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These cases illustrate the productive juxtaposi-
tion of independent analyses of the same events by 
archaeologists and by geneticists. One can also envis-
age a more subtle relationship in which the strengths 
of each discipline are used collaboratively. One could 
argue, for instance, that archaeological dating is 
more precise and accurate than molecular dating, for 
prehistoric events which need to be resolved on mil-
lennial or shorter timescales. If this were accepted, 
then the archaeological dates could be used in demo-
graphic parameter estimation by genetic modelers. 
They would provide a measure of fit in exploring the 
parameter space of the genetic model. 

 

Conversely, one could argue that genetic data and 
models are better able to estimate admixture rates in 
two-population situations, and that these rates should 
be used to constrain archaeologists’ interpretations of 
the demography of cultural transitions. It must be said, 
however, that the genetics of the Neolithic transition in 
Europe seem to be consistent with more than one inter-
pretation, and here archaeologists would benefit from 
a concise exposition by geneticists, in non-technical 
language, of the basis of their internal disagreements. 

Archaeology could be used to estimate not just 
dates, but also other demographic parameter values 
for genetic models. Attempts have been made to 
recover local values for fertility and intrinsic rate of 
increase (e.g. Bocquet-Appel 2004), for marriage dis-
tance (e.g. MacDonald 1999;, MacDonald & Hewlett 
1998), and for population density (e.g. Steele et al. 
1998), all using archaeological data. Given a well-
argued archaeogenetic rationale, these efforts could 
be augmented and new insights gained. However, we 
first need to develop a better shared understanding 
of the demographic parameters that are of relevance 
to genetic models. For example, the cumulative occu-
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1. The interaction between archaeology and genetics

For an archaeologist this was an extremely construc-
tive meeting. It is clear that genetic data have huge 
potential for elucidating major episodes in human 
population history. It is also clear that archaeogenetic 
inference is model-dependent, and that archaeogenetic 
reconstructions have intrinsic and often large error or 
uncertainty. There is therefore value in archaeology 
as a source of independent constraints on parameter 
values used in the models.

Quite how archaeology should be used to con-
strain genetic inference (and vice versa) is less clear. 
There are obvious risks of circular reasoning when 
the same archaeological data are used both to define 
a genetic hypothesis, and to constrain the subsequent 
interpretation of results. This can be avoided by inde-
pendent archaeological and genetic inference, and 
subsequent examination of consistencies and incon-
sistencies in reconstructions. Where reconstructions 
differ, and we are able to rank the two sources in terms 
of directness of inference and level of uncertainty of 
estimation, the comparison will be instructive. 

In some cases, the genetic data and inferences 
appear more direct and reliable indicators (in this 
case, of admixture) than the archaeology (cf. Thomas 
et al. this volume). This is not always the case. For 
interpreting divergence dates of mtDNA founder line-
ages, archaeology may be more precise and accurate. 
The peopling of the Americas has been estimated from 
genetic divergence dates to have taken place anywhere 
between 11,000 and 40,000 years ago, more precise 
estimates varying as a function of sample and meth-
odology (Eshleman et al. 2003). Individually, these 
estimates often also have large error or uncertainty 
— there are fewer problems in converting archaeo-
logical radiocarbon determinations into calendar 
ages. Well-controlled sampling of early archaeological 
sites in the Americas yields a colonization time which 
constrains the mtDNA estimates to the younger end 
of their range (Kelly 2003).1

Source:
From S. Matsumura, P. Forster & C. Renfrew (eds) Simulations, Genetics andHuman Prehistory.  © 2008 McDonald Institute for Archaeological Research
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pancy of a region over a given period of time (numbers 
of person-years) may be relevant to archaeologists 
estimating latency to visibility of a colonizing popula-
tion in the archaeological record (Hazelwood & Steele 
2004), but it is evidently not so relevant to geneticists 
(who need to know about structure as well as density, 
when estimating effective population size). In fact, 
archaeologists may not always fully understand either 
the nature of demographic parameters in genetic 
models (e.g. generation time, migration rate, effective 
vs census population sizes), or the sensitivity of these 
models’ historical interpretation to variation in the 
parameter values estimated. A simple ‘Idiot’s Guide’ 
would be most helpful.

2. The identification of common research questions 
in archaeology and genetics

The above observations are made in the belief that 
archaeology and genetics can be made to work 
together effectively to refine accuracy and precision 
when reconstructing human population history. 
How then should we identify the questions at which 
to direct our efforts? The examples discussed above 
relate primarily to the timing of primary dispersals, 
and to the admixture dynamics between two pop-
ulations in secondary dispersals. These are very 
interesting and productive topics, but they are only a 
subset of the problems for which archaeologists and 
geneticists can and do make common cause.

Among these, one problem on which more 
attention might be focused relates to the cultural and 
genetic markers of population structure, which may 
also be applied when the system is near to equilibrium 
(i.e., there is approximate balance between birth and 
death rates, and between immigration and emigration 
rates). What are the effects on cultural and genetic 
diversity, in such a simplified model system, of vary-
ing rates of background migration (or of varying mean 
marriage distance)? 

In cultural and linguistic studies, measures of 
diversity do exist, but they have usually been formu-
lated to address other kinds of research problems. 
An example is Greenberg’s (1956) index of linguistic 
diversity, 

A = 1 – Σ k
i 1=  (i2),

where i is the fraction of the population speaking a 
given language X, and k is the total number of lan-
guages spoken. 

A precisely similar index of concentration has 
been developed in economics to index the distribution 
of market share, Herfindahl’s Concentration Index (H), 

with Si the market share of the ith of n companies:

H = 1 – Σ n
i 1=  (si

2).

Herfindahl’s Index has been applied in cultural studies 
as the index of ethnolinguistic fractionalization (Bos-
sert et al. 2005), and used to study effects of cultural 
and ethnic diversity on economic and social indicators 
in large-scale population comparisons.

These are of course direct analogues of the meas-
ure of expected heterozygosity in genetics (HE), with 
pi the frequency of the ith of k alleles (in a single-locus 
case):

HE = 1 – Σ k
i 1=  (pi

2).

It seems intuitive that such indices could be used to 
estimate historical population structure. In genetics, 
the F statistics of Sewall Wright (1931) include an 
inbreeding coefficient

F = 

where HO is the observed heterozygosity. Positive 
values for a sub-population indicate above-average 
levels of inbreeding, and negative values indicate 
above-average levels of mixing. A related statistic is 
FST, a measure of the distance separating a descendant 
from a founder population:

FST = ,

where HT is the expected heterozygosity for a pooled 
sample of alleles and HS is the average expected het-
erozygosity within each population. In genetics, the 
FST statistic is evidently used to estimate divergence 
in both time and space. The latter is by the inference 
from FST of Ne and m, the effective population size and 
the migration rate, assuming a simple island model 
(Wright 1931, cf. Whitlock & McCauley 1999):

FST ≈
 

 .

It would be good to be able to generalize this approach 
to the study of linguistic variation, with a linguistic 
F-statistic used to predict effective population size 
and diffusion rate for an empirical cultural inheritance 
system. We might aspire to estimate mixing levels in 
cultural populations, for example comparing word 
lists from adjacent populations where cognates, loan 
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words and unique occurrences all represent variants. 
This would give a focus contrasting with word-list 
analyses which are designed to recover trees (cf. Bry-
ant et al. 2004), and it would also have the virtue of 
making use of all the data in such word-lists. 

How might this work? At the level of a set of 
sub-populations, we might compare AT (as the total 
linguistic diversity in the population as a whole), 
and then calculate AS for each sub-population. This 
would apply in a situation where all variants were 
initially available, and present diversity reflects a 
population structure in which historical processes in 
different groups have led to different frequencies of 
these variants. This is unlikely to be relevant when 
studying language differences which are the product 
of mutation and selection, but it might be relevant 
when studying the initial fixation of dialect variants in 
colonization episodes (for example, in the divergence 
of American and British English pronunciation), or the 
rate of diffusion of loan-words.

A relevant attempt to address the issue of lan-
guage diversity and population structure at a much 
larger scale is Nettle’s use of a languages/stock index 
SL (number of stocks per thousand languages spoken), 
although the quantification is incomplete. The ‘stock’ 
(or phylum, or superfamily) is a level of aggrega-
tion of languages that represents ‘the deepest level 
reconstructible by the standard comparative method 
of historical linguistics (the existence of deeper nodes 
frequently is hypothesized; in no case, however, have 
they been reconstructed)’ (Nettle 1999, 3326). Net-
tle finds that globally, empirical stock diversity SL 
(number of stocks proportional to the number of com-
munities, as indexed by number of actual languages) 
is negatively correlated with population age, when 
the latter is estimated archaeologically. This finding 
contrasts with Nichols’s (e.g. 1990) model, which pre-
dicts a positive correlation between stock diversity and 
population age (cf. Nichols 2000; Nettle 2000). Nettle’s 
interpretation is that the pattern of linguistic evolution 
associated with primary dispersals involves an initial 
diversification as a population radiates into small and 
spatially-segregated geographical niches, followed 
by a predominance of lineage extinction and loss of 
diversity as populations grow and smaller groups are 
assimilated, in a context of increasingly large-scale 
political and economic systems.

It is not immediately clear how SL, as a measure 
of cultural population structure, would relate math-
ematically to the F-statistics discussed above. A, H and 
HE are all entropy-like measures of diversity in differ-
ent inheritance systems. Greenberg (1956) also added 
a weighting term to allow for the degree of similarity 
between languages in a polyglot population, giving:

B = 1 – Σmn(mn)(rMN)

where m and n are the fractions of the population 
speaking languages M and N, and r is the measure of 
resemblance (based e.g. on the number of cognates 
and shared loanwords in a standard word list). Green-
berg (1956) intended his B index to help distinguish 
between populations with high levels of isolation by 
distance (e.g. in small-scale subsistence agricultural 
societies, lower B) and populations with high levels of 
recent long-distance economic migration (e.g. indus-
trializing societies, higher B). Nettle’s stock diversity 
measure could readily be assimilated as a large-scale 
empirical approximation of rMN where there are only 
two possible values for any language pairing (related 
or unrelated by common stock membership). We 
might then reformulate SL as:

SL = 1 – Σmn(mn)(rMN)

where r took an arbitrarily high value, say 0.75, for 
languages in a common stock, and an arbitarily low 
value, say 0.25, for languages not in a common stock. 
The term here missing from Nettle’s (1999) analysis, 
mn, is based on the fraction (cf. pi) of the population 
speaking each i-th language. 

A high value of SL (high stock diversity) would 
equate to a high value of B, and vice versa. It is intuitive 
that the contrast between simple agricultural societies 
and urban industrial societies just outlined would also 
be reflected by variation in SL for cultural populations. 
It is less intuitive – as Nettle himself observes - why SL 
should be found to decrease with age of population 
in the absence of selection. It seems unlikely that the 
analogy should be with genetic drift in the absence 
of mutation and selection (i.e. when heterozygosity 
declines with age at a rate inversely proportional to 
the effective population size Ne). The effective cultural 
population sizes would surely have been too large 
for a noticeable effect of this kind to be expected, and 
furthermore mixing rates would have been structured 
by linguistic similarity. A selection process therefore 
seems implied. 

Greenberg also developed a series of other 
indices of the social potential for communication, to 
allow for the possibility that individuals can speak 
and understand more than one of the languages which 
are current in their population. A moment’s reflection 
suggests that word forms and structural language 
properties are not selectively neutral traits in language 
contact situations, since their being shared determines 
the potential for cultural exchange - unlike neutral 
markers in genetic systems and genetic exchange. In 
this case, any attempt to recover population structure 
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from linguistic diversity must consider the horizontal 
effects of cultural selection, as well as the effects of a 
historical branching process of diversification. 

In archaeological assemblages of material cul-
ture, much discussion of diversity indices has focused 
on the effects of sample size (e.g. Kintigh 1984; Meltzer 
et al. 1992). Neiman (1995), however, has attempted to 
model population structure as a function of empirical 
diversity measures. He proposes, following Crow and 
Kimura (1970), that in a cultural system with innova-
tion and drift, the equilibrium level of homogeneity 
(F� ) at a neutral cultural locus can be estimated as 

where Ne is the effective population size and μ is the 
innovation rate, and can also be approximated by an 
empirical estimator of the number (k) and relative 
frequency (p) of variants

 F̂  = Σ k
i 1=  (pi

2).

The effective number of variants, ne, is given by the 
reciprocal of F�and the confounding effect of sample 
size on observed variation can be estimated using 
Ewens’ (1972) formula. Neiman uses these results to 
reconstruct the dynamics of cultural systems (levels 
of transmission between groups) as these varied over 
time, based on diversity indices of pottery styles at 
a series of prehistoric sites in Woodland-period Illi-
nois.

Neiman’s approach is developed further by Shen-
nan and Wilkinson (2001), and the same neutral model 
is used by Hahn & Bentley (2003) to estimate μ (given  
empirically known values for Ne) from the empirical 
frequency distribution of variants of twentieth century 
US baby names (see also Bentley et al. 2004).

There is clearly scope for further collaborative 
work on these and other cultural and genetic indices 
of population structure under a neutral model, as a 
direction to explore that would complement the exist-
ing collaborative focus on reconstruction of major 
dispersals and migrations. An extension which would 
enable us also to identify the pattern of cultural diver-
sification associated with selection (as distinct from 
drift) would also be very valuable.

Note

1. Incidentally, the publication conventions of archaeologi-
cal dating can easily mislead the unwary. I have heard 
geneticists suggest — as a piece of special pleading to 

justify a ‘long’ mtDNA settlement chronology - that the 
North American Clovis culture represents an episode of 
rapid population growth stimulated by climatic warm-
ing at the onset of the Holocene (and that settlement 
may therefore substantially pre-date that culture). This 
is based on a mistaken correlation of uncalibrated ra-
diocarbon determinations for the Clovis culture, which 
underestimate these sites’ true age by about 2000 years, 
with true calendar ages for the end of the Younger Dryas 
cold period. If one compares like with like, one finds 
that the Clovis culture dates to before and in the early 
stages of the Younger Dryas (Steele et al. 2000) — and 
does not, therefore, correlate with climatic warming.
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