
and expansion of the parietals Neubauer 
and colleagues write: ‘…parietal bulging in 
present-day humans has been linked to large 
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shape variation in the precuneus….The pre-
cuneus is a central node of the default-mode 
network and an important hub of brain orga-
nization…. [therefore] precuneus expansion 
in H. sapiens is related to cognitive specializa-
tions’ (Neubauer et al. 2018, p. 5). 

Our results suggest an alternative 
to this view. If we consider the more 
globular shape of the Mojokerto child 
relative to adult H. erectus as illustrated 
in Figure 1, globularity seems to result 
from the retention of subadult cranial 
shape into adulthood. For example, the 
frontal lobes of the Mojokerto child are 
anteriorly rounded, the parietal lobes 
are relatively more developed than those 
of adult Homo erectus with the specimen 
sharing relative development of the cere-
bral lobes comparable with modern hu-
man adults (Balzeau et al. 2005). Given 
adult modern humans share these shape 

characteristics to a greater degree with 
subadult rather than adult H. erectus it 
has been argued that H. sapiens calvaria 
shape is paedomorphic relative to H. erec-
tus (Antón 1997).

A question that needs to be ad-
dressed is whether our analysis applies 
to fossil specimens of H. sapiens. In Fig-
ure 6 we present a comparison of Palae-
olithic skulls attributed to Homo sapiens 
(early anatomically modern sapiens) in 
order to address this question. As can 
be seen these earlier members of H. sa-
piens did not differ significantly from H. 
erectus. The exception to this similarity 
is H. sapiens having higher cranial vault 
(po-v) and tending to have somewhat 
smaller basicranial and gnathic dimen-
sions. These, however, were not signifi-
cantly different from those of H. erectus 
because values of their z-scores are less 

Fig. 6. Comparison of Palaeolithic Homo sapiens and H. erectus averages and standard deviations (from Table 1)
Z-score is the difference between values of the cranial dimension divided by its standard deviation. Data for 
specimens shown are from (Lubsen and Corruccini 2011; Morant 1930; Webb 2018b; White et al. 2003).
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than 3 standard deviations away from 
the H. erectus means. Additionally, values 
of their globularity and prognathism in-
dices fit within the range of both Austra-
lian fossils (WLH 50 and WLH 1) and H. 
erectus (Fig. 4).

As already noted, the thesis that 
changes in skull shape such as increasing 
globularity and expansion of the parietals 
provide evidence of selection for unique 
cognitive capacity and brain architecture, 
is based on the apparent co-occurrence 
of increased evidence of behavioural and 
cognitive modernity in the archaeological 
record and changes in skull shape (Neu-
bauer et al. 2018). However, there is no 
indubitable evidence as far as we are 
aware that the causal arrow tends in this 
direction – that is that changes in skull 
shape and putative attendant changes in 
neural architecture are what resulted in 
the production of the artefacts we find in 
the archaeological record. For example, it 
is possible that increasing technological 
capability in H. erectus such as the use of 
fire and extra-oral food processing, re-
sulted in changes in diet that eventually 
led to the changes in skull architecture in 
H. sapiens noted by the above authors. In 
this sense, the cognitive specialisations 
proposed as unique to modern humans 
would have already been present in H. 
erectus – with those specialisations creat-
ing the selective regime that resulted in 
environmentally induced changes in the 
growth trajectories of the mastoid region 
and cranial base, yielding the paedomor-
phic form of modern humans. From this 
perspective the skull shape of modern 
humans was not a result of selection for 
unique cognitive specialisations. Instead, 
it was the result of earlier specialisations 
that resulted in a changed social, cultural 
and technological niche associated with 
improved resource exploitation and food 

preparation. That is the causal arrow is 
operating in the opposite direction from 
that proposed by the above authors.

There has been a great deal of discus-
sion in the extant paleoanthropological 
literature regarding reduced robusticity 
and prognathism, and increased glob-
ularity and gracilisation of the skull. 
Some researchers have argued this trend 
begins at the base of the hominin clade 
with Ar. ramidus some 4–5  Ma, which 
shows evidence of paedomorphic mor-
phogenesis of the skull possibly via the 
process of self-domestication and selec-
tion for increased levels of prosociality in 
social and mating behaviour (Clark and 
Henneberg 2015; Clark and Henneberg 
2017). A similar process has been pro-
posed for the trend towards more gracile 
skull architecture in the Homo genus. For 
example, it has been noted that the male 
skull has tended to become feminised, 
paedomorphic and more globular as a 
result of selection for social tolerance 
and that such a process accounts for be-
havioural modernity (Cieri et al. 2014; 
Hare 2017). While we accept that this 
process may have been part of the adap-
tive suite leading to modern humans, 
our results also suggest a role for chang-
es in diet and masticatory stress in the 
evolution of paedomorphic and globular 
skull form. One way of reconciling these 
two views, is to consider changes in diet 
and reduced masticatory stress resulting 
from extra-oral food processing, would 
have removed selective pressure for a 
more robust face and cranial base. Once 
this selective pressure was removed, 
then paedomorphic morphogenesis via 
the process of self-domestication and 
selection for pro-sociality, could have oc-
curred. In this sense our findings do not 
contradict the evolution of social toler-
ance via self-domestication thesis – they 
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merely postulate an additional factor act-
ing synergistically with the processes of 
social selection.

Our results also suggest that the se-
lective forces resulting in the different 
forms of skull architecture evident in H. 
erectus and modern H. sapiens may not be 
related to selection on brain structure and 
neural organisation. A corollary of this 
position is that the major behavioural 
and cognitive adaptations we associate 
with modern humans were already evi-
dent in H. erectus. In support of this no-
tion numerous authors have argued that 
many of the socio-cognitive adaptations 
characteristic of modern humans were 
already in place in H. erectus (Bednarik 
2013, 2015; Sterelny 2012; Webb 2006). 
Some of the evidence for this position is 
based on the discovery of stone tools at 
approximately 800ka ago on the island of 
Flores in Indonesia (Brumm and Moore 
2012). This island is on the eastern side 
of the Wallace line – a stretch of water 
that is presumed to necessitate the build-
ing and navigation of maritime craft in or-
der to establish a founder population on 
its eastern side (Bednarik 1995; Bednar-
ik 2011, 2013, 2015; Webb 2006). While 
others have argued these migrations may 
have resulted from passive dispersal not 
requiring complex forms of cognition or 
technological competencies (Dennell et 
al. 2014; Leppard 2015) the existence of 
stone tools and possible maritime travel 
– if it occurred – suggests that H. erectus 
possessed the technological competen-
cies as well as the social structure neces-
sary to accumulate technological knowl-
edge and transfer it from one generation 
to another (Sterelny 2012). 

Further evidence for putative advanced 
cognitive capacities in H. erectus has been 
found in China. For example, increasing 
evidence of intentional tool manufacture 

involving enhanced planning and tech-
nical competence continues to emerge 
from China, indicating the development 
of quite complex and sophisticated lithic 
traditions involving the making of Acheu-
lean-like bifacial tools (Kuman et al. 2014; 
Li et al. 2014; Shen et al. 2011; Wang et 
al. 2012; Yamei et al. 2000; Yang et al. 
2017). Significantly, fMR studies have 
suggested Acheulean toolmaking recruits 
brain regions involved in planning, learn-
ing and social scaffolding associated with 
the default mode network (Stout et al. 
2015). We noted above that researchers 
have argued that expansion of parietals in 
modern humans is associated with evolu-
tion of the default mode network (Neu-
bauer et al. 2018). However, the fact that 
the making of Acheulean tools requires 
engagement of the default mode network 
suggests such abilities associated with 
this neural hub were already in place in 
H. erectus. Consequently, the changes in 
skull architecture that we see in the tran-
sition from H. erectus to H. sapiens may not 
be a result of selection for cognitive ca-
pacities associated with expansion of the 
parietal lobes.

In support of the notion that be-
havioural and cognitive modernity ex-
isted in H. erectus, it is worth noting re-
search that suggests the up regulation 
of the dopaminergic system may have 
occurred in this species (DeLouize et 
al. 2017). Dopamine is believed to be 
involved in cognitive skills such as hu-
man language, motor planning, working 
memory, cognitive flexibility and abstract 
reasoning – abilities that are believed 
to have facilitated endurance running, 
hunting and the demographic expansion 
of early hominins (Previc 1999; Previc 
2009). Given the ability of H. erectus to 
make Acheulean tools and the possibil-
ity of maritime craft manufacture and 
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navigation, the role of dopamine in nov-
elty-seeking, exploratory behaviour and 
tool manufacture, suggests the dopami-
nergic system may have been central to 
the evolution of H. erectus (DeLouize et 
al. 2017). And such up regulation of the 
dopaminergic system – a system that is 
central to the uniqueness of modern hu-
man populations – could be selected for 
in the absence of the emergence of more 
globular skull shape. Additionally, such 
changes in neurochemical profiles could 
occur in the absence of brain size in-
creases. Interestingly, there seems to be 
greater overlap of brain size distributions 
between H. erectus and some modern hu-
man populations than occurs between 
specific modern populations themselves 
– which indicates brain size difference 
between these putative species are negli-
gent and unrelated to differing cognitive 
capacities (Clark and Henneberg, this 
volume, pp. 405–429).

Other evidence that behavioural and 
cognitive modernity is unrelated to glob-
ularity and cranial gracilisation is to be 
found in the Australian fossil record. Aus-
tralian fossil populations are renowned 
for possessing a wide range of variation 
from gracile to extremely robust (Curnoe 
2011; Durband 2009; Thorne 1976). Yet 
these Pleistocene populations were nev-
ertheless capable of complex ritual and 
symbolic culture such as burial and cre-
mation (Bowler et al. 1970; Hiatt 1969). 
For example, in Figure 2, we have plotted 
two Australian fossils from the Willandra 
Lakes region, WLH 1 and WLH 50. WLH 
50 has been dated to between 12.2 and 
32.8k years (Grün et al. 2011). WLH1 is 
believed to be approximately 40k years 
old, with evidence of occupation of the 
region between 50–46k years (Bowler et 
al. 2003). Significantly, the site contains 
the oldest evidence in the world of a buri-

al with ochre dated at approximately 30k 
years (Bowler and Thorne 1976; Bowler 
et al. 2003). Cross cultural ethnographic 
analysis suggests that ochre is symbolical-
ly associated with blood and ritual pow-
er – and particularly with fertility rites 
and the blood of hunted animals (Knight 
1995, 2009; Knight et al. 2008; Power 
2004). Some researchers have argued the 
earliest evidence for the use of red ochre 
in a symbolic context can be dated be-
tween 500 and 300k years (Watts et al. 
2016). Whether these claims are valid or 
not is yet to be decided – but the presence 
of an ochre burial in Pleistocene Australia 
does suggest the deep antiquity of such 
symbolic customs in the region.

The implications of these findings are 
that Pleistocene Australians possessed 
symbolic capacities at a quite early date. 
What is worth noting is that Pleistocene 
Australians seem to represent a range of 
variation that overlaps with modern hu-
mans and H. erectus. This can be seen in 
Figure 2 where WLH 1 sits firmly with-
in the modern human sample – while 
WLH 50 clusters with two of the larger 
H. erectus skulls. Significantly, it has been 
suggested that measures of globularity 
be used as a means of establishing taxo-
nomic inclusion into Homo sapiens – with 
the caveat that such inclusion does not 
apply to WLH 50 (Lieberman et al. 2002, 
1138). This assertion is based on the as-
sumption that WLH 50 sits outside of 
the range of variation for Homo sapiens 
due to pathology of the skull. This view 
has been challenged more recently, with 
the robustness of WLH 50 being consid-
ered an allometric result of size increase 
akin to that evident in contemporary In-
digenous Australians, and consequently 
not pathological but part of the varia-
tion evident in Homo sapiens (Curnoe and 
Green 2013). These observations suggest 
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a broader conception of cognitive moder-
nity – one which includes evidence of 
more robust humans found in the Aus-
tralian fossil record. 

The implication of the above discus-
sion is that Pleistocene Australians pos-
sessed a complex symbolic and ritual 
culture despite being comprised of pop-
ulations in which numerous individuals 
lacked globular and gracile skull mor-
phology. Additionally, such hominins 
were able to navigate the oceans from 
South East Asia to Australia as early as 
65ka (Clarkson et al. 2017) – with some 
more speculative dates of shell middens 
and fire suggesting a much earlier arrival 
of 120k years (Bowler et al. 2018). The 
picture that emerges from this evidence 
is seafaring, technologically advanced 
hominins with a complex ritual life and 
symbolic culture. And the presence of ro-
bust and nonglobular skull morphology 
in these populations of fossil Australians 
(Curnoe 2011; Durband 2009; Thorne 
1976) seems to have presented no real 
obstacle for such achievements (Webb 
2006).

In this essay we presented data sug-
gesting there has been greater evolution-
ary alteration of the cranial base and the 
mastoid region than the calvaria in the 
transition from H. erectus to H. sapiens. 
This may have resulted from greater se-
lective pressure on the parts of the jaw 
and skull associated with mastication. 
Additionally, such reduction in the cra-
nial base and mastoid region results in 
a morphology that gives the impression 
of laterally expanded parietals – when in 
fact what seems to have occurred is the 
cranial base and mastoid region grow 
less relative to the parietals in H. sapiens. 
This reduction of growth in the cranial 
base and mastoid region seems to have 
evolved by paedomorphic morphogene-

sis of the skull. Evidence suggests such 
reduction may be related to changes in 
diet and food preparation. Our findings, 
however, do not necessarily contradict 
the social tolerance thesis of paedomor-
phic skull evolution through the process 
of self-domestication. In fact, changes in 
diet and food preparation may have co-
evolved synergistically with changes in 
social structure and attendant technolog-
ical innovation. 
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