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Archaeologists disagree about how farming began in Britain. Some argue it was a result of indigenous
groups adopting domesticates and cultigens via trade and exchange. Others contend it was the conse-
quence of a migration of farmers from mainland Europe. To shed light on this debate, we used radio-
carbon dates to estimate changes in population density between 8000 and 4000 cal BP. We found
evidence for a marked and rapid increase in population density coincident with the appearance of
cultigens around 6000 cal BP. We also found evidence that this increase occurred first in southern
England and shortly afterwards in central Scotland. These findings are best explained by groups of
farmers from the Continent independently colonizing England and Scotland, and therefore strongly
support the migrant farmers hypothesis.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

The transition to farming in Britain remains one of the most
contentious issues in European prehistory despite nearly a century
of research. The hypotheses that have been put forward to account
for it differ with respect to the speed of the transition, and the role
played by migrants from mainland Europe. The migrant farmers
hypothesis holds that the transition was the result of a rapid dias-
pora-like colonisation by mainland European farmers about
6000 cal BP. Some versions of this hypothesis argue for a single
migration event (Ammerman and Cavalli-Sforza, 1984; Childe,
1936); others envisage several such events (Piggott, 1954; Sheridan,
2000, 2003, 2004, 2007). The other two hypotheses contend that
the transition was the consequence of indigenous hunter-gatherer
groups acquiring farming from mainland Europe, beginning around
6000 cal BP. According to the slow indigenous adoption hypothesis,
cultigens and domesticates were initially used only for ritual
activities, and did not become staples until 1000 years after their
introduction (Thomas, 1991, 1999). The other indigenous adoption
hypothesis argues for a more rapid shift from hunting and gath-
ering to farming (Bonsall et al., 2002; Thomas, 2003, 2007).
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To date, none of the lines of evidence that has been brought to
bear on this debate has proven capable of unambiguously refuting
any of the hypotheses. Some evaluations of the zooarchaeological
and palaeobotanical evidence have concluded that domesticates
and cultigens were initially used only for occasional rituals and that
it took hundreds of years for them to become economically
significant (Thomas, 1991, 1999; Whittle, 2007b). Others have
concluded that when taphonomic biases are taken into account the
available plant and animal remains indicate that farming was an
important subsistence activity from the very beginning of the
Neolithic (Jones and Rowley-Conwy, 2007; Rowley-Conwy, 2004;
Tresset, 2003). Likewise, researchers disagree with respect to the
material culture evidence. Some claim it indicates the occurrence of
a number of migrations from mainland Europe (Sheridan, 2000,
2003, 2004, 2007), while others contend that it is better under-
stood in terms of trade and exchange (Thomas, 2004). Analyses of
contemporary human DNA have also returned conflicting results
regarding the contribution of Neolithic migrants to the European
gene pool, including Britain (Chikhi et al., 1998, 2002; Currat and
Excoffier, 2005; Richards et al., 2000). Analyses of stable isotopes
from Mesolithic and Neolithic skeletons have yielded consistent
results (Richards et al., 2003; Schulting and Richards, 2002) but
opinions differ regarding their significance. Some interpret them as
evidence that there was an abrupt shift from marine to terrestrial
resources around 6000 cal BP, which is consistent with the
migrating farmers hypothesis (Richards et al., 2003; Richards and
Schulting, 2006; Schulting and Richards, 2002). Others contend
that the results of the stable isotope analyses must be biased
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Fig. 1. Summed probability distributions for the full set of dates, non-monument dates
and cereal grain dates.
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because there is zooarchaeological evidence that use of marine
foods continued into the Neolithic (Milner et al., 2004; Mithen
et al., 2007). Still others have cast doubt on the claim that the stable
isotope data demonstrate a rapid shift in diet on the grounds that
most of the Neolithic skeletons from which the data were obtained
post-date the start of the Neolithic by ca. 200 years (Whittle,
2007a).

2. Timing and rate of the Neolithic demographic transition

In an effort to move the debate forward, we used 14C date
densities as a guide to changes in the size of the human population
of Britain between 8000 and 4000 cal BP. Ethnographic data indi-
cate that, with the exception of certain coastal and riparian areas
where rich aquatic resources are available, farming usually
supports much higher population densities in temperate regions
than hunting and gathering (Binford, 2001). Consistent with this,
analyses of cemetery samples have found that an increase in pop-
ulation occurred in conjunction with the transition to farming in
many parts of mainland Europe and also in parts of North America
(Bocquet-Appel, 2002, 2008; Bocquet-Appel and Naji, 2006).
Accordingly, we reasoned that the timing and rate of change in
population size should be informative regarding which of the
hypotheses is most likely to be correct. The approach we employed
has been used on a number of occasions recently to address
questions regarding prehistoric demography (Buchanan et al.,
2008; Collard et al., 2008; Erlandson et al., 2001; Gamble et al.,
2004, 2005; Gkiasta et al., 2003; Niekus, 2009; Shennan and
Edinborough, 2007). Its rationale is that, because the number of site
phases in a given time period can be expected to relate mono-
tonically to population size, changes in summed probability
distributions of calibrated 14C dates derived from different site
phases serve as a proxy for changes in population size. To date, the
method has been used exclusively to reconstruct relative pop-
ulation size, but in principle it can also be used to reconstruct
absolute population size if the summed probability distribution can
be anchored to a known value for population size.

Details of 14C dates from site phases classified as Mesolithic,
Neolithic or Bronze Age were obtained from the Archaeology Data
Service, Department of Archaeology, University of York. The dataset
was then updated via searches of traditional published media and
the grey literature. Our approach to date selection was conserva-
tive. The only dates not included in the dataset were ones deemed
invalid by the originating laboratory. Dates claimed to be invalid on
the basis of apparent stratigraphic inconsistency were included. We
also included dates with large standard errors. This approach is
conservative because the inclusion of residual and imprecise dates
can be expected to diminish any differences between the Meso-
lithic and Neolithic in terms of inferred population size. A total of
4246 14C dates from 1762 site phases were included in the dataset.

We began by calibrating the full set of dates and controlling for
variation in dating intensity among site phases. The latter was
accomplished by summing all the calibrated date curves for a given
site phase and adjusting the area under the summed curve to equal
one. Thus, for any given site phase we obtained an averaged date
probability distribution equal in weight to any other site phase.
Next, we generated two summed probability distributions, one for
all the dating intensity-corrected dates and one for 76 dates per-
taining to the early use of cereal grains recently reported by Brown
(2007). Thereafter, we compared the two summed probability
distributions to determine whether the appearance of cultigens
preceded the anticipated increase in population density by more
than 1000 years, as the slow indigenous adoption hypothesis avers,
or whether population growth closely followed the appearance of
cultigens, as the migrant farmers and rapid indigenous adoption
hypotheses contend. Lastly, we repeated the analysis after
removing the 2117 dates associated with high visibility Neolithic
sites (e.g. barrows, cists, henges, causewayed enclosures and
quarries), which we reasoned might bias the results in favour of an
abrupt Mesolithic–Neolithic transition. We did not control for the
effects of sea level change because recent work suggests that by
8000 cal BP the coastline of Britain was similar to what it is today
(Weninger et al., 2008). The dates were calibrated in CALIB 5.0.1
(Stuiver and Reimer, 1993) with the IntCal04 calibration curve
(Reimer et al., 2004). We selected the latter on the grounds that it is
the most widely used calibration curve and is free of anomalies in
the section relevant to the transition to farming in Britain. The
calibrated date probability curves were summed using routines
written in the programming language Python (http://www.python.
org/) and plotted using the statistical analysis software environ-
ment ‘R’ (http://www.r-project.org/).

The summed probability distribution obtained from the cereal
grain-related dates indicates that farming arrived in Britain around
6000 cal BP (Fig. 1, green curve). The summed probability distri-
bution derived from the one-date-per-site phase set of dates
suggests that population size was low until about 6000 cal BP
(Fig. 1, black curve). Between 6000 and 5610 cal BP there was
a sharp increase in population size. This was followed by a decrease
that lasted until about 4400 cal BP. After 4400 cal BP, population
size increased again. Removing dates from highly visible Neolithic
sites eliminated the increase that begins at approximately 4400 cal
BP, but did not affect the increase that began around 6000 cal BP
(Fig. 1, red curve). Thus, the summed probability distributions
indicate that there was a rapid increase in the size of the population
of Britain coincident with the arrival of domesticated plants. This is
inconsistent with the slow indigenous adoption hypothesis.

To determine which of the other two hypotheses is best sup-
ported by the 14C data, we calculated the annual growth rate during
the growth phase between 6000 and 5610 cal BP with the formula
for exponential growth:

r ¼ ln½Nt=N0�=t

where N0 is the size of the population at the start of growth and Nt

is the size of the population at time t later. Recent skeletal sample-
based demographic work suggests that early Neolithic farmers in
mainland Europe increased, on average, at a rate of 0.1–0.2% per
year, and that this was considerably faster than the preceding
Mesolithic hunter-gatherers (Bocquet-Appel, 2008). British hunter-
gatherers attempting to adopt farming would have faced a much
steeper learning curve than farmers migrating from continental
Europe. Accordingly, the rapid indigenous adoption model predicts
an annual growth rate below 0.1–0.2%, while the migrant farmers
hypothesis predicts an annual growth rate equal to ordif the size of
the migrating population was largedabove 0.1–0.2%. The average
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annual growth rate we obtained for the 390 years between 6000
and 5610 cal BP was 0.37%. Thus, the 14C data support the migrant
farmers hypothesis better than the rapid indigenous adoption
hypothesis.

3. Regional variation in the Neolithic demographic transition

Having found that the 14C evidence is only consistent with the
migrant farmers hypothesis when dates from all regions of Britain
are analyzed together, we investigated whether the regional
variation in 14C date density also supports the migrant farmers
hypothesis. As mentioned earlier, there are several versions of this
hypothesis (Ammerman and Cavalli-Sforza, 1984; Childe, 1936;
Piggott, 1954; Sheridan, 2000, 2003, 2004, 2007). The version that
has been discussed most in recent years suggests that farming was
introduced independently to Scotland and England (Sheridan,
2000, 2003, 2004, 2007). One of these introductions is conjectured
to have occurred along the coast of Wales and the west coast of
Scotland between 6150 and 5850 cal BP, and to have been carried
out by farmers from Brittany. This migration is hypothesized on
the basis of the discovery at Achnacreebeag, Argyll, and a number
of other western Scottish sites of pottery that is similar to the
distinctive Breton Neolithic pottery known as Late Castellic Ware,
and the presence in Wales and western Scotland of two types of
tomb that are common in the Neolithic of Brittany, small closed
polygonal megalithic chambered tombs and small simple passage
tombs. Another introduction is posited to have occurred in
southwest England between 5950 and 5700 cal BP and to have
been mediated by farmers from Basse-Normandy and/or the
Channel Islands. This migration is hypothesized on the basis of
Fig. 2. Spatial density of full set of dates between
similarities between the simple passage tomb at Broadsands,
Devon, and a number of such tombs in Basse-Normandy and the
Channel Islands, and similarities between the trapezoid long
mound at Beckhampton Road, Wiltshire, and the one at Colomb-
iers-sur-Seulles, Basse-Normandy. The third introduction is
proposed to have occurred between 5900 and 5650 cal BP, and to
have been carried out by farmers from Nord-Pas-de-Calais and/or
Picardie. This migration is hypothesized on the basis of the pres-
ence in southern England of pottery that is similar to Carinated
Bowl Ware from the Nord-Pas-de-Calais/Picardie region, and of
styles of non-megalithic funerary practices and timber houses that
are found in the Neolithic of Nord-Pas-de-Calais/Picardie but not
in the Mesolithic of southern England. Further support for this
migration comes from the work of Tresset (2002, 2003, see also
Tresset and Vigne, 2007), who has identified close similarities
between the faunal spectra of several early Neolithic sites in
southern England and a number of middle Neolithic sites in the
Paris Basin.

To assess the validity of the idea that farming was introduced
independently to Scotland and England, we estimated the spatial
density of calibrated dates, summed over time slices of 100 years,
using kernel density estimation. The rationale for this approach is
similar to the one for the summed probability distribution method
of assessing population change through time. It assumes that
spatiotemporal variation in the density of dates after calibration
approximates spatiotemporal variation in population density. We
used the method to examine relative population density, but like
the summed probability distribution method it can in principle be
used to assess absolute population density if population densities
are known for one of the time slices.
6100 and 5300 cal BP in 100-year time slices.
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The spatial-density-through-time analysis was also based on
calibrated dates. The calibrated 14C date probability density curves
were assigned a latitude, a longitude and a site phase code. As in the
summed probability distribution analysis, we controlled for varia-
tion in dating intensity among site phases by summing all the
calibrated date curves for a given site phase, and adjusting the area
under the summed curve to equal one. The rescaled date densities
were then binned in intervals of 100 years and weighted two-
dimensional kernel density estimation performed for each time
slice. In the latter, the weight, x coordinate and y coordinate were
the binned date probability density, longitude and latitude,
respectively, for each site phase and each 100-year time slice. To
account for the curvature of the earth the 1� latitude:1� longitude
distance ratio was calculated at the median latitude point in the
area considered. The x–y grid was rescaled and isotropic Gaussian
kernel density estimation applied with a standard deviation of
50 km. Next, the spatial densities were plotted on a map for each
time slice. Lastly, we documented population density in each of the
major regions of Britain in each century, as well as the changes
between centuries. We controlled for the effect of highly visible
Neolithic sites on the results by removing dates associated with
barrows, cists, henges, causewayed enclosures and quarries,
generating a second set of maps, and then comparing the two sets
of maps. Again, we did not control for the effects of sea level change
because recent work suggests that by 8000 cal BP the coastline of
Britain was similar to it is today (Weninger et al., 2008). For the
reasons outlined earlier, we used the IntCal04 calibration curve
(Reimer et al., 2004) to calibrate the dates. Calibration was carried
out with the aid of CALIB 5.0.1 (Stuiver and Reimer, 1993). Isotropic
Gaussian kernel density estimation was performed using the
‘spatstat’ library (http://www.spatstat.org/) for the statistical
package ‘R’ (http://www.r-project.org/). Maps were drawn using
GMT software (http://gmt.soest.hawaii.edu/). Animations were
produced using ‘imagemagik’. All other data processing was per-
formed using routines written in Python.

The maps suggest that between 8000 and 6100 cal BP all regions
of Britain were sparsely populated (Supplementary movie 1). Then,
between 6100 and 5400 cal BP there was a dramatic increase in
population density (Supplementary movie 1 and Fig. 2). Southwest
England was the first region to experience an increase. It was
followed in the succeeding century by central Scotland. Subse-
quently, nearly all the regions of Britain experienced an increase in
population density. Post 5400 cal BP, there were complex and
varied demographic patterns. Controlling for highly visible
Neolithic sites had only minor effects (Supplementary movie 2).
Thus, the results of the spatial analysis support Sheridan’s (2000,
2003, 2004, 2007) hypothesis that farming was introduced sepa-
rately to southern England and Scotland, but suggest the order of
the migrations needs to be revised. The maps indicate that the
migration to southwest England occurred before the migration to
Scotland and not the other way around, as Sheridan (2000, 2003,
2004, 2007) contends. Because each map covers 100 years it is
difficult to be precise about how much time elapsed between the
migrations. It could be as much as 200 years, but given that the
summed probability distribution analysis indicated that Britain was
sparsely populated until 6000 cal BP it seems likely that the
migration to southwest England occurred closer to 6000 than to
6100 cal BP and therefore that the gap between the migrations was
less than a century.

4. Conclusions

The first set of analyses we carried out suggested that a dramatic
increase in the population of Britain began coincident with the
earliest evidence of food production, and that the average annual
growth rate during the period of population increase in question
was 0.37%. The former finding is consistent with the migrant
farmers hypothesis and the rapid indigenous adoption hypothesis
but not with the slow indigenous adoption hypothesis, while the
latter is in line with the migrant farmers hypothesis but not with
the rapid indigenous adoption hypothesis. Having found that the
14C evidence supports the migrant farmers hypothesis when dates
from all regions of Britain are analyzed together, we investigated
whether the regional variation in 14C date density also supports the
migrant farmers hypothesis. The results of this analysis were
consistent with the idea that farming was introduced indepen-
dently to Scotland and southern England by migrants from
northern France, but suggested that the timing of the two migration
events needs to be reversed such that the southern English one
occurred before the Scottish one. In our view, when these results
are combined with the stable isotope evidence for an abrupt shift in
diet between the late Mesolithic and early Neolithic reported by
Richards et al. (2003), Sheridan’s (2000, 2003, 2004, 2007) findings
regarding the material culture similarities between parts of
northern France and parts of Britain during the early Neolithic, and
the close similarities between the faunal spectra of early Neolithic
sites in southern England and middle Neolithic sites in northern
France documented by Tresset (2002, 2003, see also Tresset and
Vigne, 2007), the case for believing that the Neolithic transition in
Britain was mediated by a large influx of farmers from continental
Europe is compelling. The migrants’ arrival resulted in sudden and
dramatic economic, demographic and social change that seems to
have led to a ‘boom-to-bust’ cycle lasting 600–700 years, with the
initial rapid rise in population followed by an equally rapid decline,
heralding the very different cultural patterns of the later Neolithic.
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