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Recent years have seen major advances in our understanding of the way in which cultural trans-
mission takes place and the factors that affect it. The theoretical foundations of those advances
have been built by postulating the existence of a variety of different processes and deriving their con-
sequences mathematically or by simulation. The operation of these processes in the real world can
be studied through experiment and naturalistic observation. In contrast, archaeologists have an
‘inverse problem’. For them the object of study is the residues of different behaviours represented
by the archaeological record and the problem is to infer the microscale processes that produced
them, a vital task for cultural evolution since this is the only direct record of past cultural patterns.
The situation is analogous to that faced by population geneticists scanning large number of genes
and looking for evidence of selection as opposed to drift, but more complicated for many reasons,
not least the enormous variety of different forces that affect cultural transmission. This paper
reviews the progress that has been made in inferring processes from patterns and the role of
demography in those processes, together with the problems that have arisen.

Keywords: meme’s eye-view; cultural drift; functional and neutral variation; transmission of
complex technologies; demography and cultural complexity; archaeological record

1. INTRODUCTION

Over the last 30 years, the idea that the processes pro-
ducing cultural stability and change are analogous in
important respects to those of biological evolution
has become increasingly popular. On this view, just
as biological evolution is characterized by changing
frequencies of genes in populations through time as a
result of such processes as natural selection, so cultural
evolution refers to the changing distributions of cul-
tural attributes in populations, likewise affected by
processes such as natural selection but also by others
that have no analogue in genetic evolution. Since the
presentation of the fundamental mathematically
based theory by Cavalli-Sforza & Feldman [1] and
Boyd & Richerson [2], the development of what has
come to be called ‘dual inheritance theory’ or ‘gene—
culture coevolution theory’ has continued (e.g. [3,4])
and it has been accompanied by a slowly growing
number of empirical case studies, applying the ideas
to understanding patterned variation in cultural data
(e.g. [5D.

The processes involved are complex and subtle. In
the case of culture, the inheritance mechanism is
social learning. Of course, the routes through which
culture is inherited are much more diverse than
those for genes and different routes have different
consequences for the patterning of cultural change
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through time [1]. Variation in what is inherited is
generated by innovations. These may be unintended
copying errors, but they can also be intentional
changes, perhaps arising from trial-and-error exper-
imentation, which leads an individual to stop doing
what they had previously learned and to start doing
it differently, or even to do something different
altogether. Whether this will be widely adopted
depends on a range of selection and bias mechanisms,
many of which have no equivalent in genetic evolution
but whose existence and importance have formed the
subject of major developments in the theory of cultural
evolution over the last 30 years.

Natural selection in the narrowest sense affects
humans as it does members of all other species. How-
ever, natural selection can also act on cultural
attributes, in the sense that those individuals who
inherit or acquire certain cultural attributes may have
a greater probability of surviving and/or reproducing
than those who do not; as a result those cultural attri-
butes will become increasingly prevalent. For example,
it is clear that in many parts of the world adopting an
agricultural rather than a hunting-and-gathering way
of life led to greater reproductive success; as a result,
the cultural traits that characterize agriculture spread
and, in some cases, subsequently influenced genetic
evolution (e.g. the ability to digest lactose [6]). An
analogous process of cultural selection can also operate
if individuals with certain cultural traits are more
likely to be taken as models for imitation than
others, by virtue of those traits, and these in turn
become successful models as a result. The traits
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concerned will become more prevalent even if they
have no bearing on reproductive success whatsoever,
and indeed, even if they are deleterious to it. This is
because if an attribute is passed on other than by
parents to children there is no reason for its success
to depend on the reproductive success of the individ-
uals concerned. For example, if celibate priests are
more likely than other adults to be teachers and if, as
a result of what they teach, their pupils are more
likely to become celibate priests and teachers, then
the values they teach will increase in frequency relative
to others [2, ch. 6].

In addition to these selection mechanisms, it has
been shown that a number of ‘bias’ processes
can affect what is transmitted; these refer to factors
that affect what and who people try to copy when
they are learning from others [2,3]. Thus, ‘results
bias’ refers to the situation where people look at
what other people do, for example, the crops they
plant, compare the results with what they are doing
themselves, and then change what they do because
the other way of doing things seems to be more
effective. ‘Content biases’ are affected by features of
transmissible phenomena that make them intrinsically
more or less memorable for reasons relating to the
structure of the mind or the strong reactions they pro-
voke; examples might be fairy tales or so-called urban
myths. ‘Context biases’ are aspects of the context of
learning that affect what is transmitted; thus, some-
thing may be copied simply because the person
initially doing it is prestigious (‘prestige bias’) or
because it is what most people locally do (‘conformist
bias’). In these latter two cases, whether a particular
cultural attribute or practice becomes more prevalent
in a population has nothing to do with its intrinsic
properties but only with the context of learning.

Finally, there is the cultural equivalent of genetic
drift [1, ch. 3]. In other words, the frequencies of par-
ticular cultural attributes can change for essentially
chance reasons not involving any preference for a par-
ticular attribute. Who or what you copy may simply be
a random choice dependent on who or what you meet.
Thus, variants that occur more frequently in a popu-
lation will have a greater chance of being copied
purely by virtue of their greater frequency, but in any
finite population there will also be an element of
chance in what specific variants are copied, and
when populations are small the role of chance will be
important. If there is no innovation, the outcome will
be that a single variant becomes fixed; the time taken
for this depends on the population size.

2. THE ‘MEME’S EYE-VIEW’

However, as just described, all these processes focus
on the people involved in the processes. This is
obviously an extremely important perspective but it
is not the only one. It is also important to look at the
processes from the meme’s eye-view [7,8], the per-
spective of the cultural attributes themselves. This
perspective matters because these culturally trans-
mitted features are the only data accessible to
archaeologists, and often all that anthropologists have
as well. In fact, they are the only direct data about
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past cultural traditions and the forces affecting them
that we have available. Moreover, the agent-centred
cultural evolutionary processes described above are
microscale ones: they occur at short time scales, at
most a human generation but very often on a virtually
day-to-day basis, and between individuals or small
groups. The question then becomes, to what extent
is it possible to identify the action of the various
cultural evolutionary processes outlined above on
the basis of distributions of through-time variation
in the past, given the often poor temporal resolution of
the archaeological record and the enormous range
of complex processes that have affected it? This is
a classic ‘inverse problem’ of a type very familiar to
archaeologists: inferring the microscale processes pro-
ducing a pattern from the pattern itself, as opposed to
carrying out designed experiments or making natura-
listic observations of processes in the field and
examining their consequences. The problems are ana-
logous to those faced by population geneticists in
identifying the operation of selection and other pro-
cesses given the evidence of gene distributions, but
in that case the problems are less complex, the amounts
of data available are now enormous and very powerful
methods have been developed with a strong and
well-justified theoretical background. However, as
with the development of the theoretical models that
created the basis for the field of cultural evolution, the
existence of these methods is something from which
empirical cultural evolutionary studies can benefit.

In fact, even to demonstrate that a pattern of con-
temporary variation or one of continuity through
time results from the operation of a cultural inheri-
tance process (i.e. is a ‘meme’), as opposed to being
a contingent response to local environmental con-
ditions, is not straightforward. Going on to make
inferences about the processes acting on the cultural
lineages identified is even more difficult, and they
look different from the ‘meme’s’ perspective than
from the agent’s. Thus, in a recent paper on the evol-
ution of Polynesian canoes, Rogers & Ehrlich [9] refer
to the process acting on those canoe traits that have a
functional significance as natural selection, and so it is
from the perspective of the traits themselves, in that
particular traits survive and are copied preferentially
as a result of their greater functional effectiveness
(cf [10])—something that could in principle be tested
experimentally. What the results do not do as they
stand is distinguish between natural selection operating
on human agents via cultural traits, and thus on the
future frequency of those traits and results bias, as defined
above. In other words, the process could have operated
as a result of the makers and users of ineffective canoes
drowning more frequently, thus leading to the demise
of those designs, while groups with better-designed
canoes, perhaps different communities, survived and
colonized new islands. Alternatively, it could have
worked through people observing the performance of
different canoe designs and preferentially copying
those they perceived as more effective. The latter
would potentially be far faster and the implied time-
scale difference could provide a basis for distinguishing
between the two processes. Making this sort of distinc-
tion is actually at the root of some of the most
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long-standing debates in archaeology, for example,
whether the spread of farming into Europe was a pro-
cess of indigenous adoption (involving results bias) or
demographic expansion and extinction (natural selec-
tion acting on the bearers of cultural traditions).
Note that despite the numerous attacks on the idea
of memes as replicators encouraging their own repro-
duction, it is emphatically the case in both the above
scenarios that whether or not people reproduce par-
ticular traits depends on the specific characteristics
of the traits themselves.

In fact, the basic procedures of an evolutionary
archaeology of cultural traditions are now clear [11].
It is necessary to identify the histories of transmission
to show that an ancestor—descendant relationship
exists, if indeed it does [12], and then attempt to
understand the forces shaping it, all on the basis of
patterned variation in the archaeological record. In
practice, however, these two operations, identifying a
transmission history and characterizing the forces
affecting it, are not necessarily sequential, and the
information to make the distinctions required may
simply not exist. Thus, if a particular cultural attri-
bute, for example, the sharpness of a lithic cutting
edge, is very strongly determined by its function,
then it will contain no signal of its transmission history
as a particular technique of stone tool production,
even though it is likely that it had one (as opposed to
being discovered anew by every novice flint knapper
through trial-and-error learning).

Clearly, transmission implies continuity but conti-
nuity does not necessarily imply transmission. It
might arise, for example, from the continuity of
environmental conditions or of a particular function.
In practice, probably the most important method for
characterizing transmission in archaeology has been
seriation. This is a very well-known technique devel-
oped in the late nineteenth and early twentieth
centuries for the purpose of building artefact chronol-
ogies in the absence of absolute dates; it involves
putting phenomena in a sequential order on the basis
of some measure of their similarity to one another
[12,13]. If we have independent evidence of the
chronological order, we can test whether the pheno-
mena that are most similar to one another are indeed
closest to one another in time. To the extent that
they are, continuity is implied. Thus, if successive pot-
tery assemblages linked by transmission, characterized
by counts of different ceramic types, are put in order,
then the changing frequencies of the types will show a
characteristic pattern of first appearance, increasing
popularity and decline. Ultimately, however, our con-
viction that cultural transmission is the predominant
force accounting for the pattern is also based on
other knowledge, for example, that the making of
pottery is an activity acquired by social learning.
Other situations are a prior: less clear cut. Thus,
Huester-Plogmann and colleagues [14] showed
graphically that through-time fluctuations in the pro-
portional and absolute frequencies of wild and
domestic animal bones at Neolithic sites in Switzerland
probably did not relate to changing cultural preferences
for hunting or keeping domestic animals but to climatic
fluctuations, because hunting became predominant
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Figure 1. Fluctuations in the proportion of wild animals
through time in faunal assemblages (filled circles) from the
Swiss Neolithic between 4400 and 2800 cal. BC. Percentage
of number of identified specimens (left-hand axis), against a
climatic indicator, the delta *C value (right-hand axis);
higher values indicate cooler, wetter conditions. Adapted
from Huester-Plogmann ez al. [14, fig. 1].

at times of a cool, wet climate, which could be
demonstrated by independent evidence (figure 1).

3. CHARACTERIZING CULTURAL DRIFT
The main single topic on which the characterization of
processes has focused in archaeology is the identifi-
cation of cultural drift and departures from it. The
idea that cultural phenomena could be subject to
drift processes goes well back into the mid-twentieth
century and before (e.g. [15]). In his early expositions
of evolutionary archaeology, Dunnell (e.g. [10])
suggested that the attributes of material culture assem-
blages could be divided into those influenced by
selection (functional attributes) and those that were
not (stylistic attributes). However, the key develop-
ment in linking material culture attributes to
evolutionary theory was Neiman’s [16] demonstration
of the way the mathematics of the neutral theory of
evolution could be used to generate quantitative expec-
tations of what a distribution of artefact frequencies
should look like if drift and innovation were the only
factors affecting it, rather than simply making a prior:
judgements about what is likely to have been functional
and what stylistic, as previous authors had done.
Specifically, he made use of the fact that at
mutation/innovation-drift equilibrium, when the
mutation rate is very low, the homogeneity of a popu-
lation made up of variants whose distribution is only
affected by drift and innovation is proportional to
twice the effective population size times the innovation
rate (2N.u) [16]. As this quantity (designated 6)
increases, the homogeneity of the population
decreases. This may be compared with the value of 0
obtained from a given set of data:

_ 1
>0}

where p; is the relative frequency of the /th member of a
population of % variants.

0 1
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However, as Neiman pointed out, there is a pre-
liminary issue that needs to be taken into account if
we are to use our archaeological data for this purpose.
We cannot necessarily assume that the frequency
of decorative types in an archaeological assemblage
corresponds to the frequency of variants in the past
population; it will have been governed, among
other things, by discard rates. Nevertheless, Neiman
showed by simulation that where assemblages are
the product of multiple transmission episodes and
multiple discard events, then the assemblage fre-
quency distribution of types/variants will closely
correspond to that of the frequency of the variants in
the population from which the assemblage is drawn.

However, we still need to obtain an estimate of the
neutral expected variation in a sample of a given size.
For this Neiman made use of an equation from
Ewens [17] who showed that, if the neutrality assump-
tion holds, then the expected number of different
variants in a sample (E(k)) is a function of the
sample size (n) and the parameter 6, based on the
effective population size and the mutation rate,
presented above [16, eqn (9)]:
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Since in a given case we know the observed number
of variants (k) and the sample size (), we can use this
equation to obtain an estimate of 6 [16].

Following the logic of genetic drift, cultural drift
variation is the result of random copying of cultural
attributes, with some possibility of innovation, and
the results of the process depend solely on the inno-
vation rate and the effective population size, itself
dependent on the scale of interaction. It is very unli-
kely that any individual act of copying, for example,
of a ceramic decorative motif, will be random in
terms of the model copied, but if everyone has their
own reasons for copying one person rather than
another, the result will be that there are no directional
forces affecting what or who is copied. Neiman’s orig-
inal case study indicated that patterning in the rim
attributes of eastern North American Woodland
period pottery was a result of drift, and on this basis
he was able to go on to argue that the Woodland
period was one of large-scale human interaction, a
view that had been held by earlier scholars but had sub-
sequently been rejected, for reasons that Neiman was
able to show were erroneous. In contrast, Shennan &
Wilkinson [18] showed that patterning in the fre-
quency through time of decorative attributes of Early
Neolithic pottery from a small region of Germany
indicated a more even distribution of variants than
expected under drift, in the later phases of the
sequence studied; i.e. there was an ‘anti-conformity’
bias, with many different types being relatively fre-
quent (figure 2). Conversely, Kohler ez al. [19] in a
case study of decorative designs on pottery from the
southwest USA, were able to show a departure in the
direction of conformity. Thus, these methods do pro-
vide a potential basis for distinguishing some of the
transmission forces outlined above, although the
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statistical methods used to test for departures from
drift in these cases were very weak.

The above studies followed Neiman in using an
assemblage diversity measure to identify drift. Sub-
sequently, Bentley and colleagues [20] took another
aspect of predictions of the neutral theory as their
focus, the proportion of variants having a given fre-
quency, and used computer simulation to explore the
implications of the neutral model in terms of the rela-
tive frequency distribution of individual variants
accumulated over time. They showed that the result
was a power law, with a small number of the variants
attaining very high frequencies but most occurring
only very few times, so long as Nu is not too large.
Clearly, if the mutation rate is high then no variant is
going to achieve high frequencies because variants
are constantly being replaced.

They explored the implications of this model by
analysing a number of datasets, including the distri-
bution of baby names represented in the 1990 US
census and in a series of sample datasets for each
decade of the twentieth century. They found an extre-
mely good fit to a power law distribution in all cases,
although this was not statistically tested, and therefore
suggested that the distributions were governed by a
process of random copying. In such cases, although
one can predict that a small number of variants will
attain very high frequencies, it is impossible to predict
which ones.

Mesoudi & Lycett [21] took this approach further by
simulating the frequency distributions produced by
biased transmission processes distinct from the
drift model of random copying. They showed that
conformist and anti-conformist transmission produced
log—log frequency distributions with markedly distinc-
tive features different from those produced by random
copying, and confirmed Bentley & Shennan’s [22]
result that if copying is independent of the frequency
of the models available to be copied then the distri-
bution of frequencies will be exponential. However,
they also showed that processes of ‘frequency-
dependent trimming’, in which there is a bias against
copying either the most popular or the least popular var-
iants, are not easy to distinguish from simple random
copying. However, in no case did they attempt to test
statistically the extent of the departure from random
copying that would be required to reject this model.

All these studies addressed the frequencies of dis-
crete traits. Eerkens & Lipo [23] developed a similar
approach to the characterization of neutral variation
in continuous measurements and the measurement
of departures from it. Studies of drift in discrete attri-
butes have not addressed the processes that generate
variation in those attributes, whether copying error
or the intentional creation of, e.g. new decorative
motifs, but have simply explored the effects of different
innovation rates. In contrast, in the case of variation in
continuous attributes there has been a focus on pre-
cisely what is involved in the generation of small
errors and what the consequences are for the outcome
of those errors over repeated transmission episodes,
because in this case we have some knowledge about
what the relevant processes are. Specifically, psycho-
logical studies have shown that below a certain
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Figure 2. Plot of actual diversity (squares) and neutral predicted diversity (crosses) of the decorative variation on Early Neo-
lithic ceramic vessels from a site in Germany against the sequence of chronological phases from the site (lower right). From
phase IX onwards the diversity values are greater than those predicted by the neutral model. Examples of Early and Late
vessels (upper right). The diversity values were calculated on the basis of the frequencies of the decorative motifs shown on
the left. Adapted from Shennan & Wilkinson [18, fig. 4c]; Luening, J. & Stehli, P. 1994 Die bandkeramik tm Merzbachtal
auf der Aldenhovener platte. Bonn: Habelt, plates 6.3 and 29.7, pp. 207-394; Frirdich, C. 1994 kulturgeschichtliche
betrachtungen zur bandkeramik im Merzbachtal, fig. 10, respectively.

threshold (the so-called Weber fraction), people are
incapable of distinguishing differences in physical
dimensions; the threshold is relative to the scale of
the dimension. Thus, lines that are within 3 per cent
of each other in terms of their length cannot be distin-
guished [23]. Over multiple transmission episodes,
and assuming that no other processes are operating,
the errors generated by this sub-perceptual copying
error will accumulate, although the accumulation
rate will gradually slow down (figure 3a). On the
other hand, if individuals tend to conform to the
mean of the population at any given transmission epi-
sode then the variation in the measurement concerned
will reach an equilibrium level, with a range dependent
on the strength of the conformity (figure 35). Prestige
bias also acts to reduce variation over repeated trans-
mission episodes but its effects will vary depending
on the proportion of individuals that are taken to be
prestigious for the attribute in question [23]. The
authors applied the theory to explaining variation in
projectile point dimensions in the western US Owens
Valley and in Illinois Woodland ceramic vessel diam-
eters. They showed that drift was sufficient to
explain the variation in projectile point thickness, but
base width showed less variation than expected, so
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some biasing process leading to a reduction in vari-
ation over time must have been operating while, in
the case of the pottery vessel diameters, variation
increasing mechanisms were at work.

Lycett & von Cramon-Taubadel [24] have recently
also explored the use of continuous measurements to
explore questions of drift. In just the same way as
recent results have shown that genetic variation in
modern human populations declines in a regular
fashion with distance from east Africa as a result of
serial bottle-necking or founder effects [25], they pos-
tulated that there should be similar effects on variation
in the dimensions of Acheulean handaxes if the main
factor affecting them was drift as populations of han-
daxe wuses spread out of Africa. Their results
indicated that handaxe variation did indeed decrease
in the manner predicted.

Recently, Hamilton & Buchanan [26] have used
both these approaches in an analysis of the role of
drift in affecting variation in the dimensions of the pro-
jectile points of early hunter—gatherers in North
America. They showed that over time accumulated
copying error (ACE) in a given dimension as a result
of the Weber fraction will lead to a decrease in the
mean of the dimension concerned because smaller
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Figure 3. (a) Results of simulations of 10 transmission chains of a continuous measurement with sub-perceptual error at each
transmission step, under conditions of unbiased transmission, showing the mean and the coefficient of variation (CV). (b) The
effect of different intensities of conformist transmission. Here, the data points represent average CV values calculated over 10

simulations. Adapted from Eerkens & Lipo [23, figs 1 and 2].

values will be copied with less error, as the errors
are proportional rather than absolute, while larger
values will be copied with greater error and sometimes
that error will be in the direction of smaller values;
the variance, however, will increase through time in
a linear fashion. They then investigated the effect of
introducing biased transmission into the system, for
example, that generated by copying the most presti-
gious individual available or conformist copying of the
local mean. They show that whereas these biases and
ACE have no effect on the mean, which still decreases
with the number of copying episodes, they do have an
effect on the variance, which increases to a limit deter-
mined by the strength of the bias and then stabilizes.
They went on to examine the role of both founder
effects, indicated as above by changes in within-assem-
blage variation, and ACEs in accounting for variation in
the sizes of Clovis-type projectile points through time.
Time was measured by using radiocarbon dates.

They found no evidence of multiple founder effects
in this case but did find that the mean size of projectile
points decreased through time and that the variance in
size was constant, suggesting that the key factor affect-
ing the size of the points was strongly biased
transmission with ACE. They noted that a decrease
in mean point size over time greater than that expected
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by drift, or any increase in size, would be indicative of
directional selection.

Clearly, in all these studies, the key issue is to have
strong methods for distinguishing the effects of different
processes and few if any of the studies described above
have really attempted to do this in a rigorous fashion.
This point has been developed in a recent paper by
Steele ez al. [27]. In the case of the discrete trait drift
models, for example, they point out that if the standard
methods are being used it is important to be sure that
the system being studied is at mutation-drift equili-
brium, otherwise it cannot be assumed that apparent
departures from drift are real. More generally, they
argue that simply comparing an empirical to a theoreti-
cally based frequency distribution is insufficient even
when it is done using an appropriate statistical test,
and earlier work by and large has not even done that.
It is necessary, they argue, to go further and consider
the effects of other variables that there are grounds for
thinking might be having at least some influence on
the distribution in question. The authors develop this
argument through an analysis of the factors affecting
the frequency distribution of different rim shapes in
ceramic bowls from the Hittite Bronze Age capital of
Bogazkoy. They found that although statistical tests on
the diversity of rim types did not indicate a departure
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from neutrality, in fact the frequency of different types
was affected by the functionally significant variable of
ware type—the coarseness of the vessel fabric—which
was influencing potters’ decision making. They also
found a trend in bowl sizes that did not correspond to
the ACE model described above. This was not revealed
by simply testing for the departure of the bowl rim
frequency distribution from neutrality, which did not
produce a statistically significant result.

This example brings home the point that the real
issue in most cases of trying to understand the factors
affecting variation in archaeological assemblages is less
likely to be the question of whether the variation is neu-
tral or not, but what is the relative importance of various
selective and stochastic factors in accounting for it. The
way this can be done has been shown by Brantingham
[28] using the Price equation, on the basis of a study
of variation in the relative frequency of ceramic decora-
tion in an artificial dataset where different households in
avillage decorate their ceramics with different frequen-
cies. He distinguishes payoff-correlated from payoff-
independent variations, corresponding to ‘functional’
and ‘stylistic’ variation, respectively, where the func-
tional aspect of decoration could refer, for example, to
social benefits to be gained by conforming to the
usage of the local majority or penalties for not conform-
ing. Stylistic, or non-functional, variation might arise,
on the other hand, as a result of copying errors in pro-
ducing the correct proportion of decorated vessels, or
individual experimentation.

As Brantingham describes, on the assumption that
any real process of change potentially involves an
aspect related to payoffs and an aspect that is payoff
independent, an equation can be written bringing the
two together. Thus, in the case of his artificial example,

wW;
Pz = Piyy (2i + &),

where p; is the proportion of all vessels made by house-
hold 7 in the previous time step, z; is the relative
frequency of ceramic decoration in household i, w; is
the payoff to household 7, given ceramic decoration
at proportional frequency z; w is the mean payoff to
all households given a mean proportion of ceramic
decoration, §; is the stochastic fluctuation in the fre-
quency of decoration in household i, the equation
states that the contribution of household 7 to the new
frequency of ceramic decoration at the next time
step, depends on change in its contribution to the
total number of vessels from the previous step, which
is payoff related, and in the frequency with which the
vessels are decorated. He goes on to show that the gen-
eral formula for the total evolutionary change in the
frequency of ceramic decoration (Az) corresponds to
the sum of payoff-related and payoff-independent
variations as given by the Price equation:

Az — cov(% : zi) FE®S),

where COV (w;/w, z;) is the covariance between the
relative payoffs and relative frequency of decorated
ceramics, the functional variation and E (§;) is the
expected value of stochastic fluctuations in the relative
frequency of ceramic variation, the stylistic variation.
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As Brantingham points out, this formulation, in
which change in any given attribute over time can be
affected to different degrees by both functional and
stylistic variation, contradicts Dunnell’s argument
that style and function are mutually exclusive.

The implications of the approach are then illus-
trated by analysis of a simulated dataset made up of
50 households, with 2000 pottery-making generations,
a small positive payoff to decorating vessels (8=
0.005) and a very slight tendency (u = 0.0001) for
the variation introduced in each generation to increase
the proportion of decorated vessels, the two relevant
parameters for the Price equation. Analysis of the fre-
quency patterns in the data generated by the
simulations recovered the known payoff value and
the value for novel variation introduced in each gener-
ation with a high degree of accuracy, confirming the
potential for inferring the strength and nature of func-
tional and stylistic processes from real archaeological
data. The Price equation method has now been
taken further by Brantingham & Perreault [29].

4. THE EVOLUTION OF COMPLEX
TECHNOLOGIES
The examples above have been largely concerned with
distinguishing drift from other evolutionary forces in
the case of situations where we have very little infor-
mation about the specific goals the makers and users
of the artefacts were trying to achieve and the relevant
constraints, except for our knowledge of the Weber
fraction and its implications in the case of continuous
measurements. In cases where we know a lot more
about these goals and constraints, hypotheses can be
more closely framed and at least in principle more readily
tested. Recently, Charlton and colleagues [30,31] have
taken an evolutionary approach to understanding iron-
smelting technology in a case study from northwest
Wales. Here, there can be no doubt about the goal (at
least in general terms) and the conditions required to suc-
cessfully smelt iron are well understood, arising as they
do from universal properties of the materials involved.
Once again though, the issue is first to identify pat-
terns of cultural descent in the methods used and to
distinguish variation arising from transmission from
that relating, for example, to the local ore or fuel
type; and then to characterize the forces affecting
that variation, in a situation where, by the very
nature of the process there are only a limited number
of successful solutions. The most informative source
of information on the processes involved in past
episodes of early iron production is chemical variation
in the slags produced as a waste product. In this case
then the data are quantitative variations in the chem-
istry of chronologically ordered slag deposits and the
inverse problem is as above: can we establish whether
or not there is a signal of cultural descent in the chemi-
cal variation; if so, what can we infer about the factors
affecting transmission processes that produced it?
Charlton [30] showed convincingly that a trans-
mission signal could be identified. In terms of the
forces acting on the technical knowledge and practices
passed on from one iron producer to another, it is easy
to imagine that there might be some more or less
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random variation in exactly what was done each time. It
is also likely that there would be strong selection for
those practices that were successful, though, given the
complexity of the process and its many stages, it would
not necessarily be easy to identify precisely what pro-
duced a successful smelt on any given occasion. From
the point of view of the agents, it is thus likely that trans-
mission would be affected by results bias; from the point
of view of the smelting recipes, this would be a process of
natural selection, since recipes would be differentially
reproduced depending on their ability to successfully
smelt iron. The results of Charlton ez al. [31] showed
that all changes related to furnace operation could be
accounted for by a drift process but that at a certain
point a second effective procedure was more or less acci-
dentally discovered and a decision was taken to use make
use of the two distinct procedures, visible in different
slag signatures (figure 4). At the same time, there were
clear trends in the use of manganese-rich ores with
better fluxing capabilities, and evidence of decreased
variability in reducing conditions related to results
bias: that is to say the iron makers consistently repro-
duced the airflow conditions that gave the best results
for a given recipe. Ore variability, on the other hand,
did not decrease through time and probably simply
reflects the properties of the bog ore available.

5. DRIFT, DEMOGRAPHY AND THE ADAPTIVE
ROLE OF CULTURE

Most of the work described above has focused on look-
ing for evidence of pure drift or departures from it, and
considering the implications for the processes believed
to be operating in particular cases, but there has been
another strand of more theoretical work which has con-
sidered the implications of drift or sampling processes
under different demographic conditions. Even in cases
where selection or bias are strong in principle they can
be overwhelmed by the effects of chance if the effective
size of the relevant population is very small. If some func-
tionally useful knowledge, for example, is only held by a
small number of old men and they all die suddenly in a
disease outbreak, the knowledge will be lost regardless
of its usefulness. This phenomenon has been known
since the earlier twentieth century [32].

Shennan [33] suggested that this sort of process
might be relevant to explaining why so-called
modern human symbolic culture might have taken so
long to appear on a large scale after the emergence
of anatomically modern humans ca 200 ka. Some of
its characteristics appear and disappear sporadically
in Africa over a long period but it does not appear to
take off on a large scale anywhere until after 50 ka,
when there is both genetic and archaeological evidence
for major population increase. Shennan argued that
this was a result of population levels being kept low
by adverse climate conditions in Africa. On the basis
of a genetic model [34], modified to include oblique
transmission of cultural traits, he showed by simu-
lation that larger populations can evolve to a higher
average fitness than smaller ones because they carry a
smaller drift load of deleterious cultural traits. Sub-
sequently, Powell er al. [35] used an analytical model
created by Henrich [36] to address the same issue

Phil. Trans. R. Soc. B (2011)

time —

Figure 4. Chemistry of slags from the medieval Welsh iron-
smelting site of Llwyn Du projected into PC space and
arranged in stratigraphic order. Group 1 slag is plotted in
dark grey and group 2 slag is plotted in light grey. The two
groups are close to two distinct optima for successful iron
production under different smelting conditions. Adapted
from Charlton er al. [31, fig. 4].

(figure 5). On this model, individuals learn a new
skill by attempting to copy the best individual of the
senior generation in their group. Most people are not
as good as the best, reflected in the group modal
value for the skill. However, there will always be
some random variation between the individuals in
their attempts to innovate and occasionally someone
may exceed the current best. This will then become
the example to follow, and as a result, even though
most people are not as good as the best, the modal
value will be pulled in a positive direction. However,
the probability of exceeding the current best depends
on the cultural effective population size. If population
size decreases then no one in the new generation may
even match the current best so the maximum level of
achievement will decline. Powell ez al’s simulation
based on this model showed that greater population
densities or increased migration rates between groups
would lead to the kind of cultural accumulation that
modern human symbolic culture represents (cf [37];
figure 6). Kline & Boyd [38] have shown that there
is ethnographic evidence for the predictions of this
model in Polynesia, with larger/well-connected islands
having more complex technologies than smaller ones
(though contrast [39]).

6. DISCUSSION

It has taken a long time to start developing methods of
empirical data analysis to solve the inverse problem of
making inferences from archaeological frequency dis-
tributions in order to arrive at explanations of their
form and inter-relationships in terms of cultural
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Figure 5. Henrich’s model for result-biased transmission with error using the Gumbel distribution. Adapted from Henrich

136, fig. 1].
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Figure 6. Simulated regional mean z-values (averaged over
100 iterations) over 100 generations in a world containing
randomly distributed groups at a given density, divided
into two halves, one with a high and one with a low migration
rate, but with no barrier between them. The 95% CI for
each region are given as dotted lines. Msd is the migratory
range expressed as a proportion of the mean nearest neighbour
distance. Black line, Msd = 1; light grey line, Msd = 0.1.
Adapted from Powell ez al. [35, fig. S2].

evolutionary processes, and it seems reasonable to
suggest that the work has barely begun. For example,
it can be argued that the methods described here are
much more appropriate for cases where a reasonably
high degree of chronological resolution is available,
likely to be more frequent in more recent periods.
Thus, Richerson & Boyd [40] have expressed some
doubt about attempting to fit micro-evolutionary
models of process to archaeological data given their
normally coarse chronological resolution and the lack
of information available for parametrizing such
models, and in particular about using a ‘null’ model
of drift as a starting point, since other more complex
models might well give the same result. They point

Phil. Trans. R. Soc. B (2011)

out that what appears as drift may simply be the
result of short-term selection pressures that push in
opposite directions from one short time period to the
next, and thus are not resolvable. This is certainly
true but it is questionable how much distinguishing
‘real’ drift from ‘pseudo’ drift matters, certainly
when data are available that have a human-generation
level of resolution. What matters is identifying the
presence of selection/bias forces pushing the choices
people make in some consistent direction over time,
and attempting to explain them. Similarly, they argue
that it is better to build models incorporating theoreti-
cal concepts, for example, ‘neophilia’, a preference for
things that are slightly different, in the stylistic sphere.
However, there are dangers in rather vague concepts
like this, whose values could potentially be fine-
tuned to fit whatever pattern we find. The view
taken here is that we are better off obtaining estimates
of innovation rates from our data. As always, it is cer-
tainly true that the more information we have in any
given case and the more we have independent grounds
for inferring the probable selection pressures operat-
ing, as in the case of iron production, the better our
models are likely to be. Equally, the cumulative devel-
opment of the methods described in this paper offers
increasing potential for distinguishing the role of
different evolutionary forces. Finally, it is becoming
increasingly clear that demographic factors play an
important role in the processes discussed in this
paper and that if we can obtain independent evidence
of prehistoric demographic patterns we will be in
a much better position to build models that are
appropriate for particular cases.
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