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abrupt changes identified as Dansgaard/Oeschger
oscillations. The role of such interstadial fluctuations
on evolutionary and biogeographic patterns is only
just beginning to be explored.

These aspects are important at least partly be-
cause they provide the context for events following
the emergence of modern humans. This period, en-
compassing approximately the last 160,000 years,
witnessed the expansion of a small African popula-
tion throughout the world and the subsequent dis-
appearance of all other hominin species, leading to
the existence of a single species of hominin through-
out the world for the first time in five million years.
How many other hominin species existed through-
out the world in the early Upper Pleistocene is a
matter of much controversy. However, for the focus
of this book there is no doubt that the hominin spe-
cies that had occupied Europe for a considerable
period of time was replaced by expanding modern
humans. This major demographic event, the extinc-
tion of the Neanderthals and the establishment of a
modern human population in Europe, took place dur-
ing Stage 3 (Stringer & Gamble 1993; Stringer 2002).

The fact that Stage 3 was the time when this
happened is particularly significant. Modern humans
evolved in Africa at some point during the previous
glacial period (Stage 6) and experienced at least
phases of moderate geographical expansion in the
subsequent interglacial (Stage 5). However, these
early modern human groups did not disperse fur-
ther into Europe at that time. They did so later on,
around, or soon after, approximately 60,000 years
ago, before the peak of the last glaciation (Chapter 4:
van Andel et al. 2003b; Lahr & Foley 1994; 1998).
These two facts contradict predictions based on broad
glacial–interglacial biogeographic models, and raise
a major question — was the expansion of modern
humans into Europe, the event that led to the extinc-
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The Stage 3 Project represents a collaborative effort
to unravel the complexities of European climate and
environment during the long interstadial (~60,000 to
25,000 years) of the last glacial cycle. From inter-
disciplinary approaches and sophisticated climatic
modelling, the main outcome of the project is the
confirmation that Stage 3 was not just a slightly
warmer phase of the last glaciation, but a climati-
cally variable period that at moments approached
nearly interglacial conditions, while at others expe-
rienced abrupt and profound changes towards gla-
cial climates (van Andel 2002).

This focus on understanding Stage 3 — trends,
variability, frequency of climatic change, the ampli-
tude of those changes, and their effects on the fauna
and flora of Europe — is important for the develop-
ment of temporal biogeographic models of the
Pleistocene, in particular the later part of the period.
Such models tend to generalize change on the basis
of the extremes within a glacial cycle — i.e. between
interglacial and peak glacial conditions (Lahr & Foley
1998). Parameters derived from these models are
important for interpreting the order and directionality
of demographic change, both population expansion
and contraction, and explaining such changes in the
context of resource availability. These approaches
have provided a general model for understanding
the population history of Europe on a glacial-inter-
glacial scale (Gamble 1993; Foley & Lahr in press).

However, from a phylogeographic perspective
small-scale changes can have significant demographic
and genetic effects. Recent research, such as that
developed in other chapters of this book, highlights
the degree of smaller-scale climatic changes between
interglacials and peak glaciations (see Chapter 5:
Barron et al. 2003; also Barron & Pollard 2002). This
change largely reflects medium-term fluctuations in
temperature and ice-sheet extent, but also short-term
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tion of Neanderthals, climatically driven?
In order to tackle this question, we will first

discuss the broad biogeographical models of gla-
cial–interglacial faunal exchange between Europe and
Africa. Secondly, we will discuss the climatic con-
text of Stage 3 and the implications for such bio-
geographic models. Thirdly, we will review the
palaeoanthropological and genetic evidence for the
timing and extent of modern human expansion dur-
ing Stages 5, 4 and 3. Finally, we will explore analyti-
cally whether the fluctuating site demography of the
Middle and Upper Palaeolithic in Europe during
Stage 3 (using the Stage 3 Project Archaeological
Data Base; see Chapter 3: van Andel et al. 2003a) can
be linked to climatic change and discuss the implica-
tions of the findings.

Biogeographical models: evolutionary geography
and climatic change

Evolutionary change in a dynamic climatic context
While it is a truism that climatic and environmental
change is a major influence on evolution, it is less
clear exactly how this relationship operates. At one
extreme it has been argued that climate is a neces-
sary and sufficient cause of evolutionary change,
and that in its absence speciation and directional
changes are unlikely to occur (Vrba 1993; 1996). Un-
der this model, often referred to as ‘pulse-turnover’,
evolutionary change is expected to be synchronized
with climatic change. At the other extreme, continu-
ous co-evolutionary interactions have been seen as
the main driver of change, and that this occurs inde-
pendent of climatic shifts (van Valen 1973). Under
this model, a tight relationship between evolution,
such as the appearance of new species, and climatic
change, is not expected. Between these two extremes
lie a number of more intermediate positions, which
recognize that while climate might prompt particu-
lar bursts of change, they occur in particular com-
petitive contexts.

Elsewhere we have argued for one of those
more intermediate positions, focusing on the role of
geographical processes in shaping evolutionary pat-
terns (Lahr & Foley 1998). In particular, we have
argued that the populational response to climatic
change is most directly distributional. When climates
change, so does habitat distribution; this is the es-
sence of the climatic simulations and reconstructions
outlined in this book. In response to this, animal
populations will either contract or disperse. It is these
changed distributions that provide the new condi-
tions under which selection may bring about evolu-

tionary change, or indeed extinction. However, the
relationship between climate and these evolutionary
processes is much less direct than is the case with
dispersals or contractions (Foley 1999).

In terms of human evolution and Stage 3, one
of the opportunities provided by the fine-grained
analyses of climatic change is to see the extent to
which changes in hominin distributions are a re-
sponse to changes in habitat distribution, and
whether this provides the microevolutionary basis
for understanding later Pleistocene human evolu-
tion. We can consider this by first looking at how
Pleistocene climatic change could provide the frame-
work for understanding major dispersal patterns in
a biogeographical context.

Afro-European biogeography and glacial cycles
Glacial cycles provide the primary framework for
Pleistocene biogeography. Although cooling of the
Earth’s climate began at the end of the Pliocene
(Denys 1985; Loubere 1988), cyclical glacial fluctua-
tions date from approximately 800 ka BP (Shackleton
1987). The first full glacial stage is recognized in the
marine sequences as Stage 22, within the Matuyama
subchron and before the Jaramillo event, and there-
fore between 900 and 790 ka BP. The succeeding gla-
cial cycles each show the slow build-up of continental
ice sheets, a rapid period of deglaciation, followed
by a relatively short warm interglacial stage, although
each cycle also shows unique aspects in terms of
duration and extent (Shackleton 1987; 1996; Malatesta
& Zarlenga 1988). These cyclical events influenced
equatorial and northern latitudes in predictably dif-
ferent ways. Maximum cold in the north led to a
southward shift of climatic belts, reduced tempera-
tures globally, low sea-level stands, and aridity in
many parts of the tropics. Warming is followed by
the release of water trapped in the northern hemi-
sphere glaciers, which is responsible for the global
rise in sea level and for pluvial and high lake level
short episodes in equatorial regions.

These changes have effects on African and Eura-
sian faunal distributions (Fig. 14.1) (Tchernov 1992a,b;
Lahr & Foley 1998). Large mammalian faunas in
both continents undergo periods of range expansion
during early interglacials, while only Eurasian fau-
nas seem to shift ranges during glacial build-up (in
Africa extensive aridity causes the contraction of
available ranges and a level of isolation and ende-
mism). In the case of Europe, interglacial faunal ex-
pansions were associated with the retreat of ice and
tundra along the Eurasiatic plains to the northeast,
and occasionally towards the southeast, reaching the
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Middle East (although the Taurus-
Zagros mountain range and the
interglacial forests of the Greek and
Turkish peninsulas acted as impor-
tant barriers to movement in this di-
rection). During glacial periods,
European animal ranges shifted
southwards as continental areas be-
came covered by ice sheets and per-
mafrost terrain. At these times, the
Middle East acted as a cul-de-sac,
for these northern elements could not
overcome the Saharan barrier at its
maximum extent during glacial
stages. Therefore, the main direction
of Palaearctic expansions was East–
West, as reflected by past and
present animal distributions. In the
case of Africa, population expansions
were associated with increased mois-
ture occurring particularly during
the early phases of interglacials.
These expansions were also direc-
tional, as forests expanded equa-
torially and savannas in a northerly
direction across the Sahara. During
these episodes, the Ethiopian faunal
range also encompassed the Sahara,
northern Africa and the Levant,
which shows indications of savanna
conditions, while movement into
Europe would reflect a subsequent dis-
persal if the Taurus-Zagros barrier was
transcended. Therefore, the main di-
rection of non-forest Ethiopian ex-
pansions was north–south, reaching

into Europe during the lower and middle Pleistocene,
and the apparent depopulation that occurs in glacial
stages. It also conforms to what is observed for the
extra-African dispersals that occur in Stage 5, al-
though they do not appear to have penetrated Eu-
rope at this time (Lahr & Foley 1998). However, this
general dispersal model does not allow us to esti-
mate the role of smaller-scale climatic change in pro-
moting multiple or relatively few such dispersals, or
what the outcomes of such dispersals could have
been for the various hominin populations that lived
during this time period.

Flux & fragility as a demographic model for the Upper
Pleistocene
A further implication of the evolutionary model de-
scribed here is that hominin populations may have

Figure 14.1. Schematic diagram of the effect of the glacial cycles on  habitat
distribution and biogeographical relationships between Europe and Africa.
(From Lahr & Foley 1998.)

into the Middle East through the Sinai Peninsula.

Hominin dispersals in relation to the climatic cycles
The implication of this general model is that there
should be a predictable relationship between climatic
change and hominin dispersals between Africa and
Europe. In particular, it can be expected that during
periods of glacial tropical aridity, the Sahara would
be a barrier to movements out of Africa, and European
populations are likely to have experienced contrac-
tions as habitats become latitudinally compressed.
Conversely, during early interglacials, the northward
spread of savanna environments would open up routes
of dispersal from Africa to Eurasia, while Eurasian
populations are likely to have dispersed northwards in
response to habitat expansion due to warmer climates.

This model fits well the pattern of dispersals
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been highly unstable in numbers and distribution.
The standard anthropological model of human de-
mography has been one of overall stability, leading
to a gradual increase in human population. Under-
lying this view, was the idea that as the human
species — and its ancestral forms — became more
sophisticated, intelligent or simply better adapted,
they experienced population growth, or at least main-
tained local demographic stability. However, this
stable model is inconsistent with the genetic evi-
dence and the emerging archaeological evidence. This
evidence suggests that human and hominin popu-
lations experienced major fluctuations in population
size, and that rather than being characterized by
stability, they were in fact in a permanent condition
of flux and fragility (Foley & Lahr in press). The
local level would be the starting point of this, as
communities responded to immediate adverse chal-
lenges (or failed to), ranging from resource deple-
tion, inter-group conflict, and disease. Where such
factors extended regionally, then local effects would
be amplified. The converse of this situation is expan-
sion, leading to dispersals and geographical expan-
sions of existing ranges; as resources recover, or
alternatively, when new and successful adaptive
strategies are developed, then populations may be
expected to expand very rapidly. In the latter case,
there may be interactive effects between population
collapse and population expansion.

A ‘flux and fragility’ model of prehistoric de-
mography has implications for human evolution, and
the high resolution of the Stage 3 climatic and envi-
ronmental data provides the context for testing some
of these ideas.

Stage 3 as a climatic context for human
evolutionary: events and models

The pattern of climatic change in Stage 3
Figure 14.2 is a simplification and representation of
the climatic sequence of the period from 64,000 to
15,000 years ago, based on the Atlantic Ocean core
MD95-2042, using δ18O values derived from plank-
tonic Foraminifera (Shackleton et al. 2000). The pe-
riod has been divided into 1000-year units. Although
this is more finely resolved than might be warranted,
the purpose is to summarize the main climatic trends.
The climate quality for each 1000-year period was
estimated, using a four-level scale: a) extreme cold
phases, when the planktonic values for δ18O were no
more than 20 per cent less than during the last gla-
cial maximum (LGM); b) cold phases, when δ18O
values were between 20–40 per cent less than those

at the LGM; c) cool phases, when δ18O values were
between 40–60 per cent less than LGM ones; and
d) warm phases, when δ18O values were at least 60
per cent less than at the LGM. For the most part,
each of the 1000-year units could be ascribed as hav-
ing a modal value within each of these categories;
where there were aberrant warm or cold surges or
spikes, these are indicated in the figure.

A number of points can be made about the
climate of the Stage 3 period (which are further elabo-
rated in other chapters of this book: Chapter 2: van
Andel 2003; Chapter 5: Barron et al. 2003 & Chapter
6: Huntley & Allen 2003):
1. Comparison with LGM and Holocene: Stage 3 is

clearly considerably warmer than LGM (only two
1000-year blocks approach LGM inferred tem-
peratures — 43–44 ka BP, and 63–64 ka BP). Al-
though at no point does the temperature approach
that of the Holocene, the period can be consid-
ered not just intermediate between extreme gla-
cial and interglacial conditions, but composed of
significant lengths of time of relatively warm tem-
peratures. If we look at Stage 3 as a single period,
13,000 years of its 35,000 year length (37 per cent)
are what we have defined here as warm (as op-
posed to extreme cold, cold, and cool); 8000 years
(23 per cent) are cool; 12,000 years (34 per cent)
are cold; and 2000 years (6 per cent) are extremely
cold.

2. Overall trends: As can be seen in Figure 14.2A,
there is a clear trend towards warming that stabi-
lizes between 50–35 ka BP (i.e. the warming phase
compared to Stage 4), followed by a general dete-
rioration into the LGM. As noted elsewhere in
this book, Stage 3 is really composed of two peri-
ods, an early warm phase and a colder late phase.
After 33 ka BP, there are no further warm phases.

3. Climatic variability: However, these trends mask
what is perhaps the most intriguing aspect of
Stage 3, which is its high variability. Figure 14.2B
shows the warmest and coldest phases for each
5000-year block of Stage 3. It clearly shows that
the period from 40–45 ka BP has the widest range;
it also has the largest number of different climatic
phases (Fig. 14.2C), and the most changes (Fig.
14.2D). Although no other part of Stage 3 matches
these 5000 years, the period between 40–30 ka BP

is also relatively variable, certainly compared to
Stage 2.

4. Stability and change: Beyond overall variability is
the rate of change, and by inference the degree of
stability. Using the simple classification of major
shifts shown in Figure 14.2, there are 22 phase
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changes across the 35,000-year period; in other
words, the climate seldom remains within a sin-
gle phase for more than 1000 years. Indeed, the
longest period of stability is 4000 years, which
occurs with a warm phase between 46–50 ka BP,
and a cold phase between 26–30 ka BP.

5. Interactive effects: One further point is that the
period between 46–50 ka BP has been character-
ized by the most prolonged phase of climatic sta-

bility, while the following 5000 years (45–40 ka
BP) have the greatest levels of instability. The in-
teractive effect of this combination may have been
of significance for human evolutionary patterns.

Relationship between Stage 3 scale of climatic change
and the glacial–interglacial cycle
The question is how can these characteristics of an
interstadial, in this case Stage 3, be integrated into

Figure 14.2. Simplified scheme of climatic change across Stage 3. The vertical scale in the upper diagram shows a four-
part categorization of temperatures derived from the oxygen isotope record of MD95-2042, in 1000-year units. The
darker shading shows increasingly cold conditions (see text for details). A–D in the figure shows various parameters of
Stage 3 by 5000-year units: A) overall climatic trends based on modal 18O values; B) climatic range based on
maximum and minimum 18O values; C) the number of each of climatic category found in each 5000-year period; and
D) climatic variability based on the number of changes occurring in each 5000-year period.
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the biogeographic model described before so as to
provide more sophisticated or detailed predictions
of hominin demographic change?

Some simple expectations can be outlined. First,
if full interglacial conditions are necessary to prompt
‘out of Africa’ hominin dispersals, then these do not
occur in Stage 3, even though it is a relatively warm
period. Stage 3 might thus offer a test for aridity/
humidity thresholds for hominin dispersals across
the Sahara. Second, it is clear, as shown elsewhere in
this book, that the earlier part of Stage 3 is consider-
ably warmer than the later part. If contractions and
extinctions are an expectation of colder conditions,
then the slide into more glacial conditions during
the course of Stage 3 might provide insights into
how sensitive to such changes hominin populations
are. Third, the high level of variability and oscilla-
tion between relatively warm and relatively cold
conditions, particularly in the middle parts of Stage
3, should provide an indication of the sensitivity of
hominin populations to such changes — for exam-
ple, whether they respond on a scale of 40 genera-
tions (i.e. a thousand years), or whether they are
sufficiently buffered to damp out the effects of such
rapid change. These general questions will be ad-
dressed in the remainder of this chapter, first by
considering the overall evidence for hominin disper-
sals and demography, and then by considering the
quantitative approaches that might indicate the ef-
fect of climate on later human evolution.

Palaeoanthropological and genetic evidence for
modern human expansion: tracing early modern
human demographic change

Evidence for the pattern of later human evolution
The fossil evidence suggests that the evolutionary
lineage leading to modern humans is a uniquely
African one, and that although the fossil record is
relatively poor, it is possible to trace a trajectory
from larger brained archaic forms such as Florisbad
or Ngaloba (which we would refer to as Homo helmei)
to early modern forms represented by the Idaltu and
Omo Kibbish fossils from Ethiopia (Stringer & An-
drews 1988; Lahr & Foley 1994; Stringer 2002; White
et al. 2003). Although the date of the transition be-
tween archaic and morphologically modern forms
continues to be a matter of debate, it is likely, on the
basis of the Ethiopian material, that it took place
before 150–160 ka BP, during Stage 6. No similar evi-
dence for such a transitional process is found else-
where in the world, and this is supported by abundant
palaeoanthropological and genetic evidence.

Two observations about the genetic evidence
are paramount. The first is that humans display rela-
tively little genetic variation in fast-mutating loci,
giving rise to the model that human diversity is a
recent phenomenon derived from a very small popu-
lation. Chronological estimates for when this oc-
curred vary, but there is general consensus, based
on a number of gene systems, that it was approxi-
mately 150,000 years ago. This accords well with the
first evidence for generalized anatomically modern
humans. The second is that there is greater genetic
diversity in African populations than in non-African
ones, and that the latter are a subset of the former.
This, together with the directionality of genetic
change observed in uniquely African lineages, sup-
ports the hypothesis that modern human origins lie
in Africa, on the basis that the amount of diversity in
populations is, in part, a reflection of the time over
which they have persisted. This conclusion is de-
rived from both unique phylogenies of particular
loci, such as the Y chromosome and the mitochon-
drial genome, as well as by the geographical distri-
bution of such genes in particular populations
(Watson et al. 1997; Quintana-Murci et al. 1999;
Ingman et al. 2000; Underhill et al. 2001).

During Stage 5 there is more widespread evi-
dence for modern humans (Foley & Lahr 1997; Klein
2000). Within Africa, the fossil evidence from Klasies
River Mouth shows that if the original population
was in northeastern Africa, by this time descendent
groups had expanded to the Cape. Archaeological
evidence in the form of the MSA industries scattered
over much of Africa would perhaps support this
view. Furthermore, the presence of modern humans
from at least 100,000 years ago in the Levant shows
that dispersals across the Sahara or through the Nile
had also occurred, as predicted by the biogeographi-
cal model for inter-glacial conditions. However, at
that time, no evidence for modern humans beyond
what can be considered an essentially African bio-
geographical zone has been found (Lahr & Foley
1998).

This is consistent with the genetic data. The
rare and yet widespread distribution of Y-chromo-
some haplogroups I and II in Africa has been inter-
preted as evidence for these early dispersals. Today,
these lineages are found mostly in small, outlier
populations of hunter-gatherers throughout Africa
(Underhill et al. 2001). The mtDNA evidence also
reflects this pattern (Quintana-Murci et al. 1999).

From the perspective of demographic change,
it is clear that African hominin groups consisted of
small, isolated populations, and that these were sub-
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jected to stresses that caused significant demographic
contractions. Estimates of the size of the ancestral
population of anatomically modern humans in Af-
rica at the end of the Middle Pleistocene have been
of the order of tens of thousands of individuals. If
the populations were sub-structured, as is likely,
then total numbers may have been even smaller.
Fluctuating demographies are thus a key element in
the process of late human evolution, as implied by
the general evolutionary models discussed above.
Archaeological and chronological evidence, and even
ancient DNA results, increasingly suggest that such
fluctuating demographies probably characterized all
Pleistocene hominin groups.

Major human dispersals beyond Africa
While the earlier phases of modern human origins
and dispersal seem to fit the general models pre-
sented earlier, it is clear that expansion beyond the
African biogeographic zone had not occurred prior
to the onset of Stage 4. Neither genetic evidence
based on coalescence estimates, nor archaeological
evidence, would suggest a greater geographical range
for the earliest modern humans. Some caution has to
be expressed on this point, as it is possible that later
extinctions of modern human populations outside
Africa may have erased the genetic evidence, and
little work has been done in key areas such as Saudi
Arabia and India to provide good dated sequences
for the Middle Stone Age.

The earliest evidence for modern humans be-
yond Africa and the Levant comes from Australia.
Although there is some controversy concerning dates,
most researchers accept that humans reached Aus-
tralia by at least 50,000 years ago, and possibly more
than 60,000 years ago. We have argued elsewhere
that this evidence, in conjunction with genetic data,
shows that there was a separate ‘Southern Dispersal’
independent of the Upper Palaeolithic dispersals into
and across Eurasia (Lahr & Foley 1994; 1998; Foley &
Lahr 1997). Depending on a more precise chronol-
ogy of such a Southern Dispersal, it may have taken
place during the warming phase associated with the
onset of Stage 3. If this is the case, then such disper-
sals would fit the general expectations of the biogeo-
graphical model, and would suggest that the
conditions were sufficiently ameliorated to allow ex-
tra-Africa population expansion, presumably through
the Horn of Africa. This would have been a coastal,
sub-tropical expansion, in turn suggesting that it
may have been either too cold to allow hominin
populations to spread to higher latitudes, or too dry
to allow crossing the Sahara. On the other hand, if

the very earliest proposed Australian dates prove to
be correct (Roberts et al. 1994), then it would mean
that the Southern Dispersal occurred against the
directionality of the model. As we shall discuss later,
this contrast between biogeographical expectation
and archaeological evidence may indicate over-rid-
ing human behavioural capacities.

The spread of modern humans into Eurasia (Fig.
14.3) is generally associated with the Upper Palaeo-
lithic. Although there are some indications of sites
with Upper Palaeolithic industries occurring very
early, most of the evidence suggests that major ex-
pansion occurred after 45,000 years ago, with dis-
persal across Europe taking place up to 30,000 years
ago, and across central and eastern Asia somewhat
later (Torroni et al. 2000; Ke et al. 2001; Underhill et al.
2001).

The key point to stress is that these dispersals
occur against the trend of climatic change. Although
the period concerned is relatively warm compared
to the LGM, nonetheless the overall direction of cli-
matic change is towards colder conditions. In other
words, as noticed by many before, the Upper
Palaeolithic dispersals do not conform to the predic-
tions of the general biogeographic model.

It is possible that the apparent lack of fit be-
tween the evidence for human Eurasian dispersals
and the climatic evidence is the result of a mismatch
of scale. As mentioned before, Stage 3 was character-
ized by high variability, with periods of relative
warmth oscillating with colder phases on a scale of
one thousand years or even less. It could therefore
be that modern human behaviour allows Upper
Palaeolithic populations to respond sufficiently fast
to allow geographical expansion after very short-
term climatic amelioration, and thus to disperse into
Europe in a more interrupted manner, with bursts of
expansion during the short warmer phases, inter-
rupted by colder contractions or even extinctions.
The alternative to this model is that the pattern of
modern human dispersal into Europe is not influ-
enced by climate, but either by the behavioural char-
acteristics of modern humans, or the nature of the
competitive interactions with the local European
Neanderthals.

In the next section we will consider these possi-
bilities by using the archaeological evidence com-
piled by William  Davies as part of the Stage 3 Project
(Chapters 3 & 4: van Andel et al. 2003a,b) as a proxy
for human dispersals at a fine-grained chronological
level, and by exploring whether it is possible to meas-
ure the interaction between human demography and
climate during Stage 3.
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Figure 14.3. Multiple dispersals and contractions of early modern humans. The top figure shows the early southern
dispersals in Stage 4; the middle figure shows the Stage 3 Eurasian dispersals; in Stage 2 (bottom figure) the
contraction and fragmentation of the human population is shown. See text for full discussion.
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Measuring the impact of climate on human
dispersals

In order to examine the relationship between cli-
matic variables and the number of Middle and Up-
per Palaeolithic sites in Europe, the raw δ18O data
from the marine core MD95-2042 (Shackleton et al.
2000) were used.

Although the Stage 3 Archaeological Data Base
contains dated occurrences of Upper Palaeolithic
(UPal) sites in Europe as early as between 65–60 ka
BP, the first clear evidence of UPal sites occurs after a
period of stable and relatively warm climate (be-
tween 55 and 48 ka BP), when the number of Middle
Palaeolithic (MPal) sites decreases considerably. The
following period, between 45–40 ka BP, witnesses the
growth of UPal sites, but also of MPal ones (Chap-
ters 3, 4: van Andel et al. 2003a,b & Chapter 8: Davies
& Gollop 2003) (Fig. 14.4).

The extent to which European hominin popu-
lations were sensitive to some aspect of climatic con-
ditions (temperature, variability, etc.) was addressed
at three levels: 1) through the overall number of
sites, regardless of whether they were Middle or
Upper Palaeolithic; 2) Middle Palaeolithic (and pre-
sumably Neanderthal); and c) Upper Palaeolithic
(and presumably modern human). The Châtelper-
ronian and other ‘intermediate’ sites were treated as
Middle Palaeolithic. A number of climatic variables
were generated from the δ18O data, namely: average
δ18O values for 1000-, 3000- and 5000-year periods;
maximum and minimum, as well as amplitude of
δ18O values in the same periods; absolute and rela-
tive difference of δ18O values between units (1000-,
3000- or 5000-year long); or transformed into cat-
egorical measures of relative climatic quality, or sta-
bility of rate of change. Available evidence from Stage
4 (as existent in the Stage 3 Archaeological Data
Base) was included in the analyses. The approach
we adopted was to treat the archaeological and cli-
matic data statistically rather than historically, and
thus explore hypotheses relating to the measurable
influence of climate on hominin populations.

Middle and Upper Palaeolithic sites in Europe during
Stage 3
Average 18O values/1000 years, extreme negative
and positive δ18O values/1000 years, or amplitude of
18O values/1000 years do not account for the varia-
tion in the number of archaeological sites in Europe
between 73 and 23 ka BP (insignificant cubic regres-
sions). However, a cubic regression of number of
archaeological sites through time is extremely sig-

Figure 14.4. Number of archaeological sites from the
end of Stage 5 to the beginnings of Stage 2. The number
of sites attributable to Middle and Upper Palaeolithic are
also shown (top). Number of sites over time, and the
cubic regression derived from these data are shown in the
bottom graph.

nificant (F = 181.19936, p <0.001), with an r2 of 0.88089
(Fig. 14.4). In other words, the main predictor of the
number of archaeological sites is time itself; between
73–23 ka BP, one can predict with 88 per cent accu-
racy the number of archaeological sites in Europe
(both Middle and Upper Palaeolithic) for each 1000
year time period. At this time scale, there is no rela-
tionship between climate and number of archaeo-
logical sites.

Total number of sites

Upper Palaeolithic

Middle Palaeolithic

observed
cubic
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The role of time in explaining the number of
archaeological sites highlights the historical nature
of the observed change — there is a cumulative ad-
dition of sites. However, it could be that climate is
affecting the rate of accumulation, and that the 12
per cent variation not explained by time itself can be

accounted for by climatic change. In order to test
this, the residuals of the cubic regression between
number of sites and time were tested against the
climatic variables. No significant relationship or pat-
tern was found between these, i.e. climate does not
seem to explain the overall increase in number of
archaeological sites in Stage 3 Europe, nor the ob-
served fluctuations in numbers relative to the gen-
eral trend over time.

Middle and Upper Palaeolithic sites in Europe during
Stage 3
It may be that the observed relationship with time
conflates different patterns for the Middle and Up-
per Palaeolithic. The number of Middle Palaeolithic
sites in Europe during Stage 3 is very variable, but
can be described overall as progressively larger up
to ~37 ka BP, and declining subsequently (Fig. 14.5).
These generalizations, however, are marked by pro-
nounced departures, particularly in the intervals of
66–65 ka BP, 54–49 ka BP, 44–43 ka BP, 38–36 ka BP, 34–
33 ka BP, and 32–31 ka BP. The most significant of
these periods in terms of the duration of the effect is
clearly the 54–49 ka BP interval.

However, again, no strong statistical relation-
ship between climatic variables and Middle Palaeo-
lithic sites can be demonstrated. An analysis of the
number of Middle Palaeolithic sites in Europe be-
tween 73–37 ka BP shows a strong relationship with
time (Fig. 14.5) (F = 29.74072, p <0.001, r2 = 0.60839
(cubic regression). In other words, the more recent
the period (between 73 and 37 ka BP), the larger the
number of Middle Palaeolithic sites that can be ex-
pected (with a 61 per cent accuracy).

We also considered whether, once time was
taken into account, there was a relationship between
the number of Middle Palaeolithic sites and climatic
variables. Using the same approach as above, the
residuals of the cubic regression were tested against
the climatic variables. The results obtained show that
there is no relationship between δ18O values (1000-
year averages, maximum or minimum). There is,
however, a weak relationship between amplitude of
18O values in 1000-year intervals and whether there
are too few or too many Middle Palaeolithic sites in
1000-year intervals as predicted by age (between 73
and 37 ka BP). The smaller the amplitude of climatic
change, the smaller the residual values (i.e. the closer
to expected by age). In other words, the greater the
degree of climatic variability in 1000-year periods,
the greater the probability of affecting the historical
trend of increase in number of sites (r2 = 0.17214, F =
3.64, p <0.05). These data therefore show some evi-

Figure 14.5. Number of Middle Palaeolithic sites over
time (top). There is a marked trend towards increased
numbers prior to 38 ka BP, and a decline after that time.
Major departures from that trend are indicated by stars.
The pattern indicates that Neanderthal populations may
have been subject to fluctuations within the general
trends. The increase in number of sites prior to 38 ka BP

is best described by a cubic relationship (shown in
bottom graph, see text for details).
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dence that Neanderthal populations were adversely
affected by the amount of climatic change.

In the period between 37 and 23 ka BP, the tem-
poral distribution of Middle Palaeolithic sites is best
described by a linear decrease (F = 9.83, p <0.01; r2 =
0.472). Although this historical trend can only ac-
count for 47 per cent of the variation in number of
Middle Palaeolithic sites observed (and indeed, the
majority of 1000-year periods have either too many
or too few sites in relation to the number predicted
by the historical trend), none of the climatic vari-
ables correlates significantly with the residual data
(with δ18O: r2 = 0.392, p >0.05; negδ18O: r2 = 0.293,
p >0.05; posδ18O: r2 = 0.4.22, p >0.05; amp18O: r2 =
–0.133, p >0.05).

We also examined whether the residual vari-
ance in number of sites during this period was re-
lated to the increase in the number of Upper
Palaeolithic sites, but no such relationship was found
(r2 = 0.088, p >0.05). Multiple regression analyses
including both climatic variables and number of Up-
per Palaeolithic sites also failed to explain residual
Middle Palaeolithic temporal distributions

Upper Palaeolithic sites in Europe during Stage 3
We carried out the same set of analyses on the Upper
Palaeolithic data set. As mentioned before, although
there are a few archaeological sites in Europe de-
scribed as containing Upper Palaeolithic material
culture before 48 ka BP, these really become an actual
demonstrable demographic phenomenon after this
date (Fig. 14.6). Again, cumulative increase through
time is the primary relationship. A cubic positive
relationship best explains mathematically the pro-
gressive increase in the numbers of Upper Palaeo-
lithic sites in the period between 57 ka BP (when they
are absent) and 24 ka. This is a highly significant
relationship (F = 120.17894, p <0.0001) that explains
more than 88 per cent of the variance in the data (r2 =
0.88164).

The analysis of the residual data fails to find
any correlation with either the climatic variables (18O:
r2 = 0.03, p >0.05; neg18O: r2 = 0.053, p >0.05; pos18O: r2

= 0.114, p >0.05; amp18O: r2 = 10.193, p >0.05), or with
the total or partial residual data of number of Mid-
dle Palaeolithic sites through time (with Middle
Palaeolithic residuals: r2 = 0.104, p >0.05; with Mid-
dle Palaeolithic residuals up to 37 ka BP: r2 = 0.245, p
>0.05; with Middle Palaeolithic residuals from 37 ka
BP: r2 = 0.111, p >0.05).

We also examined the data to see whether any
climatic effects are lagged due to the time it takes a
population to respond. Neither the actual number of

Figure 14.6. Number of Upper Palaeolithic sites over
time, compared to the residual values of Middle
Palaeolithic sites (top). Upper Palaeolithic sites increase
over time after 57 following a cubic pattern (bottom).

sites, however, nor residual number of sites through
time, correlate with lagged 18O values by 1000 years,
or with the difference in 18O values from 1000-year
period to the next. There is, however, a weak rela-
tionship between categories of difference between
δ18O values (i.e. whether the difference in 18O values
from one 1000-year period to the next was less than
–0.5, between –0.5 and +0.5, and greater than 0.5)
and the total (F = 3.613, p <0.05) and residual (F =
3.610, p <0.05) number of Middle Palaeolithic sites.

observed
cubic

Relative number of 
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In other words, a very high degree of climatic change
did have some, albeit very small, effect on numbers
of Middle Palaeolithic sites. As before, we observed
that the number of Middle Palaeolithic sites in Eu-
rope was weakly affected by departures from cli-
matic stability.

All analyses were repeated at 3000-year units
(not shown), and a similar lack of association be-
tween archaeological demography and climatic
change was observed.

Discussion and conclusions

The role of climate in modern human Eurasian dispersals
The analyses presented above, as well as those in
other parts of this book (Chapter 4: van Andel et al.
2003b; Chapter 8: Davies & Gollop 2003) suggest
that although it is clearly the case that Europe was
colonized by modern humans during a period that
was warmer than either the preceding Stage 4, or the
succeeding Stage 2, and therefore broadly consistent
with a model of Eurasian expansions associated with

Figure 14.7. Expected and observed numbers of archaeological sites for different phases of Stage 3. The vertical axes on
the graphs show latitudinal bands, and the horizontal axes the percentage of archaeological sites at each of those bands.
The graphs show successive chronological periods, from earlier to younger. The white bars on the histograms are
expected numbers of sites based on the total archaeological distribution; the black bars are the observed number.
According to the hypothesis (see text), observed sites should exceed expected in the preferred refugia during cold
periods, and expected should exceed observed in the expansion zones during cold periods. In warmer periods this
should be reversed. The data shown support this hypothesis.

warmer climates, nonetheless the data do not fit the
general evolutionary model when applied at this
high resolution level.

There are a number of methodological reasons
why this may be the observed result. The obvious
ones relate to the nature of the archaeological record
and date-based data sets (Housley et al. 1997; Chap-
ter 3: van Andel et al. 2003a). The archaeological
record is far from perfect, with taphonomic distor-
tions occurring at all levels. It may therefore be that
the results described are a sampling artefact. Fur-
thermore, the early periods of Stage 3 are notori-
ously difficult to date, and the later periods are subject
to calibration problems that have yet to be resolved.
Again, therefore, the results may be an artefact. In
addition it could also be the case that the resolution
of the archaeological data set simply does not meet
that of the climatic record.

More subtly, it could be that there are strong
geographical patterns in the data which have not
been explored here, and these are masked by the
total sample (see Chapter 8: Davies & Gollop 2003).
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Finally, the analyses here use raw data, rather than
smoothed time series, which may be a means of
revealing hidden patterns.

While all these may be factors that explain the
results, and are certainly worth further investiga-
tion, nonetheless if the observed patterns are not
artefacts of the data and analyses, it is necessary to
consider what their interpretation could be in terms
of the early European dispersals of modern humans.
Why might both the expansion of modern humans
and the decline of the Neanderthals not be associ-
ated strongly with the fine-grained climatic changes
of Stage 3?

The answer may lie in the interaction between
the behaviour of the hominins and the geographical
patterns. Let us suppose that in warmer periods
hominin populations increase and so expand, result-
ing in dispersals into Europe, and further within
Europe dispersals. When conditions become more
difficult, those populations contract and either sur-
vive in a few refugia, or else become extinct. When
conditions become better then, there will again be
expansions out of any refugia. This, in effect is the
evolutionary geography model described at the out-
set. However, the archaeological signature of this
process will not be simple. These areas where there
were refugia will show a relatively constant pres-
ence of humans, while only in those areas where
humans could survive only in relatively warm con-
ditions would there be a signal of flux and fragile,
temporary populations. The overall signal of such
flux would therefore be smothered by the ‘noise’
from the refugia.

We tested this hypothesis by considering the
distribution of archaeological sites in latitudinal sec-
tions in Western Europe (Fig. 14.7). Using the ar-
chaeological data base (up to +10° longitude), the
expected number of sites per latitudinal unit (2° units)
for 5000-year periods between 70–20 ka BP was cal-
culated. This was then compared to the observed
number of sites. The data support the proposal that
there is indeed a refugium where site numbers are
greater than expected during colder phases, and
lower than expected during warmer phases. Second-
ary refugia can also be identified. Conversely, areas
that have few or no sites during colder periods have
higher than expected numbers during the warmer
periods. A X2 test showed that there is a significant
difference between expected and observed sites at
each latitude during 5000-year intervals (X2 = 236.45,
p <0.001). This was the case whether all sites were
treated together, or whether modern humans and
Neanderthals were treated separately. The refugium

zone lies in the latitude 43–45°, which is consistent
with the view that the southwest of France was an
area where populations could be sustained during
colder periods.

The link between human population history
and the dynamism of the Stage 3 environment is
thus complex, and is at least partially explicable in
the context of a model of flux and fragility of hominin
demography, and in the context of populations be-
ing confined to refugia in colder periods and ex-
panding in warmer periods, thus giving rise to
separate archaeological signatures. The various pe-
riods of Stage 3 can thus be categorized in terms of
the percentage of archaeological sites confined to
particular latitudes, and this can be related to time
and temperature. Figure 14.8 shows that the end of
Stage 4 has a high percentage of sites in the pre-
ferred latitudinal zones of the refugia; the bulk of
Stage 3 shows a decline in that percentage, with a
return towards a tighter latitudinal banding in Stage
2. The fact that it did not return to levels seen in
Stage 4, however, may indicate the difference in adap-
tive tolerance of modern humans compared to
Neanderthals.

To this more complex model, with its recogni-
tion of the difference between refugia and expansion
zones, a further important idea can be added. When
looked at in the broad context of human evolution in
the Pleistocene, it appears more probable that
hominins did not survive in many refugia during
glacial periods, and therefore the signal of the
Pleistocene dispersals is stronger. Two things, how-
ever, make the period of Stage 3 more complex. The
first is that the climate itself seems to have been less
extreme, probably allowing more refugia to retain
populations. And second, the adaptations of both
modern humans and Neanderthals may have been
such as to allow them to be more buffered to these
changes than was the case for earlier hominins such
a Homo heidelbergensis and Homo erectus/ergaster (see
Chapter 13: Stringer et al. 2003 for a discussion).
Much has been made of differences between Nean-
derthals and modern humans, and indeed there must
have been major adaptive differences, but these
analyses show that there is also an overarching simi-
larity in direction if not intensity of demographic
response among all later Pleistocene hominins in
Europe.

Integrating genetic evidence
Given the difficulties in applying quantitative tech-
niques to the analysis of archaeological data, it might
be thought that the evolutionary genetics evidence
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may provide a better approach. Certainly recent re-
search in this field has provided key insights into
patterns of human dispersals, and the chronological
and geographical resolution of these is improving
all the time. At this stage, however, it is unlikely that
genetic data can resolve the fine-grained questions
about human–climate relationships prompted by the
results of the Stage 3 Project. While the resolution on
chronometric estimates of archaeological and fossil
data during Stage 3 might typically have confidence
limits of approximately ±1500 years, the confidence
limits for coalescence estimates and for the age of
demographic expansions might be in excess of 5000
years. In other words, while we might be comfort-
able in placing the earliest genetically-observable
demographic expansion of humans in Europe at
around 50,000 years ago (as a maximum estimate),
in practice this is actually an estimate lying between
60,000 and 40,000 years ago. Phylogeographic meth-
ods can generate important hypotheses about possi-
ble correlations with the archaeological record (see
for example Underhill et al. 2001), but they cannot be

used to test detailed chronological hypotheses.

Conclusions
In recent years both palaeoanthropologists and evo-
lutionary geneticists have converged on a model of
later human evolution in which dispersals, initially
from Africa, but also more generally, are seen as a
major mechanism for evolutionary change. As we
have discussed here, this model is also consistent
with the way in which evolutionary biologists have
been thinking about processes of change. While ge-
netics offers important insights into the history of
human distribution and demography, at present it
does not have the resolution to link events to the
fine-grained environmental record available.

Multi-disciplinary approaches, such as the Stage
3 Project, offer a way forward. We have shown here
that the relatively warmer environments of the Stage
3 phase of the last glacial fit a general model of
hominin population expansions in relation to cli-
matic change. Nonetheless it is currently not possi-
ble to show that such expansions were fine-tuned to

Figure 14.8. Percentage of sites in latitude 43–45°, the refugial band. In late Stage 4 the Neanderthals are confined to
this latitude to a very large extent; both warming during Stage 3 and the arrival of modern humans reduces this
compression effect. Climatic cooling in at the end of Stage 3 reverses this trend, presumably associated with changes in
modern human distribution and the extinction of the Neanderthals. Numbers (k) refer to thousand-year time intervals.
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the climatic variability of the time. In general terms,
it is possible to show that both modern humans and
Neanderthals had the capacity to cope better with
colder environments than their predecessors, and
thus appear to be buffered in some ways. This sup-
ports the ideas developed elsewhere in this volume
of the importance of refugia in maintaining popula-
tion continuity through time and promoting intense
competitive circumstances. Further work, however,
is necessary to be able to discriminate statistically
the demography of refuge areas and expansion zones.

Finally, we have attempted in this paper to ex-
ploit the high level of inter-disciplinarity and the
development of quantified data bases that have been
promoted by the Stage 3 Project. As palaeoanthro-
pology matures, we can expect not just better and
better resolution in the environmental, chronologi-
cal and archaeological data, but also a response on
the part of palaeoanthropologists to use quantitative
techniques and formal models to analyze evolution-
ary issues.
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