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The Plio-Pleistocene transition (�2.56 million-years-
 [Ma]) witnessed profound climatic and ecological
nges in equatorial Africa (Potts, 1998; deMenocal,
4). The formation of permanent Northern hemispheric
sheets precipitated global cooling and increased
ity, with significant consequences for seasonal mon-
nal rainfall across equatorial Asia and Africa. Increasing
ity coincided with contractions of closed-canopy
sts and an expansion of secondary savannah grasslands

oughout East Africa, yet the pace of the environmental

change was apparently gradual and occurred over a period
of more than a million years from 2.65 Ma to 1.2 Ma
(Cerling et al., 2011). Palaeo-climatic reconstructions for
the large-scale hominin-bearing chronological formations
of the East African rift are consistent with a prevalence of
open landscapes and shrub environs of varying density
(Potts, 1998). Over the course of the following
600,000 years (�2.6–2.0 Ma), the terrestrial mammalian
fauna of East Africa changed radically with unprecedented
extinctions of leaf-eating browsers and a widespread
succession of grass-eating grazers (Behrensmeyer et al.,
2007).

While the significance of this crucial transition should
not be understated, it is increasingly clear that this was a
gradual process rather than rapid phenomenon. The
evolutionary radiation of present-day African mammals
occurred during a period of unprecedented climatic
upheaval, yet it was not until the late Lower Pleistocene
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Physical size has been critical in the evolutionary success of the genus Homo over the past

2.4 million-years. An acceleration in the expansion of savannah grasslands in Africa from

1.6 Ma to 1.2 Ma witnessed concomitant increases in physical stature (150–170 cm),

weight (50–70 kg), and brain size (750–900 cm3). With the onset of 100,000 year Middle

Pleistocene glacial cycles (‘‘ice ages’’) some 780,000 years ago, large-bodied Homo groups

had reached modern size and had successfully dispersed from equatorial Africa, Central,

and Southeast Asia to high-latitude localities in Atlantic Europe and North East Asia. While

there is support for incursions of multiple Homo lineages to West Asia and Continental

Europe at this time, data does not favour a persistence of Homo erectus beyond

�400,000 years ago in Africa, west and Central Asia, and Europe. Novel Middle Pleistocene

Homo forms (780,000–400,000 years) may not have been substantially taller (150–

170 cm) than earlier Homo (1.6 Ma–800,000 years), yet brain size exceeded 1000 cm3 and

body mass approached 80 kg in some males. Later Pleistocene Homo (400,000–

138,000 years) were ‘massive’ in their height (160–190 cm) and mass (70–90 kg) and

consistently exceed recent humans. Relative brain size exceeds earlier Homo, yet is

substantially lower than in final glacial H. sapiens and Homo neanderthalensis. A final leap

in absolute and relative brain size in Homo (300,000–138,000 years) occurred independent

of any observed increase in body mass and implies a different selective mediator to that

operating on brain size increases observed in earlier Homo.
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(�1.4 Ma) that secondary grasslands reached their present
dominance in Africa (Ségalen et al., 2007; Cerling et al.,
2011). The catalyst for an ‘acceleration’ of global cooling
and aridity in the late Lower Pleistocene was undoubtedly
a series of unprecedented geographical advances of
Northern hemispheric glacial ice-sheets (Clark et al.,
1999, 2006). Climatic and ecological perturbations of the
Lower Pleistocene were critical in the subsequent evolu-
tionary success of a group of largely extinct terrestrial apes
in Eastern and Southern Africa; the late Pliocene and Lower
Pleistocene hominins (3.3–1.4 Ma), Australopithecus, Para-

nthropus, and the earliest members of the genus Homo

(Wood and Lonergan, 2008; Klein, 2009).
The earliest ‘true’ hominins (Australopithecus) date to

the early Pliocene (4.2–3.8 Ma) and were geographically
restricted in their habitation to North-east and East Africa
(Klein, 2009). There is evidence of a divergence of the basal
hominin lineage (Australopithecus anamensis–Australo-

pithecus afarensis [4.2–2.8 Ma]) in the late Middle Pliocene
and several novel forms are attested in Africa between 3.5
and 3.0 Ma (Kenyanthropus platyops, Australopithecus

barhelghazali, Australopithecus africanus [Wood and Lone-
rgan, 2008]). Body mass estimates for Plio-Pleistocene
australopiths (4.2–1.2 Ma) overlap with the observed
ranges of chimpanzees and small-bodied humans (African
Pygmies, SE Asian Negritos for mass (27–60 kg), whereas
female stature estimates are below 115 cm (105–112 cm)
with males ranging from 135 to 150 cm (Aiello and Dean,
1990; McHenry, 1991, 1992a,b). Cranial capacities of
Pliocene australopiths (4.2–2.9 Ma) overlap with chim-
panzees (380–450 cm3), yet their Lower Pleistocene
descendants in eastern and southern Africa (2.5–1.4 Ma)
approach large male gorilla’s (420–530 cm3 [Aiello and
Dean, 1990; Klein, 2009]). The precise phylogenetic
affinities of late Pliocene-early Lower Pleistocene (3.5–
2.3 Ma) australopiths to Lower Pleistocene Homo

(�2.4 Ma) remain problematic, yet irrespective of poten-
tially younger dates for some early Homo from Koobi Fora
(Gathogo et al., 2008; Feibel et al., 2009), fragmentary
specimens from Omo and the Middle Awash (Ethiopia)
remain the best candidates for the earliest Homo (Klein,
2009). Late Pliocene-early Lower Pleistocene sequences in
East Africa are considerably richer and contain sequential
volcanic strata that bracket distinct geological ‘‘members’’
over the relevant timeframe of interest (�2.8–1.9 Ma).

A. afarensis inhabited both lakeside and open-scrub
habitats in Ethiopia, Kenya, and Tanzania from �3.8 Ma to
2.8 Ma, but is absent from early Pleistocene (�2.6–2.4 Ma)

deposits in East Africa (Klein, 2009). Several novel hominin
forms, including the ‘‘robust’’ australopiths (Paranthropus),
characterised by inordinately enlarged post-canine and
diminutive anterior teeth, are first attested in East Africa at
2.6–2.5 Ma. The earliest stone-tool technologies and
evidence of deliberate modification of faunal remains
are also exclusively East African, yet they cannot be
confidently tied to the emergence of an ‘advanced’
hominin. Fossil discoveries in Africa and Central Asia,
together with a revised chronology for hominin-bearing
deposits in Southern Africa and Java (Indonesia), have shed
significant light upon the emergence of Homo (Wood and
Collard, 1999a,b; Wood and Lonergan, 2008). By �2.0 Ma,
fossil deposits in Ethiopia, Kenya, and possibly South
Africa, attests the emergence of a new terrestrial ape
characterised by proportionally smaller canines and
posterior teeth (Klein, 2009; Berger et al., 2010). It is
among these novel morphs that the ancestor of later
Pleistocene and recent humans assuredly lies.

2. Lower Pleistocene Homo (2.4 Ma–800,000 years)

The increase in cranial capacity in early Homo is
impressive (Table 1 and Fig. 1) and even the smallest
females have cranial volumes in excess of the largest male
australopiths (Table 1; Wood and Collard, 1999a,b; Klein,
2009). Early Homo from Dmanisi, Georgia, exhibit striking
similarities to Homo erectus from Africa, East and Southeast
Asia, yet evidence a size range comparable to extant
gorillas (Rightmire et al., 2006). Early Homo females (2.4–
1.5 Ma) evidence cranial volumes ranging from �530 to
625 cm3, whereas Lower Pleistocene African and Indone-
sian Homo males generally exceed 700 cm3 (Ruff et al.,
1997; Antón, 2003; Rightmire, 2004) and are substantially
larger. The Mojokerto child, a probable �1–1.5 year-old H.

erectus, possessed a cranial capacity of 663 cm3 and
approaches the largest early Pleistocene Homo females
from Africa and Asia at �1.7 Ma (Coqueugniot et al., 2004).
Postnatal growth in early Homo was significantly advanced
compared with recent human children and adulthood was
likely achieved at �8.5 years in females and �10.5–
12.5 years in males, as in living chimpanzees and gorillas
(Robson and Wood, 2008; Dean and Smith, 2009).

The KNM-WT 15,000 adolescent H. erectus individual
from west Lake Turkana (Kenya) is estimated to be
�8.5 years-at-death (Dean and Smith, 2009) rather than
12–13 years as predicted by postcranial epiphyseal fusion
(Walker and Leakey, 1993). Stature and body mass in

Table 1

Stature, mass, and cranial volume ranges for Plio-Pleistocene hominin species.

Species Age (Myrs) Stature (cm) Mass (kg) Cranial volume

Australopithecus afarensis 3.8–2.8 Ma 105–135 26–52 380–500

Australopithecus africanus 3.2–2.1 Ma 105–135 26–52 428–530

Paranthropus boisei 2.4–1.3 Ma 105–150 32–60 475–530

Paranthropus robustus 2.0–1.3 Ma 105–135 32–52 �450–530

Homo rudolfensis 2.4–1.7 Ma 145–155 51–60 �752

Homo habilis sensu stricto (East Africa) 2.4–1.8 Ma 145–155 40–65 540–673

Early Homo (Dmanisi, Georgia) 1.7 Ma 145–155 40–65 600–775

Homo erectus (Early Lower Pleistocene) 2.0–1.5 Ma 150–170 40–70 540–909
Homo erectus (Late Lower Pleistocene) 1.5–1.0 Ma 150–170 45–85 775–1067
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M-WT 15,000 are predicted at 156 cm and 60 kg
I = 23.1) with a cranial capacity slightly above

 cm3 (Ruff et al., 1997). There is a general pattern of
reasing absolute brain size over time in Lower
istocene early Homo (2.4–1.0 Ma) and by �1.5 Ma
remely diminutive females with cranial capacities less
n 700 cm3 disappear from the fossil record (Rightmire
l., 2006; Spoor et al., 2007). Late Lower Pleistocene H.

ctus (1.5 Ma–800,000 years) from Africa and Southeast
a evidence cranial capacities in excess of 1000 cm3 in
les and 800 cm3 in females (Fig. 1). While the male
an for Asian Middle Pleistocene H. erectus remains
prisingly stable over the following million years, female
nial capacities increased to above 900 cm3 (Fig. 3;
htmire, 2004)
The observed increase in body size in early Homo is
ally striking (Table 1 and Fig. 2). Early Homo females
.9 Ma) evidence a �40% increase in femur length and
ximal (‘‘hip-joint’) diameter relative to diminutive
cene (3.6–2.6 Ma) female australopiths (McHenry,
1, 1992a,b; Lordkipanidze et al., 2007]). Early Homo

ividuals (1.9 Ma) exhibit a stature range of �148–
 cm and a body mass range of �37–60 kg, well within

 lower–middle range of recent humans (Eveleth and
ner, 1976, 1990). Nonetheless, early Homo females

re undeniably small and sexual dimorphism (male–
ale size differences) approached levels seen in gorillas

 orang-utans (Gorilla, Pongo) and was not appreciably
erent from extinct australopiths (Rightmire et al., 2006;
or et al., 2007). Increased body size and a substantial

ngation of the lower limb, absolutely and relatively,
y have conferred substantial physiological and ener-
ic benefits to early Homo over Australopithecus, includ-
 a reduced cost of locomotion at speeds of 1.3–2.5 ms�1,
reased load-carrying efficiency, and perhaps endurance

running over distances greater than 12 km (Cavagna et al.,
2000; Bramble and Lieberman, 2004).

The physiognomy of the KNM-WT 15,000 H. erectus

skeleton (�1.56 Ma [Klein, 2009]) is strikingly ‘‘human-
like’’ compared with the ‘‘ape-like’’ reconstruction of the
3.2 Ma A.L. 288-1 female A. afarensis skeleton (sta-
ture = 105 cm, body mass = 27.3 kg; BMI = 24.77; Jungers,
1988, 1991) and possessed significantly longer lower limbs
relative to mass and trunk height (Ruff and Walker, 1993;
Graves et al., 2010). H. erectus is recorded in Africa, East and
Southeast Asia in the late Lower Pleistocene (1.25 Ma) and
generally exceeds the size range of ‘small-bodied’ living
humans and their early Lower Pleistocene predecessors
from closer to 2.0 Ma (Fig. 2 [Shea and Bailey, 1996]). H.

erectus male cranial capacities at the time are �1025 cm3

and females average about �800 cm3, almost equivalent to
that of Homo males prior to 1.5 Ma and a significant size
increase must have occurred at this time (Ruff et al., 1997).
A few of these late Lower Pleistocene Homo males are
‘‘massive’’ by any comparative standard and exceeded
80 kg in mass (Ruff et al., 1993, 1997). The ecological
significance of the evolutionary size increases in Lower
Pleistocene Homo between 2.4 Ma and 1.2 Ma cannot be
understated and herald a fundamental transition from a
primarily vegetative (fruits, nuts and plants) dietary
regime to one focussed towards an increased reliance on
animal protein and fat (Aiello and Key, 2002). This
ecological and dietary shift was crucial in the emergence
of Homo between �2.6 Ma and 2.1 Ma, yet the involvement
of contemporary australopiths, especially Paranthropus, in
the manufacture of early stone and bone assemblages
cannot be dismissed (Blumenschine, 1987; Klein, 2009).

Environmental transformation of the East African
landscape in the late Lower Pleistocene (1.6–1.2 Ma)
coincided with an exponential increase in the terrestrial
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1. Cranial capacity in Plio-Pleistocene hominins (3.6 Ma–600,000 years). Closed black squares, males; open black triangles, females. Note the marked

ease in Homo male and female cranial capacities at 1.8 Ma relative to contemporary australopiths. Female Homo cranial capacities are in excess of

 cm3. The line is fitted through the female series.
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mammalian biomass and, by extension, availability of
carnivore carcasses. Late Lower Pleistocene Homo (1.6–
1.2 Ma) evolved a series of successful bio-behavioural
adaptations to maximally exploit this emerging market
niche and cement their status within an expanding
predator guild (Blumenschine, 1987; Klein, 2009). In
contrast to a once prevailing paradigm, late Lower
Pleistocene Homo (�1.4 Ma) were not ‘forced’ on to the
savannah by a gradual dwindling of preferred resources,
rather they improved a pre-existing ecological stratagem
of ‘proactive scavenging’ of animal carcasses to maximise
access to better quality kills (edible mass, fresh) over their
ecological competitors, hyenas and hunting-dogs (Foley,
1987; Blumenschine et al., 1994).

Increased terrestrial mobility was critical in the
ecological transformation of Homo after �1.5 Ma (Antón,
2003; Bramble and Lieberman, 2004). The success of Homo

(1.5–1.0 Ma) was primarily palaeoecological and coincided
with a marked expansion in absolute exploitation ranges,
annually and seasonally, intimately tied with an absolute
increase in body and brain size compared with earlier
Homo (Klein, 2009). An intriguing consequence of this
ecological shift was that it ultimately necessitated
profound cognitive, behavioural, and social refinements
in early Homo. The appearance of Acheulian stone
‘‘handaxes’’ at �1.4 Ma marks a significant conceptual
advance over the relatively crude, yet remarkably effective,
core-and-flake-based industries of the early Lower Pleis-
tocene (2.6–1.4 Ma). The behavioural record becomes
increasingly more complex, exemplified by substantial
cultural accumulations around large rivers and permanent
lakes. The presence of Homo is recorded in North Africa, the
Near East and Northern Spain in the late Lower Pleistocene
(1.4–1 Ma) and further substantial dispersals to Central
and Southeast Asia probably occurred at this time

(Dennell, 2003; Dennell and Roebroeks, 2005). Late Lower
Pleistocene Homo (1.5 Ma–800,000 years) were cogni-
tively, biologically, and behaviourally more sophisticated
than their earlier Pleistocene predecessors and this was
critical in their subsequent evolutionary success.

3. Early Middle Pleistocene Homo (780,000–
400,000 years)

The Middle Pleistocene Transition (MPT) witnessed a
shift in cyclical periodicity of Northern hemispheric glacial
advances and recessions on a timescale of �100,000 years
(Clark et al., 1999, 2006). Interglacials, including the present
Holocene, were comparably short (10,000–20,000 years)
relative to the oppressive climatic deteriorations accom-
panying glacial advances (Klein, 2009). A novel hominin
species (Homo antecessor) from North-central Spain, dated
to 1.2 Ma–780,000 years-ago, may be pivotal in the ancestry
of later Homo (Carbonell et al., 2008; Bermúdez de Castro
et al., 2010). The earliest Homo dispersals from Africa to
Europe occurred at �1.2 Ma, yet current evidence is
consistent with only intermittent habitations prior to
500,000 years ago, perhaps confined to warm interglacials
(Bermúdez de Castro et al., 2010; Parfitt et al., 2010). An
adult clavicle (161.5 mm) and radius (�257 mm) of H.

antecessor (�780,000 years) are within the recent human
and ‘‘archaic’’ human size range (Trinkaus, 1983; Carretero
et al., 1999). Estimated stature for the H. antecessor radius is
�173 cm, close to the mid-20th century European male
mean (Eveleth and Tanner, 1976, 1990).

Homo is known from Africa, Asia, and Europe from
780,000 to 400,000 years ago (Stringer and Gamble, 1993;
Manzi, 2004). The Mäuer mandible, type specimen of Homo

heidelbergensis, is likely older than 621,000 years and
resembles H. erectus which is attested in Mediterranean
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Fig. 2. Body mass in Plio-Pleistocene hominins (3.4 Ma–600,000 years). Closed black squares, males; open black triangles, females. Note the marked increase

in Homo male and female body mass estimates at 1.8 Ma relative to contemporary australopiths. The line is fitted through the female series.
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ope and West Asia at this time (Manzi, 2004; Klein,
9). The persistence of H. erectus in the early Middle

istocene of Africa (780,000–400,000) seems doubtful
 current data suggests that H. erectus was extinct in
ope, Central and western Asia by �400,000 years ago
htmire, 2010). Homo from Africa and Europe at this
e are massive and available facial skeletons, teeth, and
ndibles all exceed Holocene (>9800 years BP) and even
r Pleistocene Homo (138,000–9800 years cal BP) in
st absolute dimensions. Postcranial remains of Middle
istocene Homo (780,000–138,000 years) are rare, yet
at does exist confirms the immense size of these
historic humans relative to Upper Pleistocene
8,000–9800 years) and Holocene humans (>9800 years
rs cal BP [Ruff et al., 1993; Trinkaus et al., 1999a,b]).
le body mass approaches 80–90 kg (Trinkaus et al.,
9a,b). A right femur from Trinil (Indonesia), probably of
erectus, the sole species from Middle Pleistocene
osits of the Solo river, Indonesia (�700,000 years),

lds an estimated stature of �163–164 cm and body
ss of �58.5 kg, close to estimates for the Lower
istocene (�1.56 Ma) adolescent KNM-WT 15,000 ske-
n (Ruff and Walker, 1993).

ater Middle Pleistocene Homo (�428,000–
,000 years)

Later Middle Pleistocene Homo from Africa and Eurasia
heidelbergensis/Homo rhodesiensis) dated to between
,000 and 242,000 years ago evidence substantial

reases in absolute brain size relative to earlier humans
. 3; Ruff et al., 1997; Rightmire, 2004). Cranial capacities

females exceed 1100 cm3 and larger males attest cranial
capacities in excess of 1300 cm3 (Rightmire, 2004). Available
postcranial remains from �428,000 to 138,000 years con-
firm their immense size and stature estimates for males
from Kabwe (Zambia), Berg Aukas (Namibia), and Atapuerca
(Spain) range from 170 to 180 cm, equivalent to present-day
large-bodied males (Eveleth and Tanner, 1976, 1990). Body
mass is substantial, ranging from 70 to 90 kg, and represents
some of the largest individuals in the human fossil record
(Fig. 4; Ruff et al., 1997). If the Kabwe (Zambia) remains do
largely sample a single large-bodied male individual
associated with the cranium, relative brain size in H.

heidelbergensis substantially exceeded H. erectus (KNM-WT
15,000) yet remained lower than in terminal Pleistocene
Homo �160,000–9800 years cal BP (Ruff et al., 1997). With
an estimated stature of 169 cm and mass of 75–79 kg (BMI of
26.8), a female partial skeleton from Jinniushan, China
(�260,000 years) is further evidence that relative brain size
in Homo at �260,000 years ago was lower than in terminal
Pleistocene and Holocene humans (160,000–9800 years cal
BP) of equivalent body size (Rosenberg et al., 2006).

The emergence of ‘‘modern’’ humans (H. sapiens) in
Africa between 300,000 and 160,000 years ago is well-
documented with respect to fossil evidence pertaining to
morphology and growth and development on the one
hand, and archaeological perspectives on behavioural and
social evolution on the other (Stringer and Gamble, 1993;
McBrearty and Brooks, 2000; Klein, 2009). The increase in
absolute cranial capacity in African late Middle Pleistocene
Homo (<300,000 years) is remarkable. Female crania are
in excess of 1200 cm3 and males consistently exceed
1400 cm3, approaching the recent H. sapiens mean (Fig. 3).

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

1700

1800

0100200300400500600700800900100011001200130014001500

Chronological Age (1000's of years)

C
ra

n
ia

l 
C

a
p

a
c
it

y
 (

c
c
's

)
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ile some late Middle Pleistocene African Homo
he smallest Afro-Eurasian late Middle Pleistocene Homo Wh
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(<300,000–138,000 years) were undeniably ‘massive’,
among the tallest and heaviest that have ever lived, there
is little convincing support for any substantial increase in
body size beyond Middle Pleistocene Homo prior to
300,000 years ago (Fig. 4; Ruff et al., 1997). The increase
in cranial capacity in African late Middle Pleistocene
humans (300,000–160,000 years) cannot have been a
consequence of a simple increase in height and mass
and instead reflects direct selection for an absolutely and
relatively enlarged brain coupled with prolonged pre-
natal, infant and adolescent growth (Rightmire, 2004;
Robson and Wood, 2008). The fossil record of North-east
and East Africa attests the earliest appearance of indivi-
duals morphologically indistinguishable from H. sapiens

between �200,000 and 160,000 years ago (McBrearty and
Brooks, 2000; Klein, 2009).

The earliest Neandertals may date to �300,000 years
ago and are found at the Sima de los Huesos (Atapuerca
[Burgos, Spain]) and Weimar–Ehringsdorf (South-east
Germany), with later representatives recorded after
�230,000 years (Stringer and Gamble, 1993; Arsuaga
et al., 1997a; Hublin, 2010). The Sima de los Huesos
postcrania are considerably larger in their linear dimen-
sions than are recent humans and evidence a number of
derived traits shared with the Neandertals (Trinkaus,
1983; Carretero et al., 1997; but see Arsuaga et al., 1999).
Sexual size dimorphism in the Sima de los Huesos sample
is equivalent to recent humans and contrasts with the
‘‘gorilla-like’’ levels of sexual dimorphism in Lower
Pleistocene Homo (Arsuaga et al., 1997b). Neandertal
females from Krapina (Croatia [�140,000 years]) attest a
body mass of �58 kg and a cranial capacity of �1200 cm3

(Ruff et al., 1997), whereas a likely male yields a mass of
�79 kg. Some female postcrania from Krapina may sample
the same individual as the Kr 3 cranium, and if so this

suggests that terminal Middle Pleistocene Neandertals
(140,000 years) possessed a relative brain size equivalent
to Upper Pleistocene ‘‘archaic’’, ‘‘modern’’, and Holocene
recent humans (120,000 years–present).

The ‘massiveness’ of late Middle Pleistocene Homo

(500,000–138,000 years) was critical in their immediate
survival and subsequent evolutionary success. The late
Middle Pleistocene archaeological record (400,000–
138,000 years) attests widespread persistence of human
populations in the northern hemisphere during extreme
glacial conditions and indisputable evidence for planned,
large-scale, co-operative predation of mammal herds
(McBrearty and Brooks, 2000; Klein, 2009). In contrast
to their earlier Pleistocene predecessors (2.4 Ma–
500,000 years), late Middle Pleistocene Homo populations
were no longer restricted in either their geographic range
or population densities by the availability of carcasses
primarily determined by factors beyond their immediate
control. By the onset of the late Middle Pleistocene
(400,000 years), Homo had emerged as a highly resourceful
dietary generalist and high-ranking social predator with a
geographic range encompassing much of the Old World.

5. Upper Pleistocene ‘‘archaic’’ and ‘‘modern’’ Homo
(138,000–9800 years cal BP)

The ‘‘classic’’ Neandertals are confined to the Upper
Pleistocene (138,000–9800 years cal BP) of Continental
Europe, West and Central Asia (Klein, 2009) and their
demise is securely dated to within a few millennia of
Heinrich Event 4 and the Campanian Ignimbrite volcanic
eruption in Southern Italy at �39,000 years ago. While
Neandertals initially evolved in Europe (�280,000–
138,000 years), it is only during the penultimate inter-
glacial and final glacial (138,000–50,000 years) that they
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cessfully dispersed to Central and South-west Asia
inger and Gamble, 1993; Klein, 2009). A possible

alyst for this eastward Neandertal dispersal was a
ere climatic downturn at �72,000 years (Mellars,
6). Neandertal adaptations; biological, ecological,

ial and cultural, were paramount in their successful
ptation to novel environs of Central and South-western
a.

The persistence of H. erectus in Southeast Asia in to the
Late Pleistocene (160,000–9800 cal BP), long after its
extinction throughout much of the Old World, is all the
more astonishing because the Ngandong H. erectus

(50,000 years) are substantially larger than chronologically
earlier Javan forms from Sambungmacan (120,000 years)
and Sangiran (780,000–400,000 years [Fig. 5]) individuals.
A tibia from Ngandong is extremely large and the
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individual in question must have exceeded 70 kg. Figs. 5
and 6 clearly show that terminal Middle Pleistocene Homo

females (140,000 years) were not considerably smaller
than their Upper Palaeolithic successors, particularly in
absolute brain size (Fig. 5), whereas some Upper Palaeo-
lithic males (Neandertals and modern humans) were
substantially larger. Absolute cranial capacity in the
pooled-sex Neandertal sample (�1453 cm3) is lower than
in Levantine ‘‘early modern’’ (120,000–90,000 years
[1501 cm3]) and European late Pleistocene (39,000–
11,000 [1524 cm3]) Homo sapiens, yet substantially larger
than in 13–14th Century AD Pecos Pueblo Amerinds
(1308 cm3 [Ruff et al., 1997]).

The lower Neandertal average reflects the extremely
small absolute brain size of penultimate glacial females
(220,000–138,000 years [1200–1280 cm3]) relative to their
Upper Pleistocene successors (>138,000 years) who evi-
dence cranial capacities in excess of 1300 cm3 (Fig. 5).
The Qafzeh 11 Levantine ‘‘early modern’’ female
(�120,000 years) also has a cranial capacity lower than
1300 cm3 and equally contrasts with European terminal

Pleistocene Homo sapiens females (Ruff et al., 1997). Body
mass estimates for Neandertal males (�76 kg [Table 2 and
Fig. 6]) exceed Levantine and European Upper Palaeolithic
humans, but not late Middle Pleistocene African Homo. In
contrast, females were substantially smaller and approx-
imate Levantine (Qafzeh 9), European Early Upper
Palaeolithic (39,000–22,000 years), and recent human
females (�64 kg). Neandertal stature estimates yield a
range of 154–174 cm and while males fall within the range
of late 20th Century European adult males, females were
comparably shorter (Eveleth and Tanner, 1990). Relative to
stature estimates for some late Middle Pleistocene African
and European Homo, many Neandertals were indisputably
short.

European Early Upper Palaeolithic (EUP) males
(38,000–22,000 years) are generally of larger stature than
their Holocene prehistoric successors (<9800–2600 years
cal BP) and Mediaeval Europeans (Frayer, 1980, 1981).
While stature was as variable in the past as in any recent
comparative sample, the earliest Homo sapiens in Europe
(Table 2) were among the tallest peoples that have ever

Table 2

Stature, mass, and cranial volume ranges for Middle Pleistocene Homo.

Species Age (Myrs) Stature (cm) Mass (kg) Cranial vol. (cm3)

H. erectus (Lower–Mid Pleistocene) 1.4 Ma–400,000 years 150–170 45–85 775–1225

H. erectus (Ngandong) 50,000 years – 50–90 1013–1251

Early Middle Pleistocene Homo 780,000–400,000 150–180 50–90 1100–1280

Later Middle Pleistocene Homo 400,000–280,000 150–190 50–90 1100–1390

Homo sapiens sensu lato 280,000–160,000 155–190 45–90 1300–1550

Table 3

Cranial capacity, stature and mass in late Pleistocene and recent humans.

Crania Stature Mass

Mean SD Mean SD Mean SD

Eurasian Neandertals

Males 1609.78 67.61 169.27 3.30 77.09 6.35

Females 1276.75 55.17 156.42, 154.23 – 63.50 3.41

Skhul/Qafzeh

Males (n = 4) 1548.50 29.58 180.98 7.41 69.12 1.93

Females (n = 2) 1531, 1280 – 166.31 – 63.98 –

European EUP

Males (n = 20) 1583.70 105.10 174.86 7.35 70.05 8.25

Females (n = 11) 1415.82 68.03 158.69 4.36 60.05 3.89

European LUP

Males – – 163.63 5.09 70.35 4.12

Females – – 154.21 2.89 57.88 4.97

Pecos Pueblo Amerinds

Males 1383.93 81.86 – – 60.85 5.16

Females 1287.37 114.01 – – 48.27 4.11

SA Zulu

Males – – 167.47 6.01 63.08 5.60

Females – – 157.83 3.45 54.55 4.22

Poundbury

Males – – 169.58 5.22 71.95 5.36

Females – – 155.57 4.42 57.28 3.84

Mediaeval Hungarians

Males – – 169.52 6.14 69.43 7.65
Females – – 155.66 4.92 55.79 3.87
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d (Ruff et al., 1997). Early Upper Palaeolithic (39,000–
000 years) females have an average estimated stature of
60 cm, more or less equivalent to Europeans of the late
0s who have undergone a substantial increase in
ure during past decades and now approach the heights
heir Upper Pleistocene predecessors from 120,000 to
0 years cal BP (Eveleth and Tanner, 1990; Ruff et al.,
7). Body mass estimates for European Early Upper

aeolithic humans (39,000–22,000 years) are generally
ivalent to those of late prehistoric, Mediaeval and living
opeans, with an average of �70 kg in males and �60 kg
females (Fig. 6). In contrast, European Late Upper
aeolithic (LUP) humans (18,000–9800 years cal BP)
dence a significant decline in average stature relative to

 males (�6.87%) and females (�3.8% [Fig. 6]). The most
ious manifestation of this trend is a virtual absence of
remely tall males with statures in excess of 180 cm after

 last glacial maximum (18,000 years), with a coales-
ce of stature in males at �164 cm, 10 cm lower than the
ly Upper Palaeolithic average (39,000–22,000 years).
s decline was not accompanied by a substantial
rease in male mass, whereas females attest a �3.8%
line in mass relative to their Early Upper Pleistocene
decessors (39,000–22,000 years) (Table 3).

atterns and processes in Pleistocene Homo evolution
 Ma–9800 years cal BP)

Early Homo (�2.0 Ma) constitutes a significant evolu-
ary and palaeobiological shift from earlier and con-
porary australopiths (�4.2–1.2 Ma). Nevertheless,
y size, absolute and relative brain size in early Homo

s comparably small relative to Middle–Upper Pleisto-
e (500,000–9800 years cal BP) and more recent

ans. Only African Pygmies and Southeast Asian
gritos’ occupy a lower size range comparable to early

o dated to �2.0–1.6 Ma. Observed changes in body
, body proportions, absolute and relative brain size in

ly Homo comprise an integrative ‘‘adaptive package’’
alding a fundamental biological, ecological, and beha-
ural departure from that of Plio-Pleistocene australo-
s (4.2–1.2 Ma). The marked reduction in the size of the

ek teeth in early Homo has been historically tied to a
ft in diet in early Homo and contrasts markedly with the
rease in premolar and molar proportions of late-
viving A. africanus from Sterkfontein (2.4–2.1 Ma) and

 ‘‘robust’’ australopiths of Eastern and Southern Africa
–1.4 Ma). The emergence of novel dietary and ecolo-
l adaptations were crucial underpinnings of the late
cene–early Pleistocene adaptive radiation of African
inins and were equally crucial in the emergence of an

olutely and relatively large brain in early Homo. The
pensive tissue hypothesis’’, which posits that an
rease in net metabolic energy required to enlarge the
in in utero in early Homo occurred as a result of
comitant reductions in the absolute size of the
erging intestines, remains a plausible explanative for

 anatomical, physiological and ecological shifts in early
o. The earliest stone tools, dated to �2.6 Ma, are

ociated with carcass processing primarily for the
raction of marrow. Early Homo may not have been

the sole manufacturers of the earliest technologies, yet
following the extinction of the ‘‘robust’’ australopiths at
�1.2 Ma, they were the sole inheritors of this adaptive
behavioural tradition. The most striking testimony to this
novel development is the subsequent geographic dispersal
of early Homo to Central and Southeast Asia by �1.8 Ma.

By 1.1 Ma, Homo males consistently exceed the size
range of small-bodied living humans and diminutive
females with cranial capacities less than �700 cm3

disappear from the fossil record at this time. The size
increase in late Lower Pleistocene Homo between c. 1.2 Ma
was an adaptive response to novel environmental pres-
sures with significant ecological and behavioural implica-
tions. The terminal Lower Pleistocene archaeological
record in Africa around 1.2 between 1.4 and 1.0 Ma has
yielded indisputable evidence that seasonal and annual
mobility in Homo increased significantly and was accom-
panied by equally unprecedented sophistication in stone
tool manufacture and raw material exploitation strategies.
By 800,000 years ago, Homo had expanded its geographic
range to encompass the high-latitude temperate zones of
Atlantic Europe and East Asia.

Middle Pleistocene humans from Africa and Europe
(780,000–138,000 years) were among some of the largest
Homo to have ever lived. The early Middle Pleistocene
fossil record is comparably poor, yet fragmentary crania,
jaws and postcrania confirm that these prehistoric Homo

cluster in the upper size range of their Lower Pleistocene
predecessors (1.6 Ma–800,000 years). By �400,000 years
ago, Homo crania and postcrania from Africa and Europe
indicate substantial increases in stature, mass, and brain
size and sexual size dimorphism was equivalent to recent
H. sapiens, yet absolute and relative brain size was
substantially lower than in recent and late Middle
Pleistocene Homo (200,000–138,000 years). The late Mid-
dle Pleistocene (300,000–138,000 years) witnessed the
divergence of the Homo lineages which eventually gave
rise to ‘‘modern’’ humans in Africa (Homo sapiens) and
Neandertals (Homo neanderthalensis) in Europe. The
Florisbad cranium, dated to �280,000 years ago, is most
likely an early representative of H. sapiens. While body size
remained ‘massive’ in late Middle Pleistocene Afro-
European Homo (300,000–138,000 years), overall body
size did not apparently exceed their earlier Middle
Pleistocene predecessors (780,000–400,000 years). The
marked increase in brain size in late Middle Pleistocene
African Homo cannot therefore have been a consequence of
a simple increase in body size and is best explained as a
consequence of direct selection for an enlarged brain at
birth with subsequent prolongation of brain growth in the
first �5–6 years of post-natal life. Both the timing and
stimulus of this final ‘encephalisation’ in Homo remains
elusive, but the absence of data attesting a significant shift
in Homo ecology yields tentative support for a bio-social
catalyst, rather than an ecological one. What, if anything,
are the implications of this for understanding the
evolutionary history of our Neandertal cousins?

Late Middle Pleistocene (250,000–138,000 years) Homo

evidence considerable body and brain size variability
and probably slightly elevated sexual size dimorphism
relative to Upper Pleistocene (<90,000 years) ‘‘archaic’’
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and ‘‘modern’’ Homo. Elevated size variation among the
Qafzeh peoples confirm that this was not restricted to late
Middle Pleistocene Neandertals and was equally pro-
nounced in early H. sapiens. Diminutive females such as
Qafzeh 6 (120,000 years) and early Neandertal females
from 190,000 to 140,000 years ago are absent from the
Upper Pleistocene of Eurasia (90,000–9800 years cal BP).
The observed increase in absolute brain size in contem-
porary Neandertal and Afro-European H. sapiens popula-
tions is consistent with an equally significant increase in
body size; Upper Pleistocene Homo did not experience a
marked increase in relative brain size. Intriguingly, an
identical phenomenon may exist among late-surviving H.

erectus populations on Java and crania from Ngandong,
Indonesia, dated to 50,000 years ago, also evidence a
substantial increase in cranial capacity (>1100 cm3)
relative to earlier Pleistocene H. erectus (�1000 cm3) from
1.8 Ma to 20,000 years ago (Fig. 3). Body size in the Upper
Pleistocene Ngandong hominins likely exceeded 70 kg.

The evolutionary size increases (stature, mass, brain) in
Pleistocene Homo over the course of the past 2 million-
years did not occur within an environmental and
ecological vacuum. Nor did they occur gradually, as
successive increments over restricted timeframes of a
few hundred thousand years, as envisaged in simple
regression exponents. In contrast, the observed size
increases were restricted, chronologically and geographi-
cally, and characterised by brief, yet marked, shifts in body
and brain size that correspond with significant ecological
and behavioural shifts demarcated in the archaeological
record. Late Lower Pleistocene H. erectus (�1.2 Ma) in
Africa and Asia possessed brains and bodies that were
substantially larger than their predecessors, including
KNM-WT 15,000 (1.56 Ma), yet there is little support for
any marked reduction in size dimorphism or an increase in
relative brain size. An obvious counterweight to a
hypothesis of gradual increases in brain size (‘‘encepha-
lisation’’) in Homo over the past 2 million-years is the
absence of any solid data supporting such a trend in Homo

erectus, the most persistent and successful of all Pleisto-
cene Homo species. While ‘‘Ngandong-sized’’ H. erectus

crania do exist in the younger members of Zhoukoudian
(China), other Chinese and Javan specimens dated to
between 500,000 and 200,000 years reveal no substantial
increases in cranial capacity over African late Lower
Pleistocene and Asian early Middle Pleistocene (1.4 Ma–
780,000 years) H. erectus.

The early Middle Pleistocene fossil and archaeological
records of Africa, Europe, and Asia are poor, yet there is
evidence that prehistoric humans were capable of survival
at high-latitudes in Atlantic Europe and East Asia. While
the evidence for persistent habitation of northern latitudes
by Homo during the early Middle Pleistocene is weak, the
archaeological record after �600,000 years ago confirms
that significant ecological and socio-behavioural changes
had already occurred within Homo. The emergence of
proficient and cooperative hunting strategies, increased
site densities, and increasing sophistication in tool-and-
weapon manufacture by Homo populations are coupled
with a significant increase in body size (stature, mass),
absolute and relative brain size, and a marked decline in

sexual size dimorphism. These Middle Pleistocene humans
(H. heidelbergensis, H. rhodesiensis) were undoubtedly
different from H. erectus in many important aspects of
their biology, sociality, and behaviour, yet they equally
contrast with more recent peoples (>9800 years cal BP)
and our later Pleistocene ancestors in Africa and Europe
(200,000–9800 years cal BP).

Middle Pleistocene humans should not be caricatured
as convenient ‘‘missing links’’ in a gradualist transforma-
tion of H. sapiens from Lower Pleistocene H. erectus and the
evolutionary history of many Middle Pleistocene Homo

lineages remains poorly documented. Few may have left
long-term descendants who inhabited their Old World
locales by �250,000 years ago. Nonetheless, one such
dispersal of immigrant Homo to Europe after
�300,000 years has held a profound fascination for
successive generations of Palaeo-anthropologists since
1856. For their ultimate descendants were the Neandertals
that would eventually disperse to Southwest, Central and
North-east Asia during the last glacial (118,000–
40,000 years). The earliest Homo sapiens in the Middle
Pleistocene of Africa (300,000–160,000 years) were as
large as their Middle Pleistocene predecessors (780,000–
300,000 years) yet possessed an absolute brain size in
excess of earlier Pleistocene Homo. The documented
increase in absolute and relative brain size in African
Homo after 300,000 years is a character shared with
Eurasian Neandertals and may indicate a close biological
relationship between ‘‘modern humans’’ and Neandertals.
The increase in body size in Upper Pleistocene Homo

throughout the Old World, including late-surviving H.

erectus in Southeast Asia, was probably ecological and
confirms the latent plasticity of body size in fossil Homo in
response to changing environmental and ecological con-
ditions. Indeed, the major decline in body size in world-
wide Holocene populations after 9800 years cal BP cannot
be readily explained by biological factors alone (Mummert
et al., 2011).
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