
Demography and Cultural Innovation: a Model and its
Implications for the Emergence of Modern Human Culture

ers, without committing ourselves one way or the
other as to their effect on biological fitness. Never-
theless, the idea that some innovations will be less
attractive to imitate and others more so, while some
make only a marginal difference to existing options,
seems a reasonable one.

The specific aim of this article is to explore the
consequences of innovations in small populations of
the kind that prevailed in the world until the advent
of agriculture, and which must have provided the
context for the evolution of human culture. The model
presented here focuses on the processes involved in
the transmission and change of craft traditions, such
as stone tool production. It is primarily innovation
in such traditions that defines the cultural expan-
sions of the last 50,000 years and makes them an
archaeologically visible phenomenon. This focus on
craft traditions has other implications, however, since
it is increasingly clear that the transmission of craft
traditions, as opposed to other kinds of information,
has its own specific characteristics. By and large, in
traditional societies craft traditions are passed on
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In recent years there has been a major growth of interest in exploring the analogies
between the genetic transmission of information from one generation to the next and the
processes of cultural transmission, in an attempt to obtain a greater understanding of how
culture change occurs. This article uses computer simulation to explore the implications of
a specific model of the relationship between demography and innovation within an
evolutionary framework. The consequences of innovation appear far more successful in
larger populations than in smaller ones. In conclusion, it is suggested that the model has
major implications for the origins of modern human culture in the last 50,000 years,
which may be seen not as the result of genetic mutations leading to improved cognitive
capacities of individuals, but as a population consequence of the demographic growth and
increased contact range which are evident at this time. It is also proposed that the model
may be of general relevance for understanding the process of cultural evolution in modern

and pre-modern humans.

The processes of cultural innovation and transmis-
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sion are analogous in many respects to genetic mu-
tation and transmission (Cavalli-Sforza & Feldman
1981; Boyd & Richerson 1985). Some genetic muta-
tions produce deleterious effects on fitness and oth-
ers produce beneficial ones. Where individuals are
at high levels of fitness, mutations are likely to be
deleterious; where they are much less fit, mutations
are much more likely to be beneficial. A substantial
proportion of mutations, however, will only make a
slight difference one way or the other. It seems at
least plausible that cultural innovations operate in a
similar manner to genetic mutations. Some are likely
to have a positive effect on the biological fitness of
their bearers, others a negative effect, while the ma-
jority will make little difference. In the case of cul-
tural innovations, however, the situation is rather
different. Because cultural traits can be transmitted
obliquely (by non-parents of the parental genera-
tion) and horizontally (between peers), independ-
ently of genes, we can also talk about the desirability
of innovations in terms of their attractiveness to oth-



6

Stephen Shennan

from a parent to the same gender offspring once a
generation during childhood (Shennan & Steele 1999);
they are only very rarely learned from peers although
they may be learned from same gender adults who
are not parents. Any given craft will have a variety
of different aspects which may be susceptible to in-
novation and at least some of which have greater or
lesser biological fitness consequences, and/or greater
or lesser attractiveness as models to be imitated,
whether or not this attractiveness has any bearing on
biological fitness (see below for a discussion of this
issue). In a traditional society, men and women are
likely to practise a variety of different crafts. Thus,
any individual will have a range of cultural attributes
that are potentially subject to the cultural equivalent
of fitness-altering mutations, in the sense that they
have an effect on the biological fitness consequences
of the attribute in question and/or on its attractive-
ness as a trait to be imitated.

The model

The model of cultural evolution used here is
adapted from one developed by Peck and col-
leagues (Peck et al. 1997) to explore the relative
benefits of sexual and asexual reproduction.1 These
authors constructed a model of mutation based on
the ideas of R.A. Fisher (1930). The model allows
for both beneficial and deleterious mutations, and
mutant effects are biased so that there is a correla-
tion between the state of an allele prior to muta-
tion and its post-mutation state. Furthermore, in
this particular version of the Fisherian mutation
model, a substantial fraction of mutations produce
a very small change in fitness.

The aim here is to use Peck et al.’s model to
explore the effect of cultural ‘mutations’ (innova-
tions) on the fitness and cultural attractiveness of
human populations, in relation to the size of those
populations. The model required two main modifi-
cations in order to make it appropriate for modelling
cultural evolution. First, the transmission process
was altered so that ‘haploid’ transmission from one
‘cultural parent’ to one ‘cultural offspring’ was the
only possibility, in contrast to the diploid transmis-
sion of sexual reproduction. Second, it was modified
so that the cultural parent need not be the biological
parent, in other words, so that transmission could be
oblique.

The oblique transmission model and its results
are described further below. The initial model was
based solely on haploid, one parent to one offspring,
inheritance.

The simple model
Let L represent the number of craft-technique attributes
possessed by an individual that are potentially sub-
ject to the cultural equivalent of fitness-altering mu-
tations. That is, L is the number of attributes or traits
of an individual’s set of techniques that are subject
to selection. A multiplicative model of fitness deter-
mination is assumed, which makes it possible to
assign a selection coefficient to each possible alter-
native technique (or attribute state). In this simple
version of the model without oblique transmission,
selection refers specifically to biological natural se-
lection, since the only way in which a specific tech-
nique can increase or decrease in frequency is through
its effect on the reproductive success of its bearer.

It is assumed that the state of each of an indi-
vidual’s L attributes can be represented by a real
number x, where

–∞ < x < +∞

It is assumed further that the optimum state for each
attribute is achieved when x = 0. Let di,j represent the
absolute value of the deviation from the optimum
state of the version of the ith attribute in the jth adult
for a particular generation (i.e. dij =  x ). Let Dj repre-
sent the sum of these deviations for the jth adult. That
is:

Dj =       dij

Let wj represent the fertility (and thus the fitness) of
the jth adult during a particular generation, relative
to an adult with the notional optimum set of tech-
niques (This is one for which x = 0 for all L attributes
under selection). The value of wj is assumed to de-
pend on Dj as follows:

wj = exp (– Dj)

To make the multiplicative nature of the model more
apparent, this can be re-written as:

wj =         [exp(–dij)]

The model starts with a perfectly fit population. Cul-
tural transmission occurs, with the parental value of
a cultural trait being passed on to its offspring. In the
course of transmission innovations can occur, which
can be either beneficial or deleterious. The probabil-
ity that any given attribute state adopted by an off-
spring will have just undergone an innovation is
represented by µ, the attribute innovation rate. An
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innovation is assumed to change the value associ-
ated with an attribute by an amount m, such that the
innovated value of the attribute is given by x = m +
x*, where x* is the value of x that would have been
associated with the attribute if no innovation had
occurred (i.e. x* is the parental value of x for the
attribute in question).

The effect of the innovations on fitness is mod-
elled by a ‘reflected gamma’ distribution with shape
parameter 1/2. As Figure 1 shows, the shape of the
distribution is such that the majority of innovations
have very little effect, while some have a significant
one. The probability density function (f(y)) for the
reflected gamma distribution used in this article is
given by:

                       f(y) =

The entire distribution is symmetrical about zero, so
the expected value of m is zero. For the multiplica-
tive model was set at a 24.253. This ensures that
innovations to near-perfect attributes will decrease
fitness by about 2 per cent, and that the coefficient of
variation in fitness is about 18 per cent.

Any innovation that causes the trait value to
move away from zero, whether in a positive or nega-
tive direction, is deleterious. Under the above set of
assumptions, innovations are bound to be deleteri-
ous initially, but as the process of transmission pro-
ceeds and the population becomes less fit, the
probability that the innovations will be beneficial
increases. In other words, there is a greater probabil-
ity that an innovation will move the trait value to-
wards zero rather than away from it. Eventually the
process reaches a stationary distribution, with ben-
eficial and deleterious mutations having equal ef-
fects. A mean and standard deviation for the fitness
value are obtained from a given number of genera-
tions once stationarity has been reached. These
fitnesses can be compared for various combinations
of the parameters of interest.

Parameter values
Unfortunately, there is very little to go on as far as
specifying parameter values for modelling cultural
evolution is concerned. In the case of the fitness/
attractiveness effect of innovations, Peck et al.’s (1997)
value has been followed. This is based on genetic
data which suggest that mutations decreasing fit-
ness by 2 per cent are common. Accordingly, the
distribution of ‘fitness’effects is parameterized so that
the average effect of a ‘mutation’ to a ‘perfect’ trait is
to decrease ‘fitness’ by 2 per cent.

Similarly, the number of craft attributes (L) ca-
pable of being affected by fitness-altering innova-
tions is unclear. Taken across the range of crafts that
an individual would have had to learn (cf. Hewlett
& Cavalli–Sforza 1986), however, the lower limit
seems unlikely to have been very small. An upper
limit is much harder to set. We have arbitrarily se-
lected a value of 100 for the purposes of this article.
Experimentation with other values produced quali-
tatively identical results.

Next we have to consider the value of µ, the
attribute state innovation rate. Biologically realistic
ones for genetic mutations lie in the range 10–9 – 10–5.
Rates of innovation in cultural traits relating to craft
traditions, however, are unknown. We have taken
the view that they are likely to be markedly higher
than those for genetic mutations and have experi-
mented with rates of 0.01, 0.05 and 0.1. In other
words, to take the last of these as an example, we
have assumed that there is a 1 in 10 probability that a
mutation will occur in a trait per generation. Thus, if
there are 100 attributes, an individual will be charac-
terized by an average of 10 innovations per genera-
tion.

Since the object of the simulations is to investi-
gate the effect of population size on the extent to
which cultural innovations are advantageous, the
simulations run the model for different population

a1/2e–a y  y –1/2

2Γ(1/2)

Figure 1. The distribution of m used in the simulation
studies. This is a reflected gamma distribution (see text).
The value of a is set to 24.253. This ensures that the
average selection coefficient associated with a perfect
allele (x = 0) that has undergone a single mutation is
s = 0.02.
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sizes and look at the effect on the mean fitness of
population members. The populations concerned are
envisaged as groups of regularly interacting indi-
viduals. The size of the population was varied from
5 to 105 in increments of 10. As we show below,
population effects had tapered off considerably by
the time the 105 value had been reached (although
the precise point at which they will taper off is a
function of the number of attributes — the greater
the number of attributes, the higher it will be: Peck
pers. comm.).

It is extremely important to understand that we
are not talking about the total number of individuals
in the interacting group, N, when we refer to the
population size, but to a notional value of roughly
N/4, which may be considered to represent the ef-
fective population size. That is to say, population
size here refers to the number of individuals in a
given generation who are ‘cultural parents’ in the
sense described above: either mothers passing on
their craft techniques to their daughters, or fathers
passing on their techniques to their sons. If we as-
sume an equal ratio for the sexes and that roughly 50
per cent of the population at any given time are sub-
adults, then an N/4 value of 5 corresponds to a
population size of 20, which is, if anything, rather large
for the size of a minimal hunter-gatherer group.

Initialization, data collection and descriptive statistics
Simulation trials were initialized by generating an
effective population of N/4 individuals (where N
refers to the total number of individuals, adults and
children of both genders, in the population), each of
which had a ‘perfect’ set of cultural traits. For each
individual in each generation the values of its at-
tributes are reproduced with a certain probability of
innovation taking place. As noted above, because
the population starts off at perfect ‘fitness’, the ini-
tial effect of all innovations is deleterious and the
population fitness decreases, but eventually station-
arity is reached for a given combination of param-
eters. Before the main simulations were carried out,
trials were undertaken to establish the number of
generations required to reach stationarity; this var-
ied depending on the precise combination of param-
eters. The initial non-stationary population ‘fitness’
values were discarded and ‘fitness’ statistics only
calculated for the last n thousand equilibrium gen-
erations.

The key statistics of interest to us concern fit-
ness. Mean fitness is represented by w–. The value of
w– for a particular generation was calculated by aver-
aging the wj values over all the N/4 adults present

during that generation (i.e. in terms of our model of
same gender transmission, the number of adults of a
given gender). Thus we have 0 < w– < 1.

Despite the lack of directional change once
stationarity has been reached there is still consider-
able variation over time from one generation to the
next, in w–, especially for the small population sizes.
Therefore we calculated w––g : the geometric mean of
the w– values for those generations of the trial after
stationarity had been reached. The geometric mean
is preferable in this case because, unlike the arithme-
tic mean, it will always give values which scale con-
sistently with reproductive success (see Peck et al.
1997).

Results
The results of the simple parental transmission model
for mutation rates of 0.01, 0.05 and 0.1 are shown in
Figure 2a–c. It is apparent that there is a major in-
crease in culturally-based mean biological fitness as
population size increases. Between N/4 = 5 and N/4
= 50, where the increase in fitness begins to level out,
the equilibrium geometric mean fitness value of the
population increases by around four orders of mag-
nitude, or 10,000-fold, even though the population
size increase across this range is only 10-fold. Of
course, the increase is greatest in the range N/4 = 5
to N/4 = 15 (corresponding to group sizes of 20–60
on the assumptions made above). Over this range
the geometric mean fitness of the population in-
creases by around 1000-fold. From N/4 = 25 to N/4
= 85 the rate of increase in geometric mean fitness
with increasing population size is linear and much
lower, but still results in a 4–5 fold increase over the
range.

This is true for all three mutation rates selected.
In other words, in larger populations there is a far
greater probability of fitness-enhancing innovations
being maintained in the population and deleterious
ones being deleted, entirely as a result of the de-
creasing role of sampling effects as populations get
bigger.

The modified model: introducing oblique transmission
It was suggested earlier, following Shennan & Steele
(1999), that although craft activities in traditional
societies are generally learned by children/adoles-
cents from the same gender parent, sometimes they
are learned instead from other adults. The object of
this modified version of the model is to explore the
implications of this fact for the relationship between
population size and culturally-based biological fitness
derived from the initial model. The introduction of
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Figure 2. The results of the simulations using the simple
model of one parent to offspring inheritance without
oblique transmission. The horizontal axis represents
effective population size, defined here as N/4, where N is
total population size (see text). The vertical axis
represents population geometric mean fitness. For all
simulations L (the number of craft attributes) = 100; a
(the gamma distribution parameter) = 24.253 (see Fig.
1). 2a–c Innovation rates 0.01, 0.05 and 0.1 respectively;
above, log scale; below, linear scale.

oblique transmission raises a major substantive issue.
In the simple model there is a direct link be-

tween biological and cultural success. Since cultural
attributes are only transmitted from parents to off-
spring, the only way that a specific cultural trait will
spread through a population is if its bearers are
reproductively more successful than others; hence
‘fitness’ can be interpreted in the strict biological
sense of Peck et al.’s original model. The way in
which the terms of the model translate into a situa-
tion where this link is broken, or at least weakened,
must now be considered.

Let us imagine a case where an individual does
not learn from their biological parent but from a
randomly selected nearby adult, or from that adult
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among those nearby who seems most desirable in
some respect as a model. In such cases the ‘cultural
fitness’ of an adult individual with a certain set of
traits will be based on a combination of their repro-
ductive success (to the extent that parent–offspring
cultural transmission continues to play an important
role), and their attractiveness as a model for imita-
tion. Boyd & Richerson’s (1985) concepts of directly
and indirectly biased cultural transmission provide
a basis for conceptualizing variation in attractive-
ness in this context. In directly-biased transmission,
individuals actively compare the way a number of
potential models carry out some activity and opt for
the one they consider the best; for example, the indi-
vidual with what they perceive to be the most effec-
tive lithic-knapping technique. Indirectly-biased
transmission describes the case where individuals
take someone as a model in some activity or practice
because they regard that person as generally prestig-
ious in some way and thus as a model to be fol-
lowed. In both cases the criteria on which individuals
select models may well be connected with reproduc-
tive success because of the nature of human evolved
psychologies; since transmission is oblique, however,
they do not necessarily have to be.

As innovations occur, there is no guarantee that
they will be found attractive by others; some will
prove to be less attractive and others more so, while
others again are considered only marginally more or
less attractive than the existing options. In other
words, our w––g values are no longer simply the mean
biological fitness values of our populations. They
represent a combination of this and the mean attrac-
tiveness of members of the population as models to
imitate. Again, we can investigate the way in which
this combined measure of biological fitness and at-
tractiveness w––g changes with population size.

Specifying the modified model
To take account of oblique transmission, the simple
model just described was modified by introducing
two new parameters. The first (z) specifies, for a
given trait, the probability that it will not be inher-
ited from the same gender parent. If z > 0, then the
individual chosen as the model is the individual
with the highest fitness/attractiveness value for that
trait of the k randomly chosen individuals specified
by the second parameter (k). Where k = 1 this re-
duces to random selection; where k = N/4 – 1 it
corresponds to the most attractive individual of the
same gender in the adult generation in the popula-
tion as a whole (excluding the parent). It seems rea-
sonable to suggest that plausible k values are likely

to be low, with individuals inspecting the small
number of available examples in the immediate vi-
cinity.

To select the most attractive member of the pool
with respect to a specific trait in this way is to enable
non-parental oblique transmission to give the maxi-
mum possible benefit to the members of the popula-
tion. In a real situation it is highly unlikely that an
individual would always be able to pick out the
most beneficial older individual to copy; after all,
this is why unreflecting imitation is so widely preva-
lent in human culture (see again Boyd & Richerson
1985). Empirically realistic results would therefore
be likely to fall somewhere in between those of the
simple model described above and those of the modi-
fied model to be described below.

Results
Figure 3a–d shows the results of running the simula-
tion for various values of the oblique transmission
rate, z = 0.05, 0.2, 0.4, 0.6. That is to say any given
trait will be taken from a non-parent 5 per cent, 20
per cent, etc., of the time. In each case, the non-
parental individual whose trait is copied is the indi-
vidual with the highest fitness/attractiveness value
for that trait, out of a randomly selected pool of five
individuals. The results show the same pattern as in
the case where transmission is solely from parent to
offspring. As population size of the interacting group
increases, the mean combined fitness/attractiveness
of the population increases; very markedly when the
population is small, less rapidly as the absolute popu-
lation size becomes larger. The rate of change also
varies, however, with the oblique transmission rate.
For z = 0.05 (Fig. 3a), when a given trait is copied
from a non-parent 5 times out of 100 on average, the
population mean fitness/attractiveness increases by
some three orders of magnitude (1000-fold) over the
range N/4 = 5 to N/4 = 25 (i.e. for a total population
size of c. 20–100), and thereafter increases by around
five times over the range N/4 = 25 to N/4 =75. For z

Figure 3. The results of the simulations using the
modified model of one parent to offspring inheritance
with oblique transmission. The horizontal axis
represents effective population size, defined here as N/4,
where N is total population size (see text). The vertical
axis represents population geometric mean fitness (w––g ).
For all simulations L (the number of craft attributes) =
100; a (the gamma distribution parameter) = 24.253 (see
Fig. 1); m (the innovation rate) = 0.05. 3a–d Oblique
transmission rates of 0.05, 0.2, 0.4 and 0.6 respectively;
above, log scale; below linear scale.
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= 0.2 (Fig. 3b), the corresponding values are approxi-
mately two orders of magnitude (100-fold) and two-
fold. For values of z = 0.4 and 0.6 (Fig. 3c–d) the
corresponding values are ten-fold and two-fold. In
other words, even though the effect is markedly at-
tenuated as the rate of oblique transmission increases,
increasing population size still makes a very big dif-
ference to the mean fitness/attractiveness of the
population, for the same sampling effect reasons as
in the simple parental transmission case. As noted
above, the cases cited in Shennan & Steele (1999; and
see also Hewlett & Cavalli-Sforza 1986) suggest that,
in general, oblique transmission rates of craft skills
are relatively low, certainly below z = 0.4. It is also
worth pointing out that oblique transmission of traits
produces its greatest gains in fitness/attractiveness,
in comparison with simple parental transmission,
when populations are small. It is presumably these
gains which led to its evolution in the first place.

In summary, the results for the modified and
more realistic model confirm those for the simple
parent–offspring transmission model. When cultural
innovation processes take place and the results are
passed on by a combination of vertical and oblique
transmission, larger populations have a very major
advantage over smaller ones. Quite simply, mem-
bers of larger populations are on average both bio-
logically fitter and more attractive as models for
imitation, by virtue of the fact that the deleterious
sampling effects present in small populations de-
cline as population sizes increase. When populations
are small, innovations which are less beneficial
reproductively and less attractive to imitate are more
likely to be maintained within them.

Finally, it is worth noting that there are two
ways in which a population can be regarded as in-
creasing. One is the obvious one of demographic
growth in a local population. The other arises when
an isolated population establishes contact with an-
other population (cf. Peck 1996; also Neiman 1995).
Both ways will produce the effects described above.

Case-study: the emergence of modern human
culture

One major problem which may be illuminated by
these results is the emergence of modern human
culture in the last 50,000 years. In the case of Europe,
Mellars (1996) notes the following characteristic fea-
tures of the transition from Middle Palaeolithic (MP)
to Upper Palaeolithic (UP):
• a shift in the technology of stone tool production

towards the production of blades;

• rapid proliferation in the forms of stone tools;
• a proliferation of new forms of bone, antler and

ivory tools;
• a much increased tempo of technological change;
• the appearance of a wide variety of forms of per-

sonal ornament;
• the appearance of the first musical instruments;
• the sudden appearance of complex forms of art.
The African Late Stone Age has been seen in a simi-
lar light as involving major innovations. It has been
assumed until recently that these cultural changes
are explicable in terms of the advent of the cognitive
capacities of modern humans. The increasing evi-
dence that modern humans originated in Africa be-
tween 200 and 100 ka (see e.g. Lahr & Foley 1998),
however, has created a problem for this assumption.
It has become apparent that a period of at least 50,000
and probably nearer 100,000 years elapsed between
the time of origin of Homo sapiens and the features
listed by Mellars. This situation is not easily explica-
ble if modern human culture was somehow a straight-
forward consequence of modern biological/cognitive
capacities.

One possible way out of this problem is to sug-
gest, as does Klein (1992; 1995), that some significant
neural mutation took place after modern humans
had developed, at some point much nearer in time to
the cultural developments of the Upper Palaeolithic
(Europe)/Late Stone Age (Africa). A major problem
with this hypothesis, as Klein himself recognizes
(1995, 188–9), is that it seems highly likely that by
the time of the putative neural mutation (c. 55 ka)
modern humans had already split into separate
populations (see below), so we would have to sup-
pose either this mutation occurred independently in
different modern human lineages, or that there was
a further world colonization wave by individuals
bearing the mutation, for which we have no evi-
dence.

It has also become increasingly clear that the
association between modern humans and the UP/
LSA archaeological features regarded as characteris-
tic of modern human culture is more complex than
was initially believed (Foley & Lahr 1997). Some of
the features which have traditionally been regarded
as part of the Upper Palaeolithic cultural complex do
actually occur in Africa in MSA contexts not long
after the origin of modern humans and in some cases
associated with modern human fossils (Lahr 1996,
288; Foley & Lahr 1997, 7; Lahr & Foley 1998, 165),
including bone harpoons (Brooks et al. 1995), the use
of red ochre for colouring and drawing (Knight et al.
1995), and blade industries (Klein 1992); indeed, the
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widespread occurrence of pre-Upper Palaeolithic
blade production has recently been strongly re-em-
phasized (Bar-Yosef & Kuhn 1999). Moreover, all the
earliest modern human fossils, whether in East Af-
rica, southern Africa or the Near East are associated
with standard MSA/MP industries (Foley & Lahr
1997; Klein 1995).

The final complication to the standard picture
is that the modern humans who colonized South-
East Asia and Australia had no UP style blade in-
dustries at all (Foley & Lahr 1997, 8), although they
had the technology to make the sea crossing to Aus-
tralia before c. 60,000 years ago (Lahr 1996, 292) and
produced rock art and practised ritual burial at an
early date.

In summary, it appears that modern humans
originated in Africa well before 100,000 years ago,
and that from an early date, at certain times and
places, they showed evidence of modern capacities
in the form of novel traits normally associated with
the UP/LSA — including bone tools, use of colour-
ing materials and blade industries. It also appears
that there were no major cultural expansions until
after 50,000 years ago, and that more, these were not
uniform across the world when they did occur. While
these expansions had biological prerequisites, in that
they could not have occurred before the advent of
modern cognitive capacities, their appearance does
not have an explanation in terms of individual ca-
pacities. If this is the case, then the explanation must
lie within some aspect of the social/cultural behav-
iour of human groups (cf. Lahr & Foley 1998, 165).
Following on from the simulation results presented
above, it is suggested here that the cultural phenom-
ena just outlined are explicable in terms of the hu-
man demographic patterns of the last 100,000 years.

Palaeolithic demography
Until recently Palaeolithic demography was ex-
tremely hypothetical to say the least, but the situa-
tion has now begun to change, as a variety of new
lines of argument have begun to emerge. Best known
of these is the advent of modern DNA-based anthro-
pological genetics. Work by Rogers, Harpending and
colleagues (Harpending et al. 1993; Sherry et al. 1994;
Rogers & Jorde 1995) on mtDNA mismatch distribu-
tions and other genetic evidence has led to the pos-
tulation of the so-called ‘Weak Garden of Eden
hypothesis’ for modern human origins. This pro-
poses that, after going through a bottleneck c. 130,000
years ago, modern human populations separated
from a common origin c. 100,000 years ago and un-
derwent a period of growth some tens of thousands

of years later, after going through a further series of
local bottlenecks (Lahr & Foley 1998, fig. 5). Views
differ on whether the initial split and expansion led
to populations moving out of Africa (Lahr & Foley
1998) or was internal to Africa only, so that it was
not until 60–80,000 years ago that a specific lineage
of probably East African origin expanded out of Af-
rica (Watson et al. 1997).

The implications of the various population bot-
tleneck scenarios which have been put forward have
recently been examined by Ambrose (1998). He sug-
gests that the cause of the bottlenecks was a simulta-
neous worldwide volcanic winter generated by the
Mt Toba eruption at c. 71 ka (1998, 632–5), immedi-
ately followed by the severe climatic conditions of
OI stage 4. This would have led to a bottleneck of
10,000 years duration, with climatic release at 60,000
years ago making it possible for populations to start
growing. Ambrose’s demographic scenario is repro-
duced here as Figure 4.

Even if the Mt Toba eruption did not have the
impact claimed, it is quite clear from recent reviews
of the evidence (Lahr 1996; Lahr & Foley 1998, 166)
that the severe conditions of stage 4 led to major
population fragmentation, including local extinctions
of early modern human populations. Ambrose’s dis-
cussion of the implications of this remains valid,
regardless of whether the process was internal to
Africa (Watson et al. 1997) or populations had al-
ready expanded beyond it.

In the light of the simulations described above,
it can be seen that the demographic decline at around
70,000 years ago would have had major cultural im-
plications. As local groups shrank or became extinct,
cultural variation would have been lost. Once groups
became small and isolated, the effect of small popu-
lation size on the results of innovation processes,
demonstrated in the simulations, would have be-
come apparent: even if cultural novelty was being
generated, levels of mean population fitness and at-
tractiveness for imitation would have remained low.

Once the severe climatic conditions of stage 4
came to an end, however, local populations would
have begun to increase. The simulations indicate that
as this happened, cultural innovations would have
become increasingly effective in leading to a major
increase in combined mean fitness and mean attrac-
tiveness as a model to imitate in those populations.
Deleterious sampling effects present in small popu-
lations decline as population sizes increase, so that
advantageous cultural change is at least as much a
consequence as a cause of increased population.

If, however, we associate the growth of cultural
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complexity with demographic ‘bounce-back’ after a
long period of severe conditions, it is reasonable to
ask why this did not happen even more quickly than
it did. After all, even if we assume a relatively low
growth rate of 0.5 per cent per year, after 4000 years
the population would be moving up towards the
one billion mark. That this did not happen as cli-
matic conditions improved must be linked to low
ceilings on carrying capacities, which were only
gradually raised as a result of innovation processes
of the kind modelled in this article.

Light is thrown on this question by Klein &
Cruz-Uribe’s (1996) comparison of large bovid and
seal exploitation at MSA and LSA sites in South
Africa. The authors suggest that MSA people for-
aged less successfully than subsequent LSA popu-
lations in the same area. As far as large game were
concerned, they favoured eland, which are relatively
easy to drive, rather than buffalo, which all the envi-
ronmental evidence suggests would have been more
common but more difficult to exploit. LSA people
did not prefer the eland, probably because they had
weapons which enabled them to exploit other spe-
cies more successfully. As a result, their population
densities were higher than those of MSA populations,
whose low densities are shown, among other things,
by the large sizes of the tortoises and shellfish they
collected, an indication that these prey populations
were not under predation pressure. Klein & Cruz-
Uribe (1996) also point out that MSA exploitation of
seals is similar in pattern to that of hyenas, and did
not take advantage of the seasonal abundance of 9–
11 month old seals which was exploited by LSA and
recent people.

The authors prefer to account for the changed
pattern in terms of the emergence of fully modern

human biological capacities. In the context of the
present article an alternative explanation would be
that successful innovations, developed in this region
or elsewhere in the context of population increase,
led to a rise in local carrying capacities and therefore
populations, which would in turn have been pro-
ductive of further successful innovation. Even if that
is not the right explanation for this particular case,
however, the study is important in indicating local
population increase between MSA and LSA. More
specifically it interprets low MSA populations stem-
ming from low carrying capacities as a result of inef-
ficient foraging behaviours, vulnerable to carrying a
cultural ‘drift load’, on the one hand, and to the effects
of climatic deterioration on their survival, on the other.

A recent study by Stiner et al. (2000) of small
game exploitation during the Middle and Upper
Palaeolithic in the Mediterranean regions comes to
similar demographic conclusions. Examination of
early MP faunal assemblages showed that up to 52
per cent of identifiable remains were of species such
as tortoises with low replacement rates and there-
fore sensitive to heavy predation. The fact that the
individuals of these species were of large body size,
however, indicated that the prey populations were
not under pressure, and therefore that human popu-
lation densities must have been low, indicating small
social groups, as the authors point out. Their study
showed a first diminution in the size of one such
such prey, the tortoise, in Israel, by at least 44,000
years ago but probably earlier; a size reduction which
they interpreted as reflecting a major population
growth pulse in the region at this time. Others sub-
sequently occurred at later dates, both there and
elsewhere in the Mediterranean. Stiner et al.’s (2000)
results thus confirm the presence of population
growth at a regional scale at precisely the time when
rates of cultural change were increasing, in a region
which has long been regarded as significant for the
emergence of Eurasian UP cultural phenomena.

Finally, we should re-emphasize the point that
the effects of actual demographic growth would have
been magnified still further by the increasingly dis-
tant contacts for which we also have archaeological
evidence in the form of raw material movements.
More distant contacts imply a greater probability of
being in contact with other people, which effectively
enlarges the population on a scale proportional to
the square of the distance radius. Thus, data from
Europe indicate that the average greatest distance
for the transfer of lithic raw material increased from
around 50–60 km in the late Middle Palaeolithic to
around 120 km in the Upper Palaeolithic (Féblot-

Figure 4. Estimates of modern human population size
through the late Quaternary. (Redrawn from Ambrose
1998, fig. 5b.)
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Augustins 1997, quoted in Gamble & Steele 1999; see
also Blades 1999).

Conclusions

It now seems that on a broad scale the demographic
picture of the last 100,000 years is one of decline to
very small numbers around 70,000 years ago, fol-
lowed by a major increase after 60,000 years ago,
enhanced at least in some areas by increased rates of
interaction from 40,000 years ago. This large-scale
pattern is now being confirmed and amplified by
local studies. The picture we have of the emergence
of modern human culture suggests that there are
occasional signs of its appearance before 70,000 years
ago but that it does not become widely prevalent
until after 50,000 years ago, long after the appear-
ance of biologically modern humans. Thus there is a
broad chronological correlation between major de-
mographic increase and the emergence of modern
human culture. The demonstration by the simulations
that innovation produces low equilibrium fitness and
low attractiveness values in small local populations,
and values more than an order of magnitude greater
in larger ones, suggests that demographic fluctua-
tions may be the single most important factor in
explaining how and why the emergence of modern
human culture occurred when it did.

More generally, though, it appears possible that
rates of successful technological innovation may have
been correlated with population sizes and densities
from the origins of hominin culture to the present. Is
this the reason why handaxes barely changed for a
million years?
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since it is the specific consequences for finite
populations which are of interest.
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