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Abstract During the second half of the twentieth century,
the evidence that Africa was central to hominin evolution
became overwhelming. The earliest occurrences of most of
the fossil hominin taxa and lithic technologies are to be
found in Africa, and there is also strong evidence that
humans are closely related to African apes, and that the
genetic origins of modern humans lie in Africa. The aim of
this article is to consider the possible evolutionary and eco-
logical basis for this — why should Africa be so central?
After considering biases in the record that might promote
an African record, this article uses evolutionary geography
– the spatial and distributional properties of the evolutionary
process— to consider the factors that lead to higher rates of
speciation, novelty and dispersals, as well as the way in
which the African ecological context is structured and
changes through time. Critical factors identified are the vari-
able role of the Sahara, the different extent of the Afrotropi-
cal realm as climate changes, the impact of basin structure,
and the effect of variable topography and surface water dis-
tribution. The key factor is biogeographic regionalisation
and the shared evolutionary histories that reflect this. It is
proposed that hominin evolution is globally part of the Afro-
tropical realm and its history, and that biogeographical vari-
ation within Africa is a key to understand the diverse nature
of African hominins and their potential to disperse beyond
the continent. More broadly, this article shows the impor-
tance of placing hominin evolution into a comparative and
theoretical framework, particularly evolutionary geography,
and proposes a more general basis for the Afrotropical
Model of Hominin Evolution.
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Résumé Au cours de la seconde moitié du XX
e siècle, le fait

que l’Afrique occupait une place centrale pour la question de
l’évolution humaine est devenu une hypothèse soutenue par
des témoignages de plus en plus incontournables. Les plus
anciennes occurrences de la plupart des taxons d’hominines
et des technologies lithiques se trouvent en Afrique. En plus,
il existe des preuves très solides du fait que les plus proches
parents des humains sont les grands singes africains et que
les origines génétiques des humains actuels sont africaines.
L’objectif de cet article est d’en considérer les fondements
évolutionnaires et écologiques — pourquoi l’Afrique
occupe-t-elle une place si centrale ? Après avoir pris en
compte les biais fossiles qui peuvent déformer les enregistre-
ments en faveur de l’Afrique, cet article s’appuie sur la géo-
graphie évolutionnaire— les propriétés de localisation et de
distribution des processus évolutionnaires— pour appréhen-
der les facteurs à l’origine des taux supérieurs de spéciation,
de nouveauté et de dispersion, ainsi que la façon dont le
contexte écologique africain est structuré et varie au cours
du temps. Les facteurs critiques qui ont pu être identifiés
sont le rôle variable du Sahara, les différentes extensions
du royaume afro-tropical en fonction des changements cli-
matiques, l’impact de la structure en bassin, et l’effet de la
grande variabilité de la topographie aussi bien que de la dis-
tribution en eau. Le facteur clé est la régionalisation biogéo-
graphique et les histoires évolutionnaires partagées que cela
reflète. Il est ici proposé que l’évolution des hominines s’in-
scrit globalement dans le royaume afro-tropical et son his-
toire, et que la variabilité biogéographique à l’échelle de
l’Afrique est un facteur clé pour comprendre la diversité
des hominines et leur potentiel pour se disperser à terme
au-delà du continent africain. Plus généralement, cet article
montre l’importance de placer l’évolution des hominines
dans un cadre théorique et comparatif, notamment dans
une perspective de géographie évolutionnaire, et propose
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des fondements plus généraux en faveur du Modèle Afro-
tropical de l’évolution des Hominines.

Mots clés Evolution humaine · Géographie évolutionnaire ·
Biogéographie · Écologie africaine

Introduction: the Afrotropical Model
of hominin evolution

When Raymond Dart described the first fossil hominin
in 1924 at Taung [1], few would have predicted that by the
end of the last century Africa would have moved from a
peripheral to a central role in human evolution. Both theory
and data seemed to point Eurasia as a more probable place of
origins [2]. Ironically, Darwin’s prediction that Africa would
be the place of human origins had largely been forgotten.

Now, no-one would challenge the substantial role of
Africa — especially sub-Saharan Africa — in the evolution
of the hominin lineage. A simple measure is to look at the
first appearances (Table 1). The earliest hominins, the earli-
est (and only) australopithecines, the earliest genus Homo,
the earliest hominin with significantly larger brain size and
human body proportions, the earliest anatomically modern
humans. Against that, Eurasia can claim one definite
palaeontological first appearance — H. neanderthalensis —
plus the genetic ghost lineage, the Denisovans. Homo geor-
gicus, H. antecessor, H. floresiensis, H. erectus and
H. heidelbergensis are hard to place, as it depends upon tax-
onomic definitions, but could have Eurasian origins. Of the
28 taxa so far identified in the hominin fossil record [3,4],
24 occur in Africa, and 21 exclusively in Africa. All hominin
genera have African origins.

A similar story can be found among the lithic traditions
(Table 1)— the first stone tool technology (Lomekwian), the
first Oldowan, the earliest Mode 2 technologies and the ear-
liest Mode 3. Looking more broadly at the archaeological
record, fire, use of ochre and microliths are all found earlier
in Africa than elsewhere, and there is widespread acceptance
of the evidence for what might broadly be called modern
human behaviour in Africa by around 100,000 years ago.

It is not just the palaeontological and archaeological
records that underpin the Afrotropical model of human evolu-
tion. Comparative genetics have shown that the sister clade of
the hominins is the chimpanzee/bonobo one [5], and that in
turn is part of an African ape clade, suggesting, in line with
Darwin’s proposal [6], that hominin origin is an African event.

Currently, genetics cannot inform on australopithecine
diversity, or the early evolution of Homo, but both ancient
and contemporary DNA has also shown a) that the ancestral
population of modern humans was in Africa [7]; b) that Afri-
cans have much larger genetic diversity than all Eurasia [8];
c) that Eurasian populations are descended from African
ones [9,10]; and d) that African ancestral populations did
not interbreed with Neanderthals and Denisovans [11].
This has been made clear for some time from the uniparen-
tal markers, mtDNA and Y-chromosome, and now it has
been firmly confirmed by whole genomes and multiple auto-
somal markers.

Even when the focus moves beyond Africa, the frame-
work remains African. Eurasian evolution and prehistory is
defined in terms of “out of Africa”models—Out of Africa 1
(H. ergaster/erectus) [12], Out of Africa 2 (modern humans)
[13] and more extensively, “out of Africa again and again”
(multiple dispersals) [14].

There is, on current evidence, little chance of this Afrocen-
tric model being overturned, although there may be chal-
lenges to some elements of it— for example, that the African
apes were in fact “recent” Eurasian immigrants [15], or that
H. erectus (defined broadly) evolved in Asia and subse-
quently dispersed into Africa [16], or that northern rather than
sub-Saharan Africa may have played an important role in
modern human origins [17,18]. Neither is there much to be
gained by thinking of this pattern in terms of “importance”; it
is not that Africa is more important than other regions, but
that the ecological and demographic conditions in different
regions prompt different evolutionary processes. Higher lati-
tudes, for example, are subject to more magnified habitat
change, and so responses are likely to be different (often
extinction), compared to tropical regions. Cold climates
demand particular adaptive responses which may be less
likely to lead to novelty. This is certainly the pattern across
broader biological systems, leading to such patterns as the
declining levels of diversity with latitude [19].

A more profitable approach is to examine how and why
Africa seems to have been, for hominins, such a promotor of

Table 1 Occurrence of first appearances in Africa during

the course of hominin evolution / Occurrence des premières

apparitions en Afrique au cours de l’évolution des hominines

First appearances Age (Ma) Reference

Earliest modern human

behaviours

0.16–0.1 [62]

Earliest Homo sapiens ~0.3–0.2 [17,27,63]

Earliest Mode 3 technologies ~0.3 [64]

Earliest Homo heidelbergensis ~0.7 [65]

Earliest Acheulean 1.7 [66]

Earliest Homo ergaster/erectus 1.9 [67]

Earliest Oldowan technologies 2.5 [68]

Earliest Homo 2.8–2.3 [69]

Earliest technology 3.3 [70]

Origins and radiation

of australopithecines

4.2–2 [71]

Earliest hominins ~7–5 [22]
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change and diversity. The framework adopted here is
broadly speaking referred to as evolutionary geography.
Evolutionary geography investigates the role of spatial fac-
tors in the evolutionary process [20]. It differs from bioge-
ography in which it operates at a variety of scales. While
phylogenetic patterns are an important element, its primary
focus is the investigation of the environmental (biotic and
abiotic) and demographic conditions for both range expan-
sions and contractions in the history of a lineage, and the
way this plays out from the micro to the macroevolutionary
levels [20]. Geographical approaches to evolution are sig-
nificant because spatial distributions and their context
underlie most processes. “Evolutionary change occurs first
as a result of spatial distribution — population dispersals
and contractions, fragmentation and isolation in response
to vicariance, shifting habitat boundaries, and so on.
Changes in distribution result in altered selective pressures,
different demographic parameters, new levels of gene flow
or discontinuities, and as such, evolutionary change through
time is the end product of geographical processes” [21]
(Fig. 1). This article will examine the primacy of Africa in
human evolution in the context of geographical patterns,
and in particular that hominins share the evolutionary his-
tory and processes of the biogeographical area to which
they belonged, and that is the basis for an Afrotropical
Model of Hominin Evolution.

Africa and the evolutionary process

Before considering the particular role of Africa in hominin
evolution, it is necessary to examine some broader issues
that may influence both the visibility of African fossil his-
tory and the probability of an evolutionary event taking
place. The former are issues of sampling and taphonomy,
while the latter are largely about biogeography and evolu-
tionary processes.

Taphonomic bias

One possibility that should be entertained is that the Afro-
tropical model is an artefact of preservation. The uneven
nature of the fossil record is well-established— preservation
of fossils is rare, exposure to discovery is very rare, and
furthermore, it is highly patchy in relation to both species
and time. Perhaps Africa is not just a good place for homi-
nins to have lived, but simply a good place for them to have
subsequently died in terms of becoming part of the fossil
records. Africa may have particularly good conditions for
fossilisation and discovery. Support for that view could be
found in the patchy distribution of the record of hominin
evolution. By and large, what is known comes from three
major sources — the East African Rift System (EARS), the
limestone caves of the Transvaal, and the rock shelters and

Fig. 1 Evolutionary geography focuses on the way in which change occurs first as a result of spatial distribution (A); resulting in demo-

graphic and adaptive divergence through lineages (B); with variable levels of gene flow or discontinuities, and as such evolutionary

change through time (C). See [20] and [21] for further details / La géographie évolutionnaire se concentre sur la façon dont des change-

ments ont lieu en fonction de la distribution spatiale (A) ; impliquant des divergences adaptatives et démographiques à travers les lignées

(B) ; avec différents niveaux de flux géniques et de discontinuités, aboutissant à terme à des changements évolutionnaires au cours

du temps (C). Voir [20] et [21] pour plus de détails
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caves of the Cape. This does not mean that there are no other
important regions— Chad, for example, is the source of the
oldest potential hominin (Sahelanthropus tchadensis) [22],
and the north African coastal caves, such as Haua Fteah and
Jabel Irhoud [23,24]— but that these regions are particularly
rich, and probably account for well over 90% of all hominin
fossils.

The reasons for this are largely geological. The EARS has
created numerous fluvial and lacustrine systems that have
subsequently been buried and re-exposed by rifting, ideal
conditions for both fossilisation and research [23]. The Plio-
cene and Pleistocene caves in the Transvaal are one of the
few karstic systems in Africa, and are highly fossiliferous
[24]. The Cape has many caves which record the more recent
elements of human evolution [25,26]. Much of the rest of
Africa is either covered with dense rainforest which has
highly lateritic sediments that do not preserve fossils, or
have been denuded by erosion. Hominins have been found
in none of these regions.

We cannot exclude the case for taphonomic exceptional-
ism, but there are a number of points that can be made
against it. The most important of these are based on genetics.
This is entirely independent of taphonomic factors, yet both
the close relationship between humans and African apes and
the greater human diversity and inferred time depth among
African populations would point strongly to Africa as being
significant for both early hominins and modern human evo-
lution. There is a good match between the estimates for the
divergence of the last common ancestor of chimpanzees/
bonobos and hominins and the fossil record, so the timing
fits as well [5]. There is also a consistency for the dates of the
last common ancestral population of modern humans and
Neanderthals — in the region of 300-600 Ka [18,27–30],
the earliest anatomically modern humans. Equally, the
dates of both archaic hominins and modern humans in Eur-
asia are consistent with this pattern [31–33]. The centrality
of Africa in the human story may benefit from geological
history, but, at a comparative scale, it is likely to be correct.
What is uncertain is that whether the regional, within-Africa
pattern is not an artefact of that history.

Size and chance

When it is stated that humans — or hominins — evolved in
Africa, it is not a particularly discriminating perspective.
Africa is a very large continent. The Afrotropical Model nar-
rows down the origins to approximately one quarter of the
Old World, and once one has excluded the high latitudes
where it is unlikely such origins would be found, probably
to half the Old World. Africa is larger than Europe, China
and the USA combined. A null model would be that given its
size, it should be expected that a very large proportion of

evolutionary events should occur there by chance. While
this must be a possibility, it can only be tested by excluding
other environmental hypotheses.

Latitudinal gradients and the importance
of the tropics

One such is the latitude diversity gradient hypothesis. It has
long been observed that there are many more species at the
tropics, and that species diversity declines with increasing
latitude. There are many explanations for this observation,
but the pattern is remarkably robust across taxa, trophic level
and habitat [19]. Whatever the ultimate causation— energet-
ics, climatic stability, land area, etc.— the implication of all
is that rates of speciation are higher in the tropics than at high
latitudes. The adaptive corollary of this is that there is a
higher rate of evolutionary novelty. As Africa has the highest
land mass of tropical and sub-tropical environments, the pat-
tern seen for hominins could be said to reflect a much
broader evolutionary process; hominins are simply follow-
ing general evolutionary principles. Rolland et al [34] have
shown that the latitudinal gradient is not just a reflection of
ecological equilibrium, but rates of speciation. There is a
higher speciation rate in the tropics than in temperate
zones, and this can be seen for mammals as a whole, and
in particular orders. In effect, mammalian species diversity
reflects an “out of the tropics” model, and such a model will
necessarily show a strong signal in Africa. Hominin evolu-
tion reflects both the latitudinal gradient in terms of taxic
diversity, and the high rate of endemism.

This pattern is not found solely for inter-specific diversity.
Studies of cultural and linguistic diversity among humans
have shown a similar latitudinal gradient, from tropics to
high latitudes [35–37]. This suggests there are at least anal-
ogous processes occurring in the way in which boundaries
are formed between human groups, with a higher probability
of such boundaries in tropical latitudes. Nettle [35] has
argued that this is a product of risk reduction in high lati-
tudes; a complimentary hypothesis is that niche partitioning
and isolation is possible at smaller scales in low latitudes
[38]. This would suggest that the higher rate of speciation
among hominins may not only reflect the environmental fac-
tors, but also integrates with evolving aspects of human cul-
tural behaviour.

Endemism: Africa as a species factory

Endemism is the central concept in the Afrotropical
Model — most hominin taxa are endemic to Africa, having
originated there. This high level of endemism is an African
characteristic; endemism levels at family rank (proportion of
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endemic families per biome) is highest in the Oceanic biome,
followed by Neotropics. The Ethiopian biome is ranked
next. However, what is perhaps most striking is that at family
level there are no endemics in the Palaearctic. Eurasia, in
terms of the origins of higher taxa, is a recipient and not a
donor. The same pattern is seen at species level for zoogeo-
graphic regions [39].

In an analysis of global patterns of endemism, Kier et al.
[40] showed that species endemism was generally higher in
island zones, but among the mainland regions it was the tro-
pics that had the highest levels of endemism, and within
Africa, parts of East Africa had the highest levels among
mammals. Fortelius et al. [41] have introduced the idea of
“species factories” — in particular, suggesting that the Tur-
kana Basin is one such; specific conditions of isolation, resil-
ience and resource availability provided the balance between
survivorship (so species did not become extinct), but suffi-
cient changes in conditions to prompt evolutionary novelty.
If this is the case — particularly for tropical Africa — then
the high level of African endemism among hominins would
be part of a more general evolutionary pattern.

Community and co-evolution

A final factor is that no lineage evolves in isolation, but as
part of a community and through co-evolutionary interac-
tions. Such co-evolutionary processes can be intimate,
intense and obligatory — for example, the co-evolution of
acacia trees and ants. More general long term patterns have
also been observed among predators and prey – for example,
in changes in limb lengths across the Cenozoic [42]. At a
broader level, there is a process of community evolution,
where many lineages coevolve as a response to changing
environmental conditions [43]. The expansion of the grass-
lands in the Late Miocene and Pliocene in East Africa cre-
ated conditions suitable for many mid to large body-sized
mammals, and an increase in grazing [44], although the
detailed sequence may have been complex [45]. The typical
African savanna or Ethiopian fauna evolved concurrently in
response to this, and hominins in Africa are likely to have
been a part of that process, and should be considered a mem-
ber of the African later Cenozoic biome. In a more specula-
tive manner, whether there were more intense competitive
interactions between lineages so that this community evolu-
tion took place in a Red Queen framework [43,46].

In summary, the evolutionary record of Africa is a prod-
uct of many factors, some of which may inhibit our under-
standing (for example, areas with no fossil preservation),
while others may promote it. Equally, some intrinsic charac-
teristics of the evolutionary process may have promoted
great evolutionary change than it was to be expected in
other areas (Fig. 2).

The evolutionary geography of Africa

Against this broad evolutionary background, we can exam-
ine the role of Africa in hominin evolution more specifically,
and, in particular, how its geography has been significant in
this. We can consider how Africa, as an evolutionary unit, is
neither constant nor homogenous.

The two Africas

Africa is, geologically speaking, a single continent, and has
been a unit in plate tectonics since the split from South
America around 100 Ma. Until the Early Miocene Africa
was essentially an island continent, unconnected to Eurasia.
From the Early Miocene a land bridge was established, and
faunal exchanges occurred, including by Hominoids. In that
context, Africa is a continent with a deep evolutionary his-
tory separated from Eurasia. However, Africa is also divided
into two biogeographical regions, created by the proximity
of the north to the Mediterranean, and the presence of the
Sahara as a major barrier. The result is two distinct zoogeo-
graphic zones — Saharo-Arabian and Afrotropical (more
colloquially known as northern Africa and sub-Saharan
Africa [39] (Fig. 3).

In practice, discussion of the role of Africa in hominin
evolution actually refers to sub-Saharan Africa, or more
formally the Afrotropical Zoogeographic Zone (approxi-
mately the same as Wallace’s Ethiopian Region) [39], for,
with the exception of the fossils from Chad [22] (which are
effectively on the boundary of the Afrotropical Zone),
and, for more recent times, the North African coastal
region, all hominin fossils of any significance come from
sub-Saharan Africa.

Two points arise from the dual nature of Africa [47].
The first point is that the Sahara is a major barrier, creating
isolation of the sub-Saharan element. The Sahara was
formed in the late Miocene, and was a progressively
major barrier to movement and range expansion from the
south (or indeed the north). Strictly speaking, while talk-
ing about African origins during the course of hominin
evolution, it should be more clearly specified as the sub-
Saharan Africa or the Afrotropical Zone. The second point
is that although the Sahara is a major barrier, this has not
been a constant. Based on the last glacial cycle, it is clear
that in the cold phases Africa becomes arid, and the desert-
ification intensifies and expands; conversely, at the begin-
ning of periods of deglaciation, the region becomes much
more humid, and as a result the Sahara contracts and is
replaced by savannas — basically an expansion of the
Afrotropical fauna [48]. At this point, there is much
greater connectivity between sub-Saharan Africa and Eur-
asia, and it is then that range expansion northward occurs.
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What seems clear across many faunas is that this is the
directionality — from south to north, with few taxa mak-
ing the journey in the opposite direction [47].

The ‘two Africas’ model is therefore a dynamic model,
with periods of both isolation and connectivity. That connec-
tivity is still through particular corridors — the Nile and the
montane regions of the Central Sahara, most importantly cre-
ating the conditions for both isolation and range expansion
and dispersals towards Eurasia [20,47]. The pulses—multiple
dispersals — out of Africa are likely to have been regulated
by the opening and closing of this barrier.

Greater and lesser Africa

The variable nature of Africa biogeographically — some-
times two distinct zoogeographic zones, sometimes one
continuum — can be extended further. When the Sahara
is a barrier, then in effect Africa — as in the Afrotropical
Zoogeographic Zone — is reduced. During warm wet
phases, it is greatly enlarged, and extends beyond the actual
boundaries of the continent. If the Afrotropical faunas
spread into the Saharo-Arabian regions, then these distribu-
tions will also extend further still. Dennell and Roebroecks

Fig. 2 Factors influencing the biological and taphonomic processes resulting in a rich Afrotropical model of hominin evolution /

Facteurs influençant les processus biologiques et taphonomiques, contribuant à la richesse du modèle afro-tropical de l’évolution

des hominines
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have referred to ‘savannastan’ [16], as the total range of
continuous habitat, stretching from East Africa as far as the
north-west frontier of India, and possibly beyond. While
the distinctive zoogeographic zones suggest that there
was never a complete swamping of the Palearctic by Afri-
can fauna, nonetheless it is important to recognise that evo-
lution operates on ecological boundaries, not geo-political
and geological units. At various times — principally in the
warmer marine isotope stages — “evolutionary Africa”
was larger than the continent, and at other times — during
cold phases — it was smaller (Fig. 4).

African basins

Another geographical perspective on Africa is to view it as a
series of basins, each of which may form a distinct biogeo-
graphic zone. Although the formation of the EARS in the
last five million years has altered some of these basins, and
the Nile is both recent and unstable as a basin, they represent,
in relation to hominin evolution, a long-term feature of
the African landscape, with strong evolutionary conse-
quences [49]. These basins have their own distinct responses
to climatic change (as they largely relate to precipitation and

Fig. 3 A. Zoogeographical zones of the world. B. Similarities between African zoogeographical zones and adjacent Eurasian ones.

Adapted from [39] / A. Zones zoogéographiques du monde. B. Similarités entre les zones zoogéographiques africaines et les zones adja-

centes d’Eurasie. Adapté de [39]

BMSAP (2018) 30:17-31 23



run-off), and as a result, high levels of endemism in some
cases. If hominins are both responding to environmental
changes as other taxa, and subject to distance effects, then
there may well have been asynchrony between basins, refu-
gia networks occurring between adjacent basins, and partic-
ular patterns of dispersals between adjacent basins [50–52].
In this regard, two basins stand out as particularly interesting
– Turkana and the Nile. These two have boundaries with
four other basins, more than is the case for any other basin.
They may therefore both act as refugia, and also have the
greatest potential for dispersal. It should be added that both
these basins are, relatively speaking, recent; the Turkana was
an open fluvial system until the Lower Pleistocene [53], and
the Nile has varied in size and catchment over time, at vari-
ous periods being much more reduced. It is also the only
major basin that connects beyond Africa (Fig. 5).

Biogeographic relationships across Africa

Although we have characterised Africa as having two major
zoogeographic regions, within those there is a considerable
amount of diversity, part of which maps on to the basin struc-
ture. In a wide-ranging analysis across multiple taxa of ani-
mals and plants, Linder et al [54] have used a bottom-up
approach to determine what these regions are, and how are
they related to each other. They identified eight major
regions — Saharan, Sudanian, Somalian, Zambezian, Con-
golian, Guinean, Kalaharian and South African (Fig. 6).
Their analysis shows the “relatedness” of the regions,
which in effect indicates the degree of contact through dis-

persals or the presence of closely related species. In the anal-
ysis of mammals, the two forested regions of Central and
West Africa are the most similar. The savanna regions are
also similar, but divide quite strongly into northern (Suda-
nian) and southern (Zambezian) zones, suggesting a natural
break in evolutionary patterns. The Saharan and Somalian
zones link next to the savannas, and it is the southern African
zones (Kalaharian and South African) that are the most dis-
parate. The ‘savanna’ regions are the most similar to each
other (Fig. 6). Other groups of plants and animals show
slightly different patterns. These analyses would suggest
that eastern Africa is, in terms of mammalian evolution and
ecology, more loosely linked to northern rather than southern
Africa, and, as discussed above, the Sahara is a variable bar-
rier. An interesting question is that the nature of the barriers
between equatorial and southern Africa, whether these are
the result of biotic competition or some more physical or
climatic effect.

East-West versus North-South

The analysis of biogeographical zonation of Africa is based
on current distributions, but, as discussed above, this is not
stable. At certain times Africa is more arid, and the more open
environments expand at the expense of the more humid ones.
When this happens, the ‘corridors of sub-Saharan Africa’ are
north-west, cutting the equatorial rainforests into eastern and
western parts [46]. However, at that time the Sahara is
expanded, acting as a barrier to further northern expansion.
When the climate is more humid, in contrast, the tropical

Fig. 4 “Lesser” and “Greater” Africa: during the Pleistocene biogeographic distributions varied extensively in relation to climatic condi-

tions. A. During more arid phases the Sahara was a barrier, and Eurasian and North African/Saharan Zones extended into Africa. B. Dur-

ing more humid phases the Sahara was less of a barrier and the Afrotropical Zone extended into Southern Eurasia (Peters projection sys-

tem) / La « petite » et la « grande » Afrique : au cours du Pléistocène, les distributions biogéographiques ont énormément varié

en fonction des conditions climatiques. A. Pendant les phases les plus arides, le Sahara constituait une barrière, et les zones eurasienne

et nord-africaine/saharienne s’étendaient en Afrique. B. Pendant les phases plus humides, le Sahara représentait moins une barrière

et la zone afro-tropicale s’étendait jusqu’au sud de l’Eurasie (système de projection de Peters)
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forests expand, and cut the savanna regions into northern
(Sudanian) and southern (Zambezian), creating a continuous
forested distribution from coast to coast. At these times, how-
ever, the Sahara would have been an extension of the Suda-
nian region, and therefore a conduit to the north and Eurasia.
This oscillation would mean that Africa alternates between a
region with a north-south axis of movement, with a northern
cap, and periods when it has an east-west-axis, but reduced
barriers to the north [21].

Mosaic environments

Another perspective on Africa is as a set of mosaic environ-
ments. Where Eurasia is dominated by latitudinally-banded
habitats, Africa is a more patchy set of environments, shaped
by not just latitude, but also topography, relief and rainfall
patterns. The result, particularly on the eastern side of the
continent, is a mosaic structure of habitats. Mosaic environ-

ments are effectively regions with high environmental diver-
sity, where it is possible to travel relatively short distances
and cross a number of habitat boundaries. It has been argued
that these mosaic habitats can promote local adaptations,
form refugia and high levels of endemism, and will conse-
quently have high rates of speciation. These mosaic habitats
often coincide with biodiversity hotspots and also areas with
high extinction risk. Palaeoanthropologists have often pro-
posed that the mosaic environments played a critical role in
the early stages of hominin evolution [55,56], and the EARS
is particularly noted for the high level of habitat diversity
occurring within it. And in particular greater seasonality, a
key selective pressure [57].

Topography

One of the variables that promote a high level of mosaicism
in a region is a variable topography, or high relief. King and

Fig. 5 Africa is comprised of a number of large basins that act as biogeographical units (see text for discussion). Adapted from [51] /

L’Afrique comporte un certain nombre d’immenses bassins qui se comportent comme des unités biogéographiques (voir le texte pour dis-

cussion). Adapté de [51]
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colleagues have made a strong case for linkage between high
relief and hominin evolution in Africa [57–59]. The argu-
ment is that traits such as bipedalism are advantageous in
regions with high relief, as well as providing suitable habi-
tats in terms of resource availability and distribution. They
also suggest that the distribution of hominin occupation, and
the regions to which they disperse tend to be ones with high
topographic relief. As always, there may be taphonomic fac-
tors involved, but there are also good ecological reasons for
such a correlation, including the presence of water, shelter
and protection, and good hunting conditions.

Water

While the requirements and availability for food resources
will vary with habitat, water is a constant. Hominins are
strongly water-dependent animals [55], and there are argu-
ments that their dependence upon sweating for thermoregu-
lation makes them particularly water-dependent. Access to
surface water is critical, and this in turn varies enormously.
In deserts, the mean distance between water sources is over
30 km; for most other habitats it is between 3 and 5 km, and
in the savanna/bush environments in which it is hypothe-
sised much of human evolution occurs, it is between 5 and
10 km [60] (Fig. 7). These average figures, of course, con-
ceal considerable variation, and it is likely that actual land-

scape distributions of hominins will have been patchily
determined by water distribution.

Ecological and biogeographic context
for hominin evolution in Africa

The abundant genetic, archaeological and palaeontological
evidence that places the Afrotropical realm at the centre of
many aspects of hominin evolution implies that there are
many reasons for focusing on the ecological and biogeo-
graphic context of Africa to understand why this is the
case. Several factors contribute to that context, and these
emphasise not only the homogeneity of Africa relative to
the rest of the world, but also the variable and dynamic
nature of it. That variability can explain not just the impor-
tance of the Afrotropical realm, but why particular parts of it
may play key roles in hominin evolution. Among these are:

• areas of high diversity, which occur both in the rain forests
and in the EARS, may act as sources for evolutionary
novelty, with higher rates of speciation, and therefore
the potential for dispersals of new populations to their
zones of endemism. These areas of high diversity may
relate to broader climatic, topographic variables, habitat
distribution and diversity and water availability;

• from the perspective of evolutionary geography, Africa
is neither homogenous nor stable. As an evolving

Fig. 6 Map showing statistically. A. Defined biogeographical regions of Africa. B. The degree of similarity between these. Adapted

from [54] / Carte montrant les régions biogéographiques d’Afrique. A. Définies statistiquement. B. Le degré de similarité entre elles.

Adapté de [54]
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community of plants and animals, geographical facts have
shaped the patterns observed, and in turn these patterns
show a strong spatial structure. Large scale basin struc-
tures play a strong role, although there are also broader
zoogeographic structures. Changes in these over time
result in different configurations of Africa and the Afro-
tropical realm – ‘greater’ and lesser, with or without a
Saharan barrier, and with either a north-south continuity
of open savannas, or an east-west continuity of forests.
These shifts are important in terms of isolation and pat-
terns of gene flow;

• actual geographical position is also an important factor.
The similarity coefficients of mammalian regions [54]
showed, for example, southern Africa was relatively iso-
lated from the rest, while Holt et al [39] also showed how
the Sahara was more closely related to the south-western
parts of Asia. The implication is that these are distance
effects, and are likely to have shaped hominin population
relationships and probabilities of dispersal. Put simply, it
is impossible to disperse into Eurasia without going
through north-eastern Africa.

African evolutionary geography and hominin evolution

Hominin evolution is a complex and multiphase process that
occurs over more than seven million years on current evi-
dence. As stated at the outset, much of that occurs in the
Afrotropical realm. How much can the evolutionary geogra-

phy and ecology of Africa described above provide insights
into these events. Table 2 shows the principal elements of
African evolutionary geography discussed, and the implica-
tions for patterns of hominin evolution.

Many of the underlying ecological principles and homi-
nin implications relate primarily to distributions and diver-
sity – broadly speaking macroevolutionary patterns that are
shaped by geographical factors. This is, in essence, the con-
tribution of evolutionary geography. Most of the expecta-
tions for hominin evolution are that there should be greater
diversity, endemism and evolutionary novelty in Africa com-
pared to other regions, and in tropical Africa relative to other
parts of Africa. The expectations from evolutionary geogra-
phy can apply to all phases — the diversity of the earliest
hominins with several genera, probably associated with the
emerging adaptations to ground-dwelling through bipedal-
ism, the peak diversity of Plio-Pleistocene hominins, the
complex biogeography of early Homo across eastern Africa
and into the Caucasus, and the multiple dispersals of novel
taxa from Africa into Eurasia during the Pleistocene. They
are all broadly consistent with the current data, although, as
stressed at the outset, it is not possible entirely to disentangle
these from taphonomic factors.

What is less clear is the extent to which the adaptive trends
of hominin evolution — as opposed to macroevolutionary
patterns — are also influenced strongly by the African con-
text. In general terms they must be, as the adaptive traits of
hominins are solutions to the problems of survival and repro-
duction at particular times and in particular places in Africa.
For this a different approach is required, one that is based
more closely on the adaptive traits of hominins— bipedalism,
technology, changes in life history strategy, changes in diet,
encephalisation and the development of an enhanced capacity
for culture — in other words whether this approach relates
only to macroevolutionary patterns, or microevolution and
adaptation. For example, what are the particular elements of
the African evolutionary and ecological environment that
makes bipedalism an optimal solution for a hominoid? Or,
what adaptive problems does the development of lithic tech-
nology solve for hominins in East Africa around or before
3.3 Ma? To put it another way, while the evolutionary geog-
raphy might predict a higher rate of speciation and evolution-
ary novelty in Africa compared to other regions, further com-
ponents and a much more fine-grained analysis would need to
be added to the model to explain why that novelty might be
bipedalism or larger brains.

Conclusions

Conclusive evidence from genetics, archaeology and
palaeontology has shown the central role of Africa in homi-
nin evolution. That centrality can be measured by the

Fig. 7 Mean distance to the nearest surface water for different

habitats in Africa. Inset map shows the density of surface water

locations across Africa (red represents lowest, green highest).

Adapted from [60] / Distance moyenne de la plus proche source

d’eau pour différents habitats en Afrique. La carte en encart mon-

tre la densité des eaux de surface en Afrique (le rouge représente

les densités les plus faibles, le vert les plus fortes). Adapté de [60]
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Table 2 Evolutionary processes and patterns discussed in the text, and applications to hominin evolution / Processus et modèles dis-

cutés dans le texte, et implication concernant l’évolution des hominines

Evolutionary geography component Hominin applications and hypotheses

Latitudinal gradient: higher taxic diversity in equatorial Africa

relative to both northern and southern Africa, and Eurasia

More hominin species have African origins

More hominin species occur only in Africa

There is higher hominin diversity in tropical Africa compared

to northern and southern Africa

Sahara as a variable barrier: under warmer and wetter

conditions, the Sahara is an extension of Sudanian Zone,

and does not act as a barrier-open

Continuity of hominin populations across Africa and into

southern Eurasia during wet phases

Out of Africa dispersals during wet phases

Admixture and cultural contact between northern African

and southern Eurasian populations during wet phases

Sahara as a variable barrier: under drier and colder conditions

the Sahara expands and forms a barrier between northern

and southern Africa

Isolation of sub-Saharan hominin populations

Early hominins limited to sub-Saharan Africa

Divergence of Eurasian and sub-Saharan lineages, such

as Neanderthal/Denisovans and ancestors of anatomically

modern humans

Greater Africa: the more open environment elements of Africa

to the east and north expand into Eurasia (‘Savannastan’)

Northern Africa and southern Eurasia could have formed

a hominin metapopulation during these times

This may fit the observed complex diversity of early Homo

between 2 and 1.6 Ma

Some genetic evidence may indicate a similar metapopulation

after the early dispersals of modern humans, but prior

to the separation of Eurasians and Papuans/Australians

Lesser Africa: environmental differences and barriers such

as the Sahara lead to a more restricted Afrotropical geographical

range

Restricted and fragmented populations in sub-Saharan Africa

may have created the conditions for population structuring

implied by the human evolutionary genetics

The African and Eurasian phylogeny proposed for Lower

and Middle Pleistocene Homo may reflect the sustained nature

of ‘lesser Africa’ at various periods

Inter-continental endemism: tropical areas such as Africa have

higher levels of endemism relative to Eurasia

Most hominin taxa originate in Africa

Most hominin taxa occur in Africa

Intra-Africa endemism: East Africa has higher levels

of endemism than other parts of Africa

Relative to other parts of Africa, East Africa has higher rates

of origin of taxa and higher diversity

If hominin lineages evolved primarily in eastern Africa, then

there would be a greater correlation between co-evolutionary

and dispersal events in that region compared to other parts

of Africa

Co-evolution: due to competitive interactions and shared

environmental dynamics, there will be co-evolution among

lineages in the same regions

If hominin lineages evolved primarily in eastern Africa, then

there would be a greater correlation between co-evolutionary

and dispersal events in that region compared to other parts

of Africa

(Suite page suivante)
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number of significant first appearances, by the high levels of
evolutionary endemism, by the high level of taxonomic
diversity, and the strong directionality of dispersals from
Africa to Eurasia across the Pleistocene. Evolutionary genet-
ics is also showing that Africa was the source for the ances-
tral modern human populations, and that genetic diversity
declines from Africa. These are straightforward facts, and
appear to be as secure as any major finding in evolutionary
history. There is inevitably a form of phylogenetic bias
involved; given the original African origin of the hominin
clade and its solely African distribution for several million
years. However, that this pattern continues after the first Eur-
asian dispersals remains an interesting observation.

These facts sum together as the Afrotropical model of
hominin evolution, namely that hominin evolution is rooted
in a distinct zoological region. The challenge addressed in
this article has been to connect this model to a broader range
of evolutionary theory and biology. Evolutionary geography
provides one such body of theory; using the way in which

evolutionary processes play out over different spatial
scales provides the basis for exploring whether what is
seen for hominin evolution reflects the broader rules of bio-
geography — the higher levels of endemism and speciation
in the tropics, the operation of latitudinal gradient rules and
comparisons with evolutionary patterns in other groups of
plants and animals. All of these lead to the conclusion that
there are good reasons why it might be expected that such
phenomena as higher hominin diversity occurs in Africa
compared to other continents, or why dispersals tend to be
from Africa to Eurasia. This approach, while largely con-
firming the current findings, could be extended to develop
more detailed predictions for hominin evolution. What
might be the next challenge would be considering the cases
in hominin evolution that do not conform to these general
rules— the possibility of dispersals from Eurasia into Africa
at the base of the African ape/human lineage, the possibil-
ity of convergence in behaviour between Eurasian and Afri-
can hominins, the Eurasian divergence of Neanderthal and

Table 2 (suite)

Evolutionary geography component Hominin applications and hypotheses

African basins and biogeographic phylogeny: biogeographical

zonation in Africa is structured to a large extent by major

topographic basins, which determine levels of endemism

and zoogeographic relationships between basins

Patterns of hominin physiology, affinity and dispersals should

match the distribution of African basins, and their proximity

to each other

The relative isolation of the southern African biomes; the split

between Zambian and Sudanian savannas

Southern Africa should have a hominin evolutionary history that

reflects greater levels of isolation and terminal refugia, possibly

with later extinction dates

East-West humid connectivity versus north-south savanna

connectivity: during arid phases the primary routes for range

dispersals are north-south, by open habitat organisms; during

humid phases it is east-west and dominated by forest organisms

If hominins were largely adapted to the more open environments

of sub-Saharan Africa, then during more arid phases there would

have been range expansion and dispersals from eastern

to southern Africa (and vice-versa); during warmer and wetter

phases, eastern and southern Africa would have been less

connected

Little is known about the western extensions of hominins,

but these would have been more likely during more arid phases

Mosaic environments: some African regions have high

environmental diversity, which promotes local adaptations, form

refugia and high levels of endemism

Although taphonomy may well be a factor, the high level

of hominin diversity in East Africa coincides with the high levels

of habitat diversity found in the EARS

Topographic variation: variation in relief promotes habitat

diversity and isolation, and thus species diversity and endemism

Hominins may have had a preference for areas with relatively

high relief, although this would be difficult to disentangle

from taphonomic factors

Water: water is one of the primary determinants of distribution

and habitat, and in addition to its broader impact on productivity,

surface water availability constrains water-dependent species

At the meso- and microscale, hominin distributions

(and their archaeological record) will be restricted to areas with

surface water
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Denisovan lineages – in other words, developing an evolu-
tionary geography framework for Eurasia.

Finally, it is worth emphasising what is not claimed in this
article – that hominin evolution could only have occurred in
Africa. The broad rules of evolution that have been used to
understand why there is a consistency between principles
and observations within hominin evolution are not fixed
and deterministic rules, but statistical properties, patterns
and trends that are more likely to occur than not. But evolu-
tion is also full of exceptions, of unusual conditions, of
chance and convergence. If — to develop Gould’s thought
experiment [61]—we were to rerun the tape of life a million
times, in most of those evolutionary histories “hominin”
evolution probably would not occur. Among those where it
did, there would, no doubt, be histories where the emergence
of a highly intelligent and cultural creature occurred under
different geographical conditions, in Asia, in Europe, in the
Americas. But, the largest proportion of alternative histories
are likely to be in the tropics and in Africa.
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