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REVIEW

The environmental context of human evolutionary

history in Eurasia and Africa
Sarah Elton
Functional Morphology and Evolution Unit, Hull York Medical School, University of Hull, Hull, UK

Abstract

This review has three main aims: (1) to make specific predictions about the habitat of the hypothetical last common
ancestor of the chimpanzee/bonobo-human clade; (2) to outline the major trends in environments between
8-6 Ma and the late Pleistocene; and (3) to pinpoint when, and in some cases where, human ancestors evolved
to cope with the wide range of habitats they presently tolerate. Several lines of evidence indicate that arboreal
environments, particularly woodlands, were important habitats for late Miocene hominids and hominins, and
therefore possibly for the last common ancestor of the chimpanzee/bonobo-human clade. However, as there is no
clear candidate for this last common ancestor, and because the sampling of fossils and past environments is inev-
itably patchy, this prediction remains a working hypothesis at best. Nonetheless, as a primate, it is expected that
the last common ancestor was ecologically dependent on trees in some form. Understanding past environments is
important, as palaeoenvironmental reconstructions provide the context for human morphological and behavioural
evolution. Indeed, the impact of climate on the evolutionary history of our species has long been debated. Since
the mid-Miocene, the Earth has been experiencing a general cooling trend accompanied by aridification, which
intensified during the later Pliocene and Pleistocene. Numerous climatic fluctuations, as well as local, regional and
continental geography that influenced weather patterns and vegetation, created hominin environments that
were dynamic in space and time. Behavioural flexibility and cultural complexity were crucial aspects of hominin
expansion into diverse environments during the Pleistocene, but the ability to exploit varied and varying habitats
was established much earlier in human evolutionary history. The development of increasingly complex tool
technology facilitated re-expansion into tropical forests. These environments are difficult for obligate bipeds to
negotiate, but their exploitation was accomplished by archaic and/or anatomically modern humans independently
in Africa and south-east Asia. Complex social behaviour and material culture also allowed modern humans to
reach some of the most hostile regions of the globe, above the Arctic Circle, by the late Pleistocene. This, with
colonization of the Americas and Australasia, established Homo sapiens as a truly cosmopolitan species.

Key words climate change; habitats; Miocene; morphological adaptation; palaeoenvironment; Pleistocene;
Pliocene.

behaviour and evolution. For these reasons, the impact of

Introduction

Palaeoenvironmental reconstructions provide the context
for human evolution and behaviour. Creating a picture of
human evolutionary history that is as complete as possible
requires an understanding of the animals and plants
that lived alongside hominins, a knowledge of the ways
hominins exploited their environments, and investigation
of whether and how climate change shaped human
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climate and the environment on human evolution has
long been debated. Some theories have drawn attention
to how macroevolutionary processes, such as speciation
and extinction, might respond to climate change (e.g.
Vrba, 1995). Others have stressed the links between the
cooling trend that began in the Miocene, the aridification
associated with it, and hominin adaptation to open
environments, particularly with respect to the evolution of
bipedalism (e.g. Wheeler, 1991). These studies are comple-
mented by an interest in prehistoric landscape use and
hominin palaeoecology (e.g. Blumenschine & Peters,
1998).

Environments comprise living (biotic) and non-living
(abiotic) components, so palaeoenvironmental data come
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from a variety of sources, including fossilized plants,
phytoliths and pollen, faunal remains, including insects,
birds and small and large mammals, plus geochemical and
physical evidence from sediments, including fossilized
soils. These data give indications of climate, environment
and habitat structure at different scales — global, continental,
regional and local. Methods that are global or continental
in scale, such as the study of oxygen isotope ratios and
aeolian dust from deep-sea cores, give an indication of
major climate trends. Methods that are regional in scale
rely on material that has probably been transported either
during life, after death or throughout the fossilization
process, and are commonly used in palaeoanthropology to
characterize palaeoenvironments over relatively large
areas, usually tens to hundreds of square kilometres. Stud-
ies of the flora (often represented by pollen) and fauna of
aregion fall into this category, and can give useful informa-
tion about the habitats sampled in the wider area as well
as the dietary preferences of a range of organisms. Local,
site-specific methods include the study of palaeosols and
sediments at a particular fossil locality. These give infor-
mation about a restricted area and tend to be particular to
the site from which they were recovered.

The literature on Neogene climate and environments
encompasses reconstructions at all the scales mentioned
above. Thus, much of the information presented here will
necessarily be of an ‘overview’ nature, and cannot claim to
be exhaustive. It will also focus almost exclusively on the
broad environmental context of human evolution in the
Old World rather than in Australasia and the Neotropics,
as human occupation of Australasia probably only dates
back to the late Pleistocene (around 50 000 years ago)
and colonization of the Americas is even more recent. In
addition, discussion of hominin palaeoecology (the
interaction between the different actors in an ecosystem)
and use of the landscape will be kept to a minimum, in
order to focus more on morphological responses to the
environment. With these caveats in mind, this review has
three main aims. The first is to make specific predictions
about the habitat of the hypothetical last common ancestor
(LCA) of the chimpanzee/bonobo-human clade. The second
is to outline the major trends in environments between
8-6 Ma and the late Pleistocene. As humans adapt mor-
phologically as well as physiologically, behaviourally and
culturally to their environments, environmental influences
on human and primate morphology will be discussed. The
third element of this review will be to pinpoint when, and
in some cases where, human ancestors evolved to cope
with the wide range of habitats they presently tolerate.

The habitat of the last common ancestor

Modern humans, as discussed in more detail below, exploit
a large variety of environments and are globally distributed.
Modern chimpanzees and bonobos, by contrast, are

confined to parts of West, central and East Africa (below
the Sahara), and inhabit a much more restricted range of
environments. These usually comprise tropical forest (both
primary and secondary), but chimpanzees also exploit
woodland and forest fringe habitats in parts of their range
(Sponheimer et al. 2006). It is commonly inferred from
molecular data (calibrated with the fossil record) that the
LCA of the chimpanzee/bonobo-human clade existed
between 6 and 8 Ma (Steiper & Young, 2006), although
some estimates have put the split considerably later
(Patterson et al. 2006). The recent discoveries of Sahelan-
thropus tchadensis from Chad, dated to c¢. 7 Ma (Brunet
et al. 2002, 2005), the 6 Ma Orrorin tugenensis from Kenya
(Senut et al. 2001) and Ardipithecus kadabba from horizons
dated to between 5.54 and 5.77 Ma at the Middle Awash
in Ethiopia (Haile-Selassie, 2001) have shed some light on
the environments, biogeography and adaptive range of
hominids (i.e. the clade that includes the extant African
great apes and modern humans) from the terminal
Miocene. Nevertheless, the terrestrial fossil record of
Africa in the Late Miocene remains very poor (Jablonski
& Kelley, 1997), although this period is crucial for the
understanding of how environmental factors might have
influenced the early evolution of the hominin clade.

One central issue when debating the possible or probable
habitats and adaptations of the earliest hominins (the
informal term for the tribe Hominini, the clade whose
only extant representative is Homo sapiens) is whether
Sahelanthropus, Orrorin and Ardipithecus are good
candidates for the LCA. These taxa are found within the
chronological window given by molecular estimates of the
divergence of the human and chimpanzee lineages,
assuming that these estimates (and the dates of the fossils
themselves) are accurate. However, as discussed by Cobb
(this issue) and others (Wood & Richmond, 2000; Andrews
& Harrison, 2005), the identification of stem hominins is
fraught with difficulties. None of the contenders mentioned
above unequivocably demonstrates features that align
them most closely to the human clade, nor are any of the
Miocene fossil apes obviously linked to the hominin lineage.

Bipedalism is one trait — or more precisely behaviour —
that is used to define the Hominini. Some workers advocate
caution when interpreting the evidence for bipedalism in
Sahelanthropus, Orrorin and Ardipithecus (Andrews &
Harrison, 2005). Further, it is questionable whether
bipedalism can be used as a defining feature of the
Hominini, and identifying stem hominins on the basis of
bipedality might be misleading (Wood & Richmond, 2000;
Andrews & Harrison, 2005; O'Higgins & Elton, 2007). As
reviewed by Crompton (this issue), bipedalism is seen in
modern apes and there is evidence for bipedal locomotion,
possibily arboreal, in Miocene apes. It is also probable that
there was significant diversity in the modes of bipedalism
used by Plio-Pleistocene hominins (Richmond et al. 2002;
Harcourt-Smith & Aiello, 2004), thus raising the possibility
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that bipedality might have evolved independently in
various hominin lineages (Wood & Richmond, 2000;
O'Higgins & Elton, 2007). Identification of stem hominins
might be reliant, therefore, on a small number of dental
traits, particularly in the canines, which are not necessarily
truly diagnostic (Andrews & Harrison, 2005).

Even if the actual LCA cannot be pinpointed, reconstruc-
tions of the habitats and environments of Miocene taxa
can provide important contextual information, especially
if considered alongside palaeobiological data, including
locomotion and diet, from the fossils themselves (sensu
Andrews & Humphrey, 1999). It might also be possible to
draw up parameters for the likely environment of a particular
animal by examining the environments and palaeobio-
logies of closely related preceding and succeeding species.
Therefore, although it is beyond the scope of this paper to
review thoroughly the evolutionary history of Miocene
apes, their palaeoenvironments will be outlined, as will
those of the Plio-Pleistocene hominins. A parsimonious
biogeographical view would predict that as the current
evidence for early hominin evolution comes entirely from
Africa (Andrews & Harrison, 2005), and that the chimpanzee,
the closest living relative of humans, also lives exclusively
on that continent, the LCA is also likely to be found there.
However, work on other mammalian lineages, including
primates, indicates complex patterns of dispersal into as
well as out of Africa during the Miocene (Jablonski, 1998;
Begun et al. 2003; Begun, 2005; Andrews & Kelley, 2007;
Folinsbee & Brooks, 2007). Indeed, it has been suggested
that the common ancestor of apes and humans might have
moved into Africa from Eurasia in the late Miocene (Begun
et al. 2003; Begun, 2005). Thus, it might be appropriate to
consider Eurasian as well as African Miocene environments
when discussing earliest hominin origins, although as
Andrews (2007) points out, the apes currently known from
the fossil record may have been ecologically unsuited to
widespread, extra-continental dispersal.

Mid and late Miocene African catarrhines are associated
with a variety of habitats, over time as well as in different
places (Kingston et al. 1994; Andrews, 1996; Andrews &
Humphrey, 1999; Scott et al. 1999; Jacobs, 2004; Andrews
& Kelley, 2007). Early Miocene sites such as Mfwangano
Island and Songhor, sampling several catarrhine genera
including Proconsul and Rangwapithecus, probably had
environments containing evergreen, multi-canopied forest
(Andrews, 1996; Andrews & Humphrey, 1999; Andrews &
Kelley, 2007). The early Miocene catarrhines radiated
extensively into such arboreal habitats, filling frugivorous,
folivorous, above-branch and mixed arboreal/terrestrial
niches (Andrews & Humphrey, 1999). The slightly more
recent (c. 18 Ma) Hiwegi Formation on Rusinga Island, by
contrast, appears to have single-canopied, disturbed
woodland, known best from a rich floral assemblage
(Andrews & Kelley, 2007). Unfortunately, it has no directly
associated ape fossils although several taxa are known

© 2008 The Author

Environmental context of human evolutionary history, S. Elton 379

from Rusinga Island deposits of a similar age (Andrews
& Kelley, 2007).

It has been argued that there may have been less
habitat variability in the middle Miocene compared with
the early Miocene (Andrews & Humphrey, 1999), but Fort
Ternan, an important mid Miocene hominoid locality in
western Kenya, appears to have been environmentally
diverse (Scott et al. 1999; see also summary in Jacobs,
2004). Although renowned for its grass flora (Dugas &
Retallack, 1993), the Fort Ternan ape fauna are likely to
have inhabited seasonal woodland habitats (Pickford,
1987; Andrews, 1996; Andrews & Humphrey, 1999).
Kenyapithecus, identified from Fort Ternan, has thick
tooth enamel argued to be associated with frugivory in a
relatively dry, seasonal habitat (Andrews & Humphrey,
1999) and also has some terrestrial adaptations that are
consistent with this type of environment (Benefit &
McCrossin, 1995; Andrews & Humphrey, 1999; see also
Crompton et al. in this issue). Kenyapithecus has also been
identified from middle Miocene Pasalar in Turkey, recon-
structed as being single-canopied, seasonal subtropical
woodland or forest (Andrews & Kelley, 2007). Another
middle Miocene ape from Eurasia, Pierolapithecus catalauni-
cus, recovered from Barranc de Can Vila 1 in Spain and
dated to 12.5-13 Ma, shows an unusual mix of adaptations
(including a broad, shallow thorax indicative of orthogrady
and short phalanges with palmigrade traits, most often
seen in monkeys) that may suggest climbing and above-
branch quadrupedalism (Moya-Sola et al. 2004; see also
Crompton et al. this issue). The presence of flying squirrels
in the faunal assemblage (Moya-Sola et al. 2004) combined
with the skeletal evidence from Pierolapithecus itself
indicates a degree of tree cover.

The arboreal component of Eurasian ape environments
appears to persist into the late Miocene. Dryopithecus was
probably exclusively arboreal and inhabited subtropical
forest habitats (Andrews & Harrison, 2005; see also Crompton
et al. this issue). The insular Oreopithecus may have
combined arboreality with terrestrial bipedalism (Kohler &
Moya-Sola, 1997; Rook et al. 1999) but it is equally possible
that its bipedality was above-branch (Harrison, 1991; see also
Crompton et al. this issue). Its palaeoenvironment has been
variously interpreted as being seasonal warm-temperate
forest (Harrison & Rook, 1997) and bushland/woodland
(Kéhler & Moya-Sola, 2003). Other than the putative
stem hominins, apes are rare from the Late Miocene in
Africa (with their fossil records being much better in Eurasia).
One of the few known post-10 Ma species, Samburupi-
thecus kiptalami (dated to c. 9.5 Ma), lacks detailed
palaeoecological context but it has been argued to exist
in a woodland habitat in a region that also included
grassland (Tsujikawa, 2005). Another, Chororapithecus
abyssinicus (dated to 10-10.5 Ma), may have inhabited a
forested lake-margin environment, although this has yet
to be properly determined, and is complicated by the
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presence of a probably open-adapted Hipparion assemblage
at closely related localities (Suwa et al. 2007).

The palaeoenvironment of the possible hominin S.
tchadensis Toros-Menalla 266 locality in Chad has been
reconstructed from sedimentological, floral and faunal
data (Vignaud et al. 2002). There is evidence for extensive
aquatic environments, including more than ten taxa of
freshwater fish, some of which were likely to have meas-
ured over 1 min length (Vignaud et al. 2002). Liana-like
papilionoid plants show that gallery forest might have
existed, and sediments suggest sandy desert in the vicinity
(Vignaud et al. 2002). The apparently mosaic nature of the
environment (Vignaud et al. 2002) has led to comparisons
between Toros-Menalla and the modern Okavango Delta
(Brunet et al. 2005), although this and other late Miocene
hominin sites still require rigorous palaeoecological
reconstruction (Andrews & Bamford, 2008).

Interpretation of the Toros-Menalla fauna is far from
straightforward, as simple analogy with modern taxa can
conceal complexities in past habitats. It was argued that
the colobine monkeys recovered from the site represent
gallery forest (Vignaud et al. 2002) but as discussed below
the presence of colobines does not always indicate such
habitats (Elton, 2001). The hypsodont dentition of bovids
from Toros-Menalla has been interpreted as showing
proximity of open grassland (Vignaud et al. 2002). There is
a strong relationship between hypsodonty and grassland
in modern animals, but it cannot be automatically argued
that hypsodonty equates to open environments. Grass
forms part of many environments, including woodland,
and animals can be grazers without necessarily inhabiting
open areas. In the Plio-Pleistocene pig Kolpochoerus
limnetes, for example, hypsodonty increases over time
with no concomitant alteration of postcranial adaptations
to cursoriality and hence open environments (Bishop, 1999).
Thus, examining different parts of the skeleton might help
to refine reconstructions of past ecological niches.
Unfortunately, thorough ecomorphological analysis of
S. tchadensis itself is difficult due to the paucity of material
assigned to the species. Although it is best known from a
relatively complete cranium with a number of isolated
dental and gnathic fragments, the lack of postcranial
fossils restricts palaeobiological inference. Its cranial base
and position of the foramen magnum indicate that it was
orthograde (Brunet et al. 2002) but it is not possible to
determine whether it was bipedal (Andrews & Harrison,
2005) or indeed whether it exploited arboreal or terres-
trial substrates. Its molar teeth have reasonably thick
enamel but their relatively small size help to distinguish
S. tchadensis from later hominins (Andrews & Harrison,
2005). Based on the palaeobiologies of other Miocene
ape species with similar sized molars (Andrews & Harrison,
2005) it is possible that the diet of S. tchadensis
included soft fruits, which implies a degree of reliance
on trees.

Orrorin tugenensis shares a similar pattern of relatively
small molar teeth with thick enamel (Andrews & Harrison,
2005). Its forelimb shows adaptations to arboreality
whereas its hindlimb, specifically the femur, has traits
commonly associated with bipedalism (Senut et al. 2001).
Although further functional analyses and more data are
required to ascertain this (Andrews & Harrison, 2005;
Crompton et al. this issue), the adaptations of O. tugenensis
strongly suggest that it exploited arboreal environments
at least some of the time (Senut et al. 2001). Several
catarrhine species have been recovered from Tugen Hills
localities, from the mid Miocene onwards (Pickford &
Kunimatsu, 2005). Stable carbon isotope analysis has
indicated that a mix of environments, including tropical
(C,) grasses as well as C; vegetation (that could include
trees, shrubs and non-tropical grasses) were present in the
succession from c. 15.5 Ma (Kingston et al. 1994). Fossil
plants from late Miocene Tugen Hills horizons (up to
6.8 Ma, slightly less recent than the age given for
0. tugenensis) suggest dry forest and woodland, with a
fauna that indicates both open and closed habitats
(Jacobs, 2004). The palaeoenvironment of the Late Miocene
Lukeino Formation, from which specimens attributed to
O. tugenensis have been recovered, has been argued
to be open woodland, with possible forest fringes at
the margins of the lake and associated streams (Pickford &
Senut, 2001). Again, the presence of colobine monkeys
has been used to suggest a more closed, forest habitat
(Pickford & Senut, 2001). The vast majority of modern
primates are ecologically dependent on trees, for food,
shelter or both. However, they are also associated with a
wide range of habitats, today and in the past. Based on
morphological adaptations of the postcranial skeleton,
some Plio-Pleistocene monkeys, for example, do not have
the same habitat and locomotor preferences as their closest
modern relatives (Elton, 2000, 2001, 2002, 2006). Material
attributed to the primate family Galagidae was also found
in the Lukeino Formation (Pickford & Senut, 2001). This
lends support to the notion that there were arboreal
environments in the vicinity but does not necessarily
confirm the presence of forest, as although modern
galagines are confined to arboreal substrates, they are
found in a wide range of habitats, from closed-canopy
forest to bushland and thickets in savanna areas (Novak,
1999). Thus, although the evidence from primate fossils
(including those assigned to hominids and early hominins)
very probably indicates a habitat that includes trees, further
extrapolation to the type of habitat — without studying
postcranial adaptations or other independent lines of
evidence — could potentially be misleading. Furthermore,
the general caveat that the adaptations of modern animals
do not necessarily correspond to those of their extinct
relatives has been shown to be applicable to many groups
of mammals, including bovids (Kappelman, 1988; Plummer
& Bishop, 1994) and suids (Bishop, 1994, 1999).
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The importance of arboreal environments in the early
stages of the hominin radiation is reinforced by data from
the Late Miocene horizons of the Middle Awash, Ethiopia
(WoldeGabriel et al. 2001), from which the probable
hominin Ar. kadabba, dated to 5.2-5.8 Ma, was recovered
(Haile-Selassie, 2001). Geological evidence points to a
relatively wet environment during the formation of some
of the Late Miocene sediments from the Middle Awash,
with fluvial lacustrine sediments as well as the presence of
deposits which indicate that explosive volcanic eruptions
occurred when magma came into contact with surface or
subsurface water (WoldeGabriel et al. 2001). At the Asa
Koma and Digba Dora hominin sites, carbon and oxygen
stable isotope ratios suggest open woodland (where the
tree canopy was not continuous), with 20-45% grassland,
in a cool, high-altitude or humid habitat (WoldeGabriel
et al. 2001). Faunal remains may indicate closed or wet
habitats along with open woodlands (WoldeGabriel et al.
2001), although further analyses are necessary. The
younger Kuseralee Member, further east, which has yielded
only a single hominin specimen, may have had a warmer,
lower altitude or drier grassy woodland habitat (Wolde-
Gabriel et al. 2001). Ar. kadabba is argued to be a biped
but has features in its postcranium that are associated with
powerful forelimb pronation and phalangeal flexion
(see Crompton et al. this issue) and hence a degree of
arboreality.

The palaeoenvironmental reconstructions of hominin
sites and localities in the late Miocene, including Toros-
Menalla (Vignaud et al. 2002), the Lukeino Formation
(Pickford & Senut, 2001) and the Middle Awash (Wolde-
Gabriel et al. 2001), as well as many in the Pliocene and
early Pleistocene of Africa (e.g. Plummer & Bishop, 1994;
Kappelman et al. 1997; Reed, 1997; Elton, 2000; Kingston &
Harrison, 2007) indicate mosaic habitats. A mosaic habitat
(or habitat mosaic) is one in which there are a range of
different habitat types, scattered across and interspersed
within a given area. In some, if not all, cases from the past,
these could be accurate representations of regional
habitats, as a great deal of variation in habitat can be
present in a relatively small geographical area (Andrews
2006), as is seen, for example, in modern Maputaland in
southern Africa (Van Wyk, 1994) or the Okavango Delta
(Ramberg et al. 2006). However, taphonomic processes
are likely to have altered the assemblages upon which
the reconstructions are based, resulting in ‘time’- and
‘space’-averaged reconstructions that lead to a mosaic
environmental signal in the absence of a true mosaic
habitat. The possibility of time and space averaging should
always be considered when faced with palaeoenvironmental
reconstructions indicating mosaics. In these cases, statistical
techniques such as ordination and rarefaction may yield
valuable information about assemblage biases (Andrews,
2006). Modern evidence also shows that although habitats
can be highly variable in a small area, they can also vary
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over even a short period of time. At Amboseli in Kenya the
habitat altered dramatically from the early 1960s to the
late 1990s, with decreases in woodland and increases in
areas of permanent open water, both of which have had
an impact upon the structure of the mammal and bird
communities (Altmann et al. 2002). The shifts in habitat at
Amboseli may be related, among other things, to the
impact of a rising water table and damage from elephant
populations (Western & van Praet, 1973; Young & Lindsay,
1988). Past habitats were also likely to have been dynamic
in this way, but small changes may not be routinely detected
in fossil-bearing horizons that were deposited over tens of
thousands of years.

Taking taphonomic processes into consideration, sig-
nificant tree coverage, either as woodland or forest, was
likely to have been an important component of hominid
and hominin environments from the Miocene to the
Pleistocene (Andrews, 1989, 2006; Plummer & Bishop, 1994;
Reed, 1997; Fernandez-Jalvo et al. 1998; Kappelman et al.
1997; Andrews & Humphrey, 1999; Elton, 2000; Pickford &
Senut, 2001; WoldeGabriel et al. 2001; Vignaud et al. 2002;
Andrews & Harrison, 2005; Kingston & Harrison, 2007;
Andrews & Bamford, 2008). It cannot be denied that climatic
cooling, increasing aridity and the development of C,
grasslands intensified during the late Miocene (Zachos
et al. 2001; Jacobs, 2004), and provided the backdrop for
the early stages of human evolution. However, there
appears to have been no sudden switch in the late Miocene
of Africa from closed to open environments, despite
general global and continental trends. For example,
woodland and forest habitats have been identified at the
Plio-Pleistocene sites of Laetoli (Andrews, 1989, 2006;
Kovarovic et al. 2002; Kingston & Harrison, 2007; Andrews
& Bamford, 2008), Olduvai Bed | (Plummer & Bishop, 1994;
Fernandez-Jalvo et al. 1998) and Koobi Fora Upper Burgi
and KBS members (Reed, 1997; Kappelman et al. 1997;
Elton, 2000, 2006), although early Pleistocene environments
in southern Africa may have been more open (Andrews &
Humphrey, 1999; Elton, 2007). Given that woodland and
forest was a favoured habitat for many ape species before
the emergence of the Hominini (Andrews & Humphrey,
1999; Andrews & Harrison, 2005), and that arboreality
cannot be precluded from the adaptations of the putative
stem hominins Sahelanthropus, Orrorin and Ardipithecus,
it is possible to infer that the LCA exploited arboreal
environments in one form or another. This is reinforced by
Pliocene and Pleistocene reconstructions of wooded and
forest hominin habitats that suggest ongoing occupation
of arboreal environments. It is also supported by the
strong ecological relationship between primates and trees
that implies dependence on arboreal niches for the
majority of extinct and extant primates. Indeed, it is possible
to argue that, within the apes at least, this relationship
was only really broken by later species and populations of
Homo. Of course, until a LCA for the human—chimpanzee/
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bonobo clade is identified with a degree of certainty or
palaeontologists can be sure that they have sampled all
palaeoenvironments that might be associated with it, it is
impossible to test environmental predictions or to determine
whether there was a preference for woodland or forest.
Nonetheless, it is possible to use existing evidence to
formulate hypotheses which can then be challenged or
explored further when new data come to light or new
techniques developed.

Stressing the importance of wooded or forested environ-
ments in the early stages of human evolution calls into
question traditional interpretations of the relationship
between human origins and the environment (Kingston &
Harrison, 2007), including the hypothesized links between
bipedalism and open savanna landscapes. This issue, much
debated since the discovery of the well-preserved Austra-
lopithecus afarensis AL 288-1 skeleton, which shows adap-
tations to arboreality (see, for example, Stern & Susman,
1983), is discussed at length elsewhere (Crompton et al.
this issue), so will not be repeated here. However, it is
worth noting that the links between early hominin evolution
and woodland habitats were made at least two decades
ago (e.g. Andrews, 1989). The conclusions drawn in this
paper are not novel, therefore, but rather reinforce the
growing appreciation of the importance of varied and
arboreal environments in human evolutionary history.

Another common assumption, that early hominins
became open habitat specialists whilst panins remained in
forested habitats, is also muddied by the likelihood that
late Miocene hominids as well as hominins exploited
woodland habitats. The fossil record of the modern
chimpanzee, Pan, is extremely sparse, with the species
currently known only from dental material recovered from
the Middle Pleistocene Kapthurin Formation in Kenya
(McBrearty & Jablonski, 2005). The palaeoenvironment of
this area, which has also yielded archaic Homo fossils (that
may have been sympatric with Pan), is reconstructed as
being locally wooded near a lake (McBrearty & Jablonski,
2005). This suggests that chimpanzees, prehistorically and
historically, may have inhabited a range of habitats
alongside modern humans (McBrearty & Jablonski, 2005),
and that only relatively recent modern human population
pressure has forced chimpanzees into a more restricted
range of largely forested habitats.

Major trends in Old World environments
between 6-8 Ma and the late Pleistocene

Two main, but not exclusive, forces interacted to alter
hominin environments in the late Miocene, Pliocene and
Pleistocene. One was hominin dispersal, first through
Africa, and then out of the tropics into temperate and
eventually Arctic zones. The other was global climate
change. Since the mid-Miocene climatic optimum, some 16
million years ago, the Earth has been experiencing a

general cooling trend (Zachos et al. 2001). This was not a
steady progression, as O'® ratios from deep-sea cores give
evidence for periodic warming, with marked temperature
increases occurring in the late Miocene (7-9 Ma) and early
Pliocene (Kennett, 1995; Zachos et al. 2001). Cooling
intensified during the later Pliocene and Pleistocene.
Important climatic transition events have been noted at
¢. 2.5 Ma, when there was the initial build up of ice sheets
(Marlow et al. 2000), at the Pliocene-Pleistocene boundary
(c. 1.8 Ma), and at c. 1.0-0.8 Ma, linked to the intensification
of global ice volumes, the formation of much larger ice
sheets, and a shift from 41-kyr to 100-kyr cycles in climate
variability (DeMenocal, 2004), although this shift may
have occurred earlier, at c. 1.5 Ma (Rutherford & D'Hondlt,
2000). The 1 Ma event heralded the start of the rapid
Middle to Late Pleistocene glacial-interglacial fluctuations
that were likely to have had profound effects on hominin
evolution and biogeography, especially in temperate
regions.

With climatic cooling comes aridification and con-
comitant changes in vegetative structure. Since the Miocene,
one of the most important trends in vegetation has been
the development of extensive C, ecosystems. Grass pollen
is evident in the Palaeocene fossil record (64 Ma), and
tropical grassland ecosystems began to expand in Africa
during the mid Miocene, with significant grass cover
emerging after 8 Ma (Dugas & Retallack, 1993; Kingston
et al. 1994; Jacobs, 2004). Palaeosol data show that tropical
grasses became increasingly common in African hominin
habitats after 1.7 Ma (Sikes, 1999), and after the mid-
Pleistocene transition there was an appreciable shift from
closed, C; pathway vegetation towards more open, C,
pathway grasses (Cerling & Hay, 1988). Also around 0.95 Ma,
aeolian dust records demonstrate an increase in dust
production, suggesting the beginning of the modern
extent of the Sahara (Larrasoafa et al. 2003).

The trend towards open environments also occurred
in Eurasia. In the Pliocene warm period, c. 3 Ma, higher
latitudes experienced the greatest relative warming
(Dowsett et al. 1999). The presence of Asian warm temperate
tree species as far north as Reuver in Holland (Zagwijn,
1998) and arboreal vegetation in Iceland (Denton, 1999)
indicates that Europe was more densely forested than it is
today. Forests began to fragment at 2.5 Ma (Agusti &
Anton, 2002), and Italian fossil sites show a slow transition
from warm-humid forest animals to temperate grass and
woodland faunas that began at c. 2.6 Ma (Sardella et al.
1998). Although the trend noted by Sardella et al. (1998)
appears unrelated to global climatic fluctuations, the onset
of the more extreme climatic fluctuations of the later
Pleistocene brought considerable changes to European
environments, with ice sheet incursion and contraction
episodically shifting the major vegetational biomes,
including those such as tundra and boreal forest that were
difficult for archaic hominins to exploit. One response to
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this, discussed further below, was to retreat into milder,
temperate habitats during glacials, with populations
re-expanding out of these refugia during interglacials
(Finlayson, 2004).

Global trends towards drier conditions are evident in
Australasian-Asian vegetation (Hope et al. 2004). On the
basis of palaeosol evidence from the Siwaliks, the tropical
grasslands that are today characteristic of the Indo-
Gangetic region of South Asia became established in the
late Miocene (Quade & Cerling, 1995). In northern China,
micromammal assemblages suggest that prior to 2.5 Ma,
grasslands with broadleaved and conifer forests were
present, which were then replaced after the transition by
open grasslands that persisted well into the Pleistocene
(Jin et al. 1999). In central and eastern Asia, the transitional
cooling event at 2.5 Ma is also seen as the beginning of
the loess accumulations, which indicate aridity (Dodonov
& Baiguzina, 1995), and the development of widespread
grasslands in these regions (Yang & Ding, 2006). Although
habitats responded in a cyclical manner to climatic fluc-
tuations, shifts in the precipitation regime linked to the
larger glacial cycles led to increasing proportions of C,
grasses in Asia after c. 0.85 Ma (Yang & Ding, 2006).
Changes to the intensity of the annual monsoon plus other
frequent events like El Niflo probably had a major impact
on Asian vegetation (Quade & Cerling, 1995; Hope et al.
2004), as did glacial-interglacial cycles (Hope et al. 2004).
During the last glacial maximum (LGM), pollen records
show that grasslands encroached on some tropical lowland
forests in Thailand and Sulawesi but the main tropical
forest belt remained relatively unchanged (Hope et al.
2004). At higher latitudes and altitudes, vegetation
responded as might be predicted, with a lowered treeline
and southwards movement of steppe, grassland, temperate
forest and woodland (Hope et al. 2004).

The relative importance of grassy and forest habitats in
human evolution is discussed elsewhere in this review, but
it is important to note that a dichotomy between closed
and open habitats at any one point in human evolutionary
history was unlikely. Wooded or even forested environ-
ments are likely to have been significant during at least
the earliest stages of human evolution (Andrews, 1989;
Fernandez-Jalvo et al. 1998; Andrews & Harrison, 2005;
Kingston & Harrison, 2007; Andrews & Bamford, 2008),
and mosaic habitats are reconstructed for many Pliocene
and Pleistocene sites in Africa, although C, ecosystems
dominate some key Pleistocene palaeontological and
archaeological sites such as Kanjera and Olorgesailie
(Plummer et al. 1999; Sikes et al. 1999). Even though
taphonomic factors such as time averaging might well
have affected palaeoenvironmental reconstructions for
some sites, fossil lake levels periodically record increasing
moisture in East Africa during the Plio-Pleistocene (Trauth
et al. 2005). This demonstrates that although there was a
general trend towards cooler and drier environments, it
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was not an uninterrupted progression. Throughout the
Pleistocene, Eurasian hominins also exploited numerous
and variable habitats (Zhu et al. 2001; Barker et al. 2007),
with cyclical environmental change being highly probable
(Dodonov & Baiguzina, 1995).

Notwithstanding their general importance, global
climatic patterns caused by orbital forcing are not the only
agents of environmental change, and it has been pointed
out that the East Africa palaeosol record, which gives a
good indication of highly localized conditions, does not
necessarily reflect major global events such as the 2.5 Ma
transition (Sikes, 1999). It has also been argued that global
climatic change did not have a significant impact within
Equatorial Africa (O'Brien & Peters, 1999), although recent
evidence from the Baringo Basin implicates orbital forcing
in late Pliocene environmental change (Kingston et al.
2007). Nonetheless, at continental, regional and local
levels, a range of factors, including topography, orography
(the average height of land) and sea surface temperatures
also act on weather patterns, ecosystems, vegetation and
animal communities. Tectonic activity, which influences
topography and orography, can therefore have a pro-
found effect on environments. The Messinian Event, which
caused desiccation of the Mediterranean at 5.96-5.33 Ma,
may have been the result of crustal uplift (Duggen et al.
2003), although it is far from certain whether it had any
widespread effect on African environments (Partridge
et al. 1995a). The uplift of the Tibetan Plateau, by contrast,
which accelerated in the Miocene, may have caused an
intensification of the Indian Ocean monsoon (Molnar
et al. 1993), significantly influencing vegetative environ-
ments in Asia (Hope et al. 2004). Much of what is known
about the earliest period of human evolution comes
from the East African rift valley, a region that was highly
tectonically active during the Pliocene and Pleistocene.
Such activity, as well as potentially prompting vicariance
events, probably contributed significantly to the develop-
ment of hominin environments in East Africa (Partridge
et al. 1995b). At a more localized level, vegetation patterns
and hence spatial distributions of habitat would have
been shaped partly by soils and geology (Andrews &
Bamford, 2008).

It is becoming increasingly clear from palaeoenvironmental
reconstructions and hominin biogeography that even
early hominins could exploit numerous habitats. The types
of habitats associated with late Miocene to early Pleistocene
hominins in Africa range from forest or woodland (e.g. at
the Middle Awash: WoldeGabriel et al. 2001) to more
open environments, such as those found at Swartkrans in
southern Africa (Andrews & Humphrey, 1999; Elton, 2001,
2007). Dispersal within the continent, although presumably
driven in part by habitat corridors, potentially exposed
early hominins to a range of previously unknown ecosystems.
With the onset of extra-African dispersal, the opportunities
for a behaviourally flexible, intelligent, large-bodied
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primate would have widened further. The development
and refinement of material culture expanded the ‘niches’
that were available, resulting in the eventual colonization
by late Pleistocene humans of the most challenging
environments, including Arctic areas and dense tropical
rainforest. Thus, attempting to pinpoint a typical hominin
habitat or even a general pattern of hominin habitat use
over time might be, at best, misleading. In addition,
changes in habitat preferences or shifts in the way they
are exploited do not necessarily imply the presence of a
strong external climatic pressure — Miocene apes, for
example, may have diversified into a number of different
environments well before significant Miocene forest
shrinkage (Andrews & Humphrey, 1999). Nonetheless, there
was significant climate change from the late Miocene to
the Pleistocene, leading to a general Old World trend
towards more open habitats. Hominin species such as
Paranthropus boisei and Homo erectus, which endured in
the fossil record for upwards of one million years, as well
as high-latitude later hominins such as H. neanderthalensis
that were subject to rapid climatic fluctuations, would
have needed to respond to environmental changes
behaviourally, culturally and even physiologically and
morphologically in order to survive.

Environmental influences on human and
primate morphology

The impact of geography and the environment on mor-
phological variation in animals has long been recognized.
Two of the best known associations — that animals living at
lower temperatures tend to have larger body sizes overall
but with smaller appendages such as limbs or tails — are
described by Bergmann’s and Allen’s rules (Cox & Moore,
2000). These rules have not been extensively tested
amongst primates, and studies to date show mixed results.
Temperature-related size gradients have been identified
in the skulls of Brazilian tufted-eared marmosets (Albrecht,
1982) and pig-tailed and crab-eating macaques in south-
east Asia (Albrecht, 1980; Fooden & Albrecht, 1993), as
well as in the maxillary sinus volumes of Japanese
macaques (Rae et al. 2003). A strict Bergmannian relation-
ship is not always evident, however. At latitudes between
8°S and 13°N, skull length in the crab-eating macaque
increases with latitude and decreasing temperature on
both sides of the Equator, but above 13°N, skull length
decreases (Fooden & Albrecht, 1993). When parts of the
body other than the skull are considered, patterns remain
indistinct, with tail-length in the rhesus macaque follow-
ing Allen’s Rule above 26°N, but not further south (Fooden
& Albrecht, 1999). In living Kenyan vervets from four sites
at different latitudes and elevations, clines in tail length and
female body mass are detected, but other morphological
traits, including male body mass, male and female body
length, lower and upper leg lengths, and lower and upper

arm lengths, do not follow the pattern predicted by eco-
geographicrules (Turner et al. 1997). In a separate study of
skull sizes of vervets from across Africa, no strong support
was found for Bergmann'’s rule (Cardini et al. 2007).

Interestingly, the body sizes and shapes of modern
humans and their closest relatives show relatively strong
relationships with latitude (Ruff, 1994, 2002; Holliday,
1999). Bergmann's rule applies to modern humans with
respect to mean body mass (Ruff, 2002), and the positive
relationship between temperature and brachial and crural
indices indicates that limb proportions in modern humans
conform to Allen’s rule (Holliday, 1999). Neanderthals and
some other high-latitude archaic Homo specimens also
have the type of body proportions (i.e. relatively shorter
distal limb lengths and larger bi-iliac breadths) that would
be predicted from ecogeographic rules (Trinkaus, 1981;
Ruff, 1994, 2002). These features appear, at least in part,
to have resulted from climatic influences (Ruff, 1994, 2002;
Holliday, 1999). This is reinforced by research indicating
that limb bone robusticity in humans might be more influ-
enced by temperature than by habitual activity (Pearson,
2000), although others have argued strongly that behaviour
affects the skeleton more than does climate (Finlayson,
2004). The relationship between temperature and postcranial
morphology might have been established relatively early
in hominin evolutionary history: the KNM-WT 15000
H. erectus specimen has been interpreted as having tropical
body proportions (Ruff & Walker, 1993). However, it has
been argued that this specimen shows signs of skeletal
pathology and caution must be exercised when extra-
polating from it to other members of the species (Ohman
et al. 2003).

Facial shape in modern humans has also been linked
to mean temperature, but despite a general association
with latitude that indicates some clinal variation, sig-
nificant effects are only apparent with the inclusion of
high-latitude Arctic individuals (Harvati & Weaver, 2006).
Taking postcranial and cranial data together, temperature
probably helped to determine body size, form and propor-
tions in hominin taxa with highly extensive (almost
cosmopolitan) geographical ranges, such as modern and
archaic Homo. However, it must also be remembered that
some ‘cold-adapted’ hominins, including Neanderthals,
were probably only exposed to extreme temperatures for
part of their tenure, so their morphology might not be a
straightforward response to cold climates (Finlayson,
2004). Recent reviews of research into ecogeographic
variation across a wider range of animal taxa suggest that
although temperature can have an influential role in
determining body size — a common interpretation of
Bergmann'’s rule — other climatic variables, such as rainfall
and moisture, are often better correlates (Ashton et al.
2000; Millien et al. 2006). There is thus mounting evidence
that traditional interpretations of the mechanisms behind
ecogeographic rules are an oversimplification of a complex
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set of environmental and spatial interactions (Ashton
et al. 2000; Millien et al. 2006). In Plio-Pleistocene hominin
taxa from Africa, with ranges that did not extend into
high-latitude zones, it is therefore possible that environ-
mental variables other than temperature impacted upon
morphology.

Mean body size in Malagasy sifakas is positively cor-
related with annual rainfall and negatively correlated
with seasonality, with body size differences attributed to
variations in habitat productivity and resource seasonality
(Lehman et al. 2005). In Papio baboons, a group of African
primates with an extensive geographical range, rainfall is
highly correlated with body size (Popp, 1983; Dunbar,
1990; Barrett & Henzi, 1997). Correlations between annual
rainfall and skull size and shape are also observed in vervet
monkeys, another group of widely dispersed primates from
Africa, although altitude and temperature did not contribute
significantly (Cardini et al. 2007). However, the same study
noted significant longitudinal variation in skull morphology,
indicating that both spatial and environmental factors
interact to influence size and shape (Cardini et al. 2007).
Nonetheless, in modern African prima