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To what extent (if any) climate shaped the evolutionary history of
our own genus and affected early hominin behaviour and dispersal?

Searching for an answer to a hotly debated question
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FIRST PARAGRAPH: It is widely accepted that our own Homo genus originated sometime around the
Pliocene/Pleistocene boundary in Africa. Homo remains are first reported at about 2.34 Ma [1], but archaeological
evidence at Gona, in Ethiopia, may indicate an earlier appearance of this taxon from around 2.6 Ma [2]. Although
scholars disagree as to the ancestor of the human clade, it could rationally be expected that, as a primate, this ancestor
was in some way ecologically dependent on arboreal environments, particularly woodlands. Thereby, it has long been
assumed that human evolution was primarily linked to a general cooling trend accompanied by increasing aridity and
seasonality, which the Earth’s climate system experienced around the Middle Miocene, intensifying during the later
Pliocene and Pleistocene [3]. For instance, Vrba [4], analysing biotic changes and hominid evolutionary events in
Africa during this time, suggested a number of hypotheses and predictions that link the climatic changes towards
cooler, more arid and open environments, to the main events in hominid evolution, including the “massive
geographical expansion of “Homo erectus”. Moreover, climate changes are thought to have exerted selective
pressures, favouring large brains and cultural evolution [5-7], and, according to the “Variability Selection Hypothesis’,
significant aspects of hominin evolution (bipedality, brain expansion, stone tool production as well as migration and
dispersal) would have been promoted by amplified long-term climate fluctuations [8-10].
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found at much lower elevations[11].
Researchers have also been focusing on short
timescale ecosystem fluctuations, driven by
astronomically-forced global climate changes,

A glance at Africa

Most recently, environmental factors
which may have triggered evolutionary
transitions in African hominids, have been

widely explored, roughly supporting, at least as
regards East Africa, an average scenario
characterised by significant vegetation change
at about 2.5 Ma, when, coinciding with global
climate change, arid grasslands expanded into
the lowlands while highland vegetation was
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as well as on local to continental geographical
factors that might have affected vegetation
cover differently. The resulting complex
pattern of habitat heterogeneity might have
represented a highly dynamic environmental
context in space and time for early hominin
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evolution [12-16]. Evidence from isotope
analyses of pedogenic carbonates and tooth
enamel of ungulates, confirms the presence in
East Africa, during the Early Pleistocene, of
grassland-dominated ecosystems and suggests
that by 2.0 Ma, early Homo was able to extract
resources from a broad spectrum of habitats
ranging from open grassland to riparian forest
[17].

From Africa towards Eurasia: who,
when, where, and why?

Although our knowledge of the
environmental context in which African
hominins originated and evolved have

dramatically increased during the last couple of
decades, the actual role played by climate in
driving/triggering the time and mode of
hominin dispersals from Africa towards
Eurasia and how it may have coincided with
very few other African mammals, as would be
expected following a “migratory wave
scenario”[18-19], is still a matter of debate.
The role of climate change in promoting
faunal evolution and functional turnovers is,
indeed, a hot topic in palaeobiology and
palacoecology. The challenge is to ascertain
the impact of environmental factors on
dispersals of small and large mammals,
including hominins. Over time, ecologists and
evolutionists have been widely divided as to
whether  progressive  changes in  the
composition of mammal faunal complexes
(fluctuations in biodiversity, biomass, and
ecological structure of palaecocommunities)
might be interpreted as a mere response to
climate change [20-24] or as the result of
intrinsic biotic factors that exert an important
control on faunal renewal[25-27]. Actually, the
cause- and effect-relationship between climatic
oscillations and faunal changes may be the
cumulative result of the responses of individual
species, which could have affected the internal
dynamics of communities. Moreover, climate
change may have removed keystone species,
causing changes in interactions among species
and causing ecosystems to reconstruct [28].
Thus, climate (e.g changes in the Earth’s
climate system at about 2.6 and 1.0 Ma) appear
to be a critical factor in triggering faunal
renewals, but, intrinsic biological factors
(competition/coevolution) could have
influenced the timing and the extent of the
subsequent structural rebuilding of faunal
complexes (which did not necessarily reflect a
strict dependence on astronomically forced
climate shifts) and may also have been
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essential
evolution.

At middle latitudes, mammals generally
reacted to climate changes not by simply
evolving and producing new species or
becoming extinct, but also by varying their
ranges, in agreement with changes in the
vegetation cover and latitudinal displacement
of biomes, leading to discrete dispersal
bioevents as a response by individual species to
environmental disturbances[29]. All in all,
climate change, via migrations and dispersal
events, caused diversity to increase but altered
palaeocommunity equilibria, leading to new
intra- and inter-guild dynamics and progressive
shifts in the taxonomical composition and
ecological structure of the faunal complexes.
Accordingly, internal dynamics and changes in
competitive relationships may have played an
important role in the evolution of mammalian
communities [29,30].

But what was the impact of climate on
hominin dispersals and their successful
settlement in Eurasia, particularly in the
Western Mediterranean, during the Pleistocene?
What were the causes that promoted such
dispersals? Did hominin dispersals coincide
with those of other mammalian taxa?

Although recently, interest in the debate
has increased and a number of different
patterns have continuously been proposed to
explain the time and mode of the “out of
Africa” dispersal/s [31-35], several points as
regards “who, when, where, why, and how”
need to be clarified before confidently
answering the question as to whether
Pleistocene climate and environmental changes
played a special role in triggering movements
between and across Africa and Eurasia.

New data, on the one hand, enable us to
answer the question as to “who” was the
earliest hominin to move from Africa to
Eurasia and which dispersal routes they might
have followed. On the other hand, it forces us
to question models previously proposed,
explaining the reasons why early Homo
dispersed to and settled in Eurasia (e.g. the
migratory wave scenario, the brain expansion
scenario, and the common African home
scenario, and the cultural exclusion scenario)
[36].

As regards the species responsible for the
first diffusion out-of-Africa, an increasing
amount of data point out that these hominins
were closer to the Homo habilis than to Homo
ergaster. Indeed, the archaic cranial and
postcranial features of the earliest known
hominin remains, found outside Africa at the

in determining faunal complex
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Dmanisi site in Georgia [37], suggest that these
hominins were not derived, encephalised,
large-bodied, technologically advanced
humans with locomotive adaptations to life on
the savannah, but were more archaic hominins,
perhaps still adapted to life in a woodland
landscapes [38-39]. The anatomical features of
Dmanissi hominins apparently contrast with
the palaesonvironmental context, as inferred by
small mammal association found at the site
[36], and by palaeobotanical data [40], which
depicts an environment dominated by warm
steppe, in a context of general aridity.
Accordingly, and taking into account that the
stratigraphically lowest and highest
occurrences of the remains of a species
(stratigraphical datum), within a given
geographical area, do not necessarily
correspond to its actual first/last appearances
(palaeobiological events) in time [41], the first
appearance of a representative of our own
genus out of Africa would have predated the
lowest occurrences of its fossil remains at
Dmanissi.

Following Agusti and Lordkipanidze [42],
the expansion of hominins from East Africa to
the southern Caucasus (maybe following a
corridor of river systems which seems to have
connected  Central  Africa  with  the
Mediterranean since the Late Neogene [43-44])
would have occurred during any of the
interglacial periods in the interval between 2.4
Ma and 1.9 Ma, when pollen data indicate that
woodlands extended across the Levant, the
Levantine corridor being among the most
plausible route for hominin dispersal out of
Africa.

Several lines of reasoning, indeed, stress
the suitability of coastal environments for “out
of Africa” dispersal. Moving along coastlines,
hominins could have found relatively abundant
nutritional resources [45-46], as well as proper
places for at least temporary settlements [47].
Conversely, a dispersal route crossing the south
Red Sea at Bab el-Mandeb Straits [48-50] and
then crossing the inland regions of the Arabian
Peninsula, though practicable during temperate
or interglacial stages, seems not to have been
easy due to the presence of ecological and
physiographical barriers such as deserts,
mountain ranges, and large rivers [45,51].
Moreover, these routes would have implied
some ability to cross water [52]. Finally, there
is no convincing evidence to support the
hypothesis of a dispersal route across the
Straits of Gibraltar, neither for hominins nor
for mammals [53].
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Assuming the Levantine corridor route
was the most suitable for the dispersal of early
honinins towards Eurasia, new questions arise:
how many hominin species negotiated such a
territory in the Early Pleistocene and how
many times did they do it? Did hominins move
in multi-species dispersal waves together with
the few African mammal species that entered
Eurasia?

As regards the dispersal of the first
archaic Homo, no compelling evidence exists
that these hominins moved in concert towards
Eurasia with other African mammals. Indeed,
the significance of the dispersal of African
bovids into Asia at about 2.5 Ma has to be
reconsidered [54]and, most importantly, the
local faunal assemblages (LFA) of Dmanissi
do not seem to support a “migratory wave
hypothesis”. The LFA shows marked European
affinities and no taxa, among those claimed to
have dispersed, roughly coincidentally, into
Eurasia around the transition from Gelasian to
‘Calabrian’ (from the first to the second part of
the Early Pleistocene as recently redefined,
[18,36,55]) have confidently been recorded.

The less advanced hominins of the H.
ergaster-H. erectus group [H. ergaster mostly
refers to African remains,[56]while H. erectus
refers to Far Eastern Asia][57-58] first
appeared in Eurasia at the beginning of the
‘Calabrian’. Due to doubts about the actual
taxonomical status of Chinese hominin remains
from Yuanmou [59], the earliest sound
evidence for H. erectus in Asia comes from
deposits at the top of the Sangiran Formation in
Java, dated at about 1.6 Ma. However,
ancestors of Java hominins might have been
present in Asia earlier, as they possibly entered
Java during the marked sea lowering between
about 1.8 and 1.74 Ma [60], even if the
“Stepping Out model” supports a migration
around 1.5 [61]. During the drier periods
recorded in the Early ‘Calabrian’, the Java
environment, with its heterogeneous vegetation,
may have supported a diversified fauna, and
provided suitable conditions for both fauna and
hominin [60]. But, again, the uncertainty as to
the actual age of the hominin dispersal makes it
difficult to ascertain whether other species
dispersed from Africa at the same time,
although at least Pachicrocuta brevirostris is
recorded in Asia around 1.7 Ma.

The arrival in Asia of the ancestor of
Java’s hominins looks slightly older than the
earliest evidence from Southwestern Asia,
where human remains, tentatively attributed to
H. ergaster or H. erectus have been reported
from the ’Ubeidiya site (Israel) [62]. Some
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cranial fragments and teeth have been retrieved
as surface finds, while an incisor was found in
stratum 1-26a of the ‘Ubeidiya Formation,

whose fossil-bearing strata has been dated to ca.

1.6 -1.2 Ma [63]. Although the ‘Ubeidiya LFA
shows clear European affinities, it counts a
number of indisputably African taxa, such as
Cercopithecidae (cf. Theropithecus), Crocuta
crocuta, Megantereon whitei, Kolpochoerus
olduvaiensis, Hippopotamus and “Pelorovis™
oldwayensis that suggest that some other
mammals could have been involved in the
hominin dispersal towards Southwestern Asia.
Nevertheless, Bar-Yosef and Belmaker [63],
reviewing vegetation and faunal data from key
Early and Middle Pleistocene sites of
southwestern Asia, stated that, the “incomplete
chrono-stratigraphy of this vast region does not
allow us to accept the direct chronological
correlation between the available sites and the
events of faunal and hominin dispersals from
Africa”. The same authors proposed that “there
is no correlation between hominins and faunal
dispersals” and suggested that “early Homo
dispersals were not directly controlled by
climatic forcing”.

The Western Mediterranean scenario

The oldest hominin record in Western
Europe is the mandible from the Sima del
Elefante (Atapuerca, Spain) dated to about 1.2
Ma [64], but nowadays, there is general
consensus in assuming that humans dispersed
towards Western Europe during the Early
‘Calabrian’, as demonstrated by archaeological
evidence in Spain and possibly in southern
France and Italy[65-67].

The first dispersal of some hominin
groups towards and across the Mediterranean
region, was likely part of a progressive faunal
renewal which started during the latest
Gelasian and developed by scattered bioevents
during the *Calabrian’, also involving some
large mammals of African origin. This hominin
dispersal possibly occurred during a time of
environmental instability, when more flexible,
opportunistic and omnivorous ‘‘predators’’,
such as hominins would have had more
opportunities to exploit a broader spectrum of
resources than the more specialized species
[29]. An important role in the successful
human dispersal, was probably played by
functional changes which, at the time,
characterized the Western Mediterranean
palaecocommunities, such as the increasing
availability of prey and the abundance of open
environment dwellers. But, the presence of
large carnivores probably would have reduced
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the success of the very first, pioneer colonizers
of Europe [29].
A few remarks and a research agenda

The increase in environmental variability
and periods of changing habitat mosaics
undoubtedly could have been among the
factors shaping hominin evolutionary patterns,
including behavioural flexibility and cultural
complexity [68]. The idea that increasing
environmental variability, rather than grassland
expansion in increasingly arid conditions,
might have promoted new survival strategies is
supported, for instance, by data on faunal
renewal and hominin and lithic artifact
appearances in the Turkana Basin [69], as well
as by studies on short-term environmental
responses to climate variation, locally
amplified by high-amplitude tectonic processes
such as the development of the Cenozoic East
African Rift System [70-71]. On the other hand,
a rapid increase in savannah grassland between
1.78 and 1.69 Ma might be consistent with an
“adaptive link between the appearance of
African Homo erectus and the increasingly
savannah-dominated  environment”  [72].
Possibly, grassland expansion had some role in
augmenting the complexity and heterogeneity
in the variety of environments the early
hominins faced [69].

On the other hand, following the “The Out
of Africa Technological Hypothesis”, the role
played in the hominin’s ability to exploit a
range of varying habitats through their peculiar
adaptive strategies, behavioural flexibility,
cultural complexity and technology cannot be
underestimated [15,33,73] .

All in all, as knowledge increases, it has
become evident that, although global climatic
fluctuations had some effect on the hominin
evolutionary process, it was not only climate
which shaped the evolutionary history of our
own genus and affected hominin behaviour and
dispersal. Hitherto available data and several
lines of reasoning suggest that some complex,
and not always direct, relationships existed
between environmental changes and human
dispersal and setting. Humans were a generalist
species, having broad niches, and were able to
negotiate and survive in a variety of
environments, beyond their subtropical and
tropical African homeland. Early Pleistocene
alternating climatic stimuli seem to have only
indirectly affected their evolution by promoting
changes in the structure of ungulate
communities, and, in turn, in the carnivore
guild. Moreover, an increasing amount of
evidence suggests that hominin movements
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cannot always be placed in the context of the
wider mammalian fauna dispersals, because the
more LFAs are found the more it becomes
evident that species did not generally move in
multi-species  dispersal waves, enlarging
individually, displacing or contracting their
range as the environmental conditions were
suitable/unsuitable for them.

To conclude, although during the last
couple of decades, important insights have
revealed the dynamic nature of climate and the
complex responses of species, populations and
communities to climate stimuli, and although
the hominin fossil record has notably increased
and our knowledge of the human dispersals out
of Africa has been refined, the chronology and
causes behind the original diffusion of
hominins “out of Africa” and other more
hypothetical dispersals toward and/or within
Eurasia is still one of the hottest topics in
palaeoanthropology, albeit it remains rather
obscure in many respects. Despite the growing
amount of data, we are still far from an
exhaustive scenario depicting the multifaceted
relationships between fauna, vegetation, and
humans during the latest Cenozoic.

With the challenging goal of investigating
the reliability of hypotheses on the
relationships between human dispersal and
ecosystem dynamics and constraints, we have
to confront, through a more integrated
approach, a more comprehensive
understanding of their underlying, causal
forces and their complex interplay. The
reconstruction of the evolution of past
paleoenvironments and of the action of single
biotic and non-biotic factors on the
surroundings and on the structure of land
paleocommunities, is a challenging study
which requires the cultural and methodological
support of disciplines of apparently remote,
specialized sectors, such as geochemistry,
sedimentology, paleontology, paleoecology,
palaeonthropology, palinology and
paleobiology. It requires the examination of a
large number of variables, as well as of the
mutual interchange of results between the
various collaborating disciplines as well as the
cross-checking of reciprocal inferences. But,
since all hypotheses about the environmental
effects on evolution depend on temporal
correlation, the central challenges are: to finely
resolve the chronological framework, to
understand the nature of diachroneity among
bioevents across geographical and ecological
boundaries, to be able to make correlations
between distant sequences, as well as to
remove the sometimes confusing taxonomical
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treatments of some species, to improve our
understanding of the ecological settings where
hominins  evolved  through  advanced
palaeoecological approaches, including both
classic ecomorphological analysis and new
biological and chemical techniques, and to
provide high-resolution and integration of
discontinuous climatic data, developing a large,
multidisciplinary database.

We are optimistic that a broad debate
devoted to discussing climate and ecosystem
dynamics in the context of human evolution,
behaviour and dispersals could stimulate new
and more integrated research on these
fundamental and fascinating issues.
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