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Abstract

Although population history and dispersal are back at the forefront of the archaeological agenda,
they are often studied in relative isolation. This contribution aims at combining both dimensions, as
population dispersal is, by definition, a demographic process. Using a case-study drawn from the
Early Neolithic of South-Eastern Europe, we use radiocarbon dates to jointly investigate changes in
speed and population size linked to the new food production economy and demonstrate that the
spread of farming in this region corresponds to a density-dependent dispersal process. The
implications of this characterisation are evaluated in the discussion.
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Introduction

Having been relegated to the shadows of archaeological theory for decades, dispersal and
population history (in particular population size) are now back under the spotlight, largely thanks to
new analytical developments originating from both within (e.g. summed probability distributions,
hereafter SPDs) and outside the discipline (e.g. isotopes, modern and ancient DNA). These
methodological refinements have, however, not been accompanied by comparable theoretical leaps
and both demographic topics, despite being intricately related, are often still considered in isolation.

The literature on the introduction of farming practices in Europe provides a good example of this
situation. While scholars have bitterly debated whether or not new incoming farming communities
were responsible for the introduction of domesticated plants and animals across the whole of
Europe (e.g. Ammerman & Cavalli-Sforza 1984, Robb and Miracle 2007, Whittle 2007, Fort 2012)
or at regional scales (e.g. McClure et al 2014, Brami 2015, Binder et al 2017, Blagoievic et al 2017,
Manen et al 2019), aDNA studies have partially settled the controversy. Genetic sampling and
analysis of Early Neolithic human bone samples systematically demonstrate in all regions of Europe
the introduction of a new genomic component whose eventual origins can be traced back to
Anatolia (e.g. Lazaridis et al. 2016, Mathieson et al. 2018). At the same time, numerous papers have
reported a rise in SPDs associated with the local onset of agriculture in various parts of Europe,
interpreted as the signal of a demographic regime shift triggered by the new productive economy
(e.g. Shennan et al. 2013, Balsera et al. 2015, McLaughlin et al. 2016). While scholars have linked
this demographic “boom” to the local immigration of a new population (especially Collard et al.
2010), few have explicitly and formally discussed the intimate relationship between the dispersal of
farming populations and concurrent changes in regional population sizes (e.g. Silva and Vander
Linden 2017).



This contribution argues that re-articulating population size and dispersal together is of paramount
importance for archaeology. The history of migrations in archaeology can largely be read as the rise
and fall of the popularity of available proxies, from pottery types during the heydays of culture-
history, to a variety of scientific techniques, most noticeably modern DNA in the late 1990s, Sr
isotopes in the early 2000s and now ancient DNA. It could be said that many archaeologists
passively wait for past human mobility to be identified by ancient DNA studies, which has led to a
dearth of archaeological methods and theories suited to characterise and explain such dispersal
processes. One way to reignite such creativity is to reconsider what cognate disciplines have to
offer, for instance population ecology, a field with a long tradition of mathematical modelling (e.g.
Skellam 1951, Levins 1966).

With this perspective in mind, this paper focuses on density-dependent dispersals, one particular
category of dispersal processes identified by population ecology. Using the spread of farming in
South-Eastern Europe as case-study, we combine geostatistical interpolation of 14C dates and SPDs
to jointly investigate changes in speed and population size linked to the new food production
economy, and to identify whether or this process can be characterised as density-dependent.

Dispersal as a demographic process

Population ecology is “the study of the distribution and abundance of organisms” (Turchin 1998: 1).
As a dispersal is but a change in the distribution of an organism, by definition population and
dispersal are intrinsically linked, though the corresponding mechanisms underlying this relationship
are both complex and variable (e.g. Matthysen 2012). Here, we focus on dispersal processes
whereby there is a functional relationship between population density and the rate of spread, so that
the population size increases until a certain density threshold is reached, at which point the
population starts redistributing itself through space under the form of an advancing wave-front
(Turchin 2002: 155; see also Matthysen 2005). Such processes form the conceptual and
mathematical basis of reaction-diffusion (or Fisher-Skellam) models, which have been the
quantitative method of choice in archaeology for assessing and modelling dispersals with suspected
demographic basis, such as farming (e.g. Pinhasi et al. 2005, Davison et al. 2006, Fort et al. 2012).
Without going into mathematical details (see Steele 2009 for an excellent overview), reaction-
diffusion models have two components: firstly, a reaction term based on population growth and,
secondly, a diffusion term linked to the population dispersal. Under these models, the rate of spread
blurs the first and second terms by being related to both the intrinsic population growth rate and the
mean spatial dispersal rate. Traditionally, the archaeological focus has laid on quantifying rates of
spread through statistical analyses of radiocarbon dates, as they provide precise estimates of the first
date of arrival of the corresponding archaeological phenomenon at different spatial locations (Steele
2009). However, the use of reaction-diffusion is predicated on the premise of the first, reaction term
which is determined by population growth. By contrast to the emphasis placed on quantifying rate
of spread, within archaeological studies population growth is generally assumed, rather than
empirically demonstrated, and is set using parameter values derived from instance from
ethnographic or historic sources, which may or may not be good analogues for prehistoric
demography (e.g. Fort 2012).

The original Fisher-Skellam model, however, does not encapsulate the diversity of dispersal
dynamics possible — a point thoroughly discussed by Steele (2009) but largely forgotten by
archaeologists since. Examples include the addition of: the Allee effect, which takes into account



that the low densities of a population at the wave-front increases its risk of extinction; a greater
length of time between birth and dispersal (e.g. Fort and Mendez 1999), environmental
heterogeneity in space and/or time (e.g. Silva and Steele 2014), or advection, i.e. the fact that
movement is made along preferential rather than random directions (e.g. Davison et al 2006). Here
we want to especially draw attention to a branch of Fisher-Skellam modifications that consider the
interrelationship between dispersal and demography, namely density-dependant dispersal models.
Steele et al (1998) first observed that, because the basic Fisher-Skellam model counterbalances a
logistic growth term with a diffusion term, it predicts that people will disperse preferentially into
adjacent regions where the population size is furthest from carrying capacity. However, this is not
always the case as people may decide to disperse along greater distances depending on
demographic, and hence population density dependent, pressures. When the diffusion term is
allowed to be density-dependent a range of new realistic behaviours emerge (Newman 1980). One
possible behaviour results from a negative correlation between population density and dispersal
distance, i.e. when the dispersal distance increases with decreasing population density, as would
happen, for example, when mate searching. Steele et al (1998) suggest this mechanism as
responsible for the accelerated human colonisation of the Americas. Conversely, when dispersal
distances increase with increasing population density, that is when there is a positive correlation
between the two, then one would only expect an increase in the rate of spread when the dispersal
distance is much larger than it would normally be (Steele 2009).

The argument put forward here is that SPDs offer a complimentary method to assess any
correlations between demography and the timing of dispersals as they provide, admittedly
imprecise and relative, means of quantifying change in population size and growth. They can
therefore be used, in conjunction with other more spatial methods, to assess the demographic
dynamics of dispersals which can provide clues as to what type of diffusion model best fits the
archaeological dispersal process under study.

Data and methods

The regional case-study chosen to illustrate our approach encompasses an area bounded between 37
N and 48.5 N and 10 E and 25 E. This region plays a key role in the dispersal of early farming as it
includes the earliest occurrences of plant and animal domesticates in Europe, and the origins of the
two main routes of diffusion responsible for introduction of early farming across most of the sub-
continent (Bocquet-Appel et al. 2009). In order to investigate chronological and spatial trends
across the area, we compiled from the existing literature a georeferenced dataset of 2267
radiocarbon determinations for 380 sites, covering the time period between 14000 and 5000 uncal
BP (ie Final Pleistocene, early and middle Holocene, thus bridging the date of local introduction of
domesticates by at least one millennium; see below). Although this record is more extensive than
for many parts of the world, the state of the documentation remains patchy in comparison to most of
Europe. The geographic distribution of samples is uneven, with areas with limited or no coverage
contrasted by areas with high-density clusters of dates (Figure 1). The differential impact of recent
research projects and diverging sampling strategies is particularly noticeable, with some studies
focusing on extensive sampling rate of individual sites in order to achieve local high chronological
resolution (e.g. Tasi¢ et al. 2015) and others maximising geographical coverage by seeking more
restricted numbers of dates across larger number of sites (e.g. Vander Linden et al. 2014).

<insert Figure 1 here>



We will first analyse the spatial structure of this dispersal by performing ordinary kriging of
radiocarbon dates. This is a necessary first step in order to understand better the spatial dynamics of
the dispersal process which is important to assess any correlations with demography (see Silva and
Steele 2017). Selected samples include dates on domesticated archaeobotanical or
zooarchaeological remains, and from archaeological cultural contexts directly associated with food
production. In order to filter out noise, we superimposed a 50x50km grid on the research area and,
for each cell, selected the oldest date. The resulting dataset was then used for the ordinary kriging.
This analysis was done using the gstat package in the R statistical environment (Gréler et al. 2016,
R Core Team 2020). In order to account for uncertainty in sampling, we also performed a kriging
analysis on a filtered version of the dataset which only include dates on short-lived material, i.e. a
priori assuming as unreliable any dates on charcoal, or any dates for which information on type of
sample is not available.

In order to investigate potential fluctuations in population, we aggregated radiocarbon data into an
SPD using the rcarbon package (Bevan and Crema 2020). Radiocarbon dates belonging to
individual sites were binned using 100-year bins and all simulations were run 1000 times. We have
constricted our temporal window to between 9500 and 6500 cal BP which bracket the local
Neolithic. Within this window, fluctuations in SPDs are largely made sense of via statistical
significance tests against theoretical population models using the modelTest function (Timpson et al
2014). When doing so, it is worth briefly considering the theoretical demographic implications and
assumptions of the models employed (e.g. Begon et al. 1996, Turchin 2003, Rockwood 2006). The
exponential model states that a closed population, i.e. one with no emigration or immigration, set in
a stationary environment will grow (or decline) following an exponential trajectory (Turchin 2002:
19-22). This model is arguably simple and often unrealistic given its underlying assumptions of
closedness and constancy of resources. In this sense, any significant deviation between such a
model and empirical SPD indicates that other processes are at play in regulating population
fluctuations, which can be due to extraneous factors (such as an epidemic causing a significant
population drop) or more simply, when the exponential model’s underlying assumptions are not
valid. Although the quantification of deviations from the exponential model is of no help to identify
these processes as such, it provides robust foundations for further modelling and thus we perform
this analysis before proceeding any further.

If the exponential growth model proves to be a bad fit to the empirical data, we formally and
independently identify inflections in the mean of the summed density using a change-point analysis,
a technique routinely used for time series such as climate variation (e.g. Beaulieu et al. 2012). This
is done because, rather than immediately repeat the statistical significance test with more complex
models (which, it must be stressed, will always yield a result, regardless of whether or not it makes
sense to do so) we want to independently verify whether the long-term trend in the SPD time series
can justifiably be described with more complex models as opposed to, for example, when short-time
scale wiggles on top of an exponentially increasing background are present. It is also useful to
understand how complex a model one should aim for and, therefore, it is a useful tool to avoid
model overfitting. Change-point analysis of the mean of the SPD was performed using the
changepoint package (Killick and Eckley 2014).

As the change-point analysis results justified the use of a logistic growth model (see Results below)
we then rerun modelTest with a logistic null model. This model adds a maximum threshold for
population size, known as the “carrying capacity”, that regulates growth. It is this addition that



makes the rate of growth density-dependent. When starting with a very low initial population, or in
the case of invasion into a new habitat, the solution of the logistic equation exhibits a well-known
S-shaped curve whereby a small population experiences a rapid phase of growth which, when a
certain size threshold is reached, starts to decrease until it plateaus at the carrying capacity level
(Turchin 2003: 29). Comparing a logistic model with empirical data thus allows one to assess
whether or not such a phase of growth happened and, if so, its temporal brackets and amplitude.
Such characterisation is a key information for assessing potential density-dependent dispersal
processes, as the population growth term of reaction-diffusion equations is generally modelled as a
logistic growth (Steele 2009).

However, in the above we are only looking at the meta-population across the entirety of our domain
area. To understand the interrelated dynamics of dispersal and demographic within our domain we
need to look at the appropriate scale, as we have argued for previously (Silva and Vander Linden
2017). To do this one must track the dispersing wave-front at a scale that is not small enough that it
becomes invisible (due to, for example, low data resolution or poor sampling coverage) and not
large enough that one loses the local demographic signal and instead can only observe changes to
the meta-population. Here, we will use the spatial structure of the dispersal retrieved from the
ordinary kriging to divide our domain into the appropriate regions (see Results below). We will then
compare the demographic signals of the different geographical regions between themselves using
permTest function (Crema et al 2016). Finally, we look at smaller-scales for localised growth rates
as obtained using the sptest function (Crema et al 2017).

Code and data are available at the following: https://github.com/mavdlind/density.

Results

Figure 2 illustrates the results of spatial interpolation. As made evident by recent studies (e.g.
Lespez et al. 2013, Perles et al. 2013, Kraul8 et al. 2018), early farming is documented across
several river valleys of Greece and southern Bulgaria during the first half of the 9t millennium cal
BP. After a period of standstill, the diffusion resumes westwards by 8200-8100 cal BP and exhibits
a complex spatio-temporal structure, reminiscent of wider patterns observed across the entire
European sub-continent (Bocquet-Appel et al. 2009, 2012). Across the Danube basin, the spread is
overall spatially extensive and rapid, with early sites observed across the entire area. However,
several regions also exhibit a delayed introduction of plant and animal domesticates. In some
instances, this apparent delay seems artificial and is probably linked to lack of sampling (e.g.
southern Serbia), whilst in others this pattern is backed by extensive data (e.g. lower Vrbas basin in
northern Bosnia & Herzegovina: Vander Linden et al. 2014). The spread of early farming across the
Adriatic basin is — counter-intuitively given the likely use of boat technology — slower and exhibits
a clear SE-NW gradient. Whilst farming practices are documented along the eastern and southern
Adriatic coast around 8000-7800 cal BP, it is only practised by 7600-7500 cal BP across the entire
area. We can therefore identify three regions with differing dispersal dynamics (Greece, Adriatic
and Danube basin) which will be used subsequently.

<insert Figure 2 here>

The results of the kriging analysis done on the high-quality samples only are highly similar, with
two exceptions (Figure 1 SI). Firstly, as the distribution of dates is patchier to start with, the



predicted surfaces rely far more heavily on the interpolation process as such. Secondly, the
interpolated start date for early farming in Greece appears to be delayed by several centuries, a clear
methodological artefact linked to the simple filtering process adopted. Despite older discussions
regarding the existence of a Neolithic phase pre-dating 8300 cal BP in continental Greece (e.g.
Reingruber & Thyssen 2009), the introduction of farming is indeed now uncontroversially set at c.
8600 calBP for both northern (Dikili Tash eastern Macedonia: Lespez et al. 2013) and southern
Greece (Franchthi, Argolid: Perles et al. 2014). Although somewhat unrealistic, this short example
demonstrates the perils of over-demanding data hygiene, which are as potentially damaging as all-
encompassing, uncritical data collection.

The empirical SPD presents noticeable fluctuations, especially an apparent rise from 8000 to 7400
cal BP, followed by a 100-years long dip, and a return to high values from about 7200 cal BP
onwards (Figure 3). The data exhibits significant deviations from the exponential null model (p =
0.0099). In particular, two segments suggesting a lower than expected population up to 8000 cal BP,
encompass both the Mesolithic period and the introduction of early farming to Greece and southern
Bulgaria. Two other segments suggesting higher populations appear around 7800-7500 cal BP and
7200-7000 cal BP.

<insert Figure 3 here>

The change point analysis identifies three distinct segments in the SPD (Figure 4, top). The first
segment, between 9000 and about 8000 cal BP, corresponds to the lowest mean in summed density
and, as already mentioned, encompasses the Mesolithic period and the introduction of early farming
in Greece and southern Bulgaria, and also matches the marked negative deviation from the
exponential model. The second segment, between 8000 and 7200 cal BP, corresponds to the second
episode of farming dispersal, with a marked rise until 7700 cal BP, followed by a nearly
symmetrical drop until 7200 cal BP. The final segment, between 7200 to 6500 cal BP, represents the
highest mean in summed density and includes a marked positive deviation from exponential model.
In chrono-cultural terms, it corresponds to the local Late Neolithic, a period that we will only make
occasional references to as its chronological span lies outside the remits of the present contribution
(e.g. Porcic¢ 2020).

<insert Figure 4 here>

The increasing trend identified by the change-point analysis indicates three phases, which is
suggestive of logistic growth since, as discussed above, it posits an initial period of slow population
uptake, followed by a period of fast growth, and closed by another period of slow uptake as the
population reaches carrying capacity. We then proceeded to tun modelTest with a logistic growth
null model where we obtained a p-value of 0.001 (Figure 4, bottom). The positive deviation at the
beginning of the SPD is a mere artefact of method (as the model is fitted to a given later start date).
The negative deviation between 8200 and 8000 cal BP indicates that, for that part, the rate of
growth of the SPD is slower than the theoretical one. A perfect coincidence between the logistic
model and the empirical SPD between c. 8000 for 7500 cal BP roughly matches the second stage
identified by the change-point analysis. Finally, there is a deviation from the logistic null model
from c. 7400 to 7300 cal BP, as the empirical SPD does not grow continuously until the highest
overall density is reached. The last segment derived from the change point analysis corresponds to
the highest recorded summed density, with minimal localised positive deviations from the logistic
null.



The permutation test comparing the trajectories for Greece, and the Danube and Adriatic basins
shows staggered starting points for the uptake of each empirical SPD (Figure 5). For Greece, the
main episode of growth occurs 8400 and 8200 cal BP, with corresponding positive deviation from
the other two regions lasting until c. 7900 BP. In the Danube basin, the growth in summed density
begins shortly before 8000 and reaches its peak around 7600 cal BP. This peak corresponds to the
sole — positive in this instance — deviation from the other regional signals, as otherwise the
empirical SPD sits within the overall envelope, suggesting it drives the overall signal. A negative
deviation occurs between 7500 and 7300 calBP, corresponding to the drop in summed density
reported earlier. In the Adriatic basin, the empirical SPD exhibits a rise from c. 8000 cal BP until c.
7450 cal BP although it appears as a negative deviation from the other areas until c.7600 cal BP. A
positive deviation is recorded between 7500 cal BP and 7200 cal BP, as the local peak in summed
density is reached here at a later stage. As in the Danube basin, this peak is followed by a drop in
the empirical SPD, although it appears as a positive deviation from the other two regions,
suggesting its more limited amplitude.

<insert Figure 5 here>

Regional variations in growth rates are also observed in point-based comparisons. Figure 6 shows,
on the left panel, statistically significant demographic growth expressed as positive and negative
local deviations from the regional norm, and on the right panel, actual values expressed in average
yearly growth rate. For the period between 9000-8500 cal BP and 8500-8000 cal BP (figure 6, top),
sites across Greece, the Danube basin, Southern and Eastern Adriatic all present positive growth
rates, although positive deviations are only observed for southernmost Adriatic and Greece. By
contrast, the Northern Adriatic is characterised by negative growth rate values and negative
deviations. Between 8500-8000 and 8000-7500 cal BP (figure 6, middle), all sites exhibit a positive
growth, with positive deviations distributed in south-central Adriatic, and, inland across the entire
Pannonian basin and adjacent areas. Negative growth, and associated negative deviation, occurs in
eastern Serbia, especially in the area of the Danube Gorges. From 8000-7500 cal BP to 7000 cal BP
(figure 6, bottom), positive growth rates and deviations are confined to the western part of Danube
basin and the north-western half of the Adriatic basin. Other areas exhibit a wide range of values,
with negative growth and deviations present in areas located well behind the expanding front of
farming, such as eastern Serbia and Greece.

<insert Figure 6 here>

Discussion

The analysis of radiocarbon dates for the Mesolithic-Neolithic transition in the Balkans confirms
the existence of a human dispersal process contemporary with the spread of plant and animal
domesticates. The spatial interpolation of the radiocarbon record demonstrates the complex spatial
and temporal structure of this spread, marked by an earlier episode in Greece, followed after a
standstill by an expansion phase across both the Danube and Adriatic basins. The change point
analysis indicates three distinct segments in the empirical SPDs for the entire research area, the first
change point chronologically coinciding with the second phase of farming dispersal. The positive
deviation of the empirical SPDs from the exponential model demonstrates that this regime shift is
characterised by faster than predicted growth, suggesting that the expected trajectory of the local
Mesolithic population cannot account for the observed signal as already observed by Silva and



Vander Linden (2017). The comparison of the empirical SPD with the fitted logistic model
reinforces this view. The lack of deviation between c. 8000 and 7500 cal BP confirms this to be
when the highest phase of growth occurs. Following readings of similar signals in other European
regions (e.g. Shennan et al. 2013), we interpret this “boom” in the empirical SPD as the expression
of a new demographic regime enabled by the new farming economy.

The permutation test contrasting the signals for Greece, the Adriatic and Danube basins
demonstrates that the spatial structure of the spread as identified by kriging of radiocarbon dates
translates into changes in population size at the regional level. There is a spatio-temporal lag
between the regional “boom” events, confirming previous work identifying a travelling wave-like
behaviour associated with the dispersal of farming across Europe (Silva and Vander Linden 2017).
Likewise, regional and temporal variation in the growth rates show that these are systematically and
statistically higher at the wave-front rather than in areas behind it. Notably, our analysis highlights a
correlation between wavefront (as observed in the kriging) and population density (using the SPDs
as proxy) wherein, for the Danube basin both rate-of-spread and density are high, whereas in the
Adriatic both are low. This observed co-variation of wave-front speed and regional population
growth rates ,as remarked upon above, indicates a density-dependent dispersal process rather than,
for instance, spatial patterns linked to density-free processes (e.g. Jeltsch et al. 1997).

The identification of a density-dependent dispersal reinforces existing aDNA data on the presence
of a new population. More fundamentally, it also provides a platform for further elucidation of the
processes shaping this dispersal and the period immediately following it. It is essential to realise
that the original formulation of both exponential and logistic models only relies upon endogenous
factors, i.e. related to the population itself. Even under such limited conditions and without further
exogenous or density-independent (e.g. environmental) factors, both models can exhibit a range of
different behaviours (Rockwood 2006: 79-89). Likewise, it is known since Skellam’s seminal article
(1951) that a key variable in density-dependent dispersal is the growth rate at the front. Under the
reaction-diffusion model, the growth rate remains constant, leading to a constant progression of the
wave-front. Discrepancies between this theoretical prediction and empirical observations for Europe
have been highlighted on multiple occasions, and many scholars have sought to identify and model
exogenous factors responsible for the slowing down and/or acceleration of the wave (e.g. river and
sea travel: Davison et al. 2005, Silva and Steele 2014; climate: Krauf3 et al. 2018; see also Bocquet-
Appel et al. 2012). Although there have been attempts at considering space competition and the
density of foraging populations (e.g. Isern et al. 2012), to our knowledge, there have been minimal,
if any, attempts at considering changes in the population density of the incoming Neolithic
communities. Sullivan and colleagues’ simulations have however demonstrated that Allee effects
and spatio-temporal variability of the population density behind the front can generate fluctuations
in the rate of spread (Sullivan et al. 2017). From this perspective, it is worth asking whether or not
SPDs can help to test this hypothesis for past density-dependent human dispersals. In turn, a more
accurate understanding of the potential effects of local population density is necessary to re-assess
the role of exogenous factors, such as habitat fragmentation and carrying capacity (e.g. Van Dyken
& Zhang 2019), on the speed of dispersals.

Drops in the empirical SPDs after the “boom™ have been observed for several European regions,
although their precise start relative to the “boom” and duration vary enormously (e.g. Shennan et al.
2013: fig. 3 and table 1). A similar, very short, “bust” is recorded in the empirical SPD for the
Balkans but only proves statistically significant against the logistic null model — unsurprising,



considering this model expects population to stay at carrying capacity once it reaches it. Such
events have sometimes been interpreted as a sign of Neolithic farming not being successful in the
long run, an argument convincingly made for Britain where the “bust” lasts for several centuries
parallel to profound transformations of farming practices, settlement patterns and social practices
(Colledge et al. 2019). In our study area, however, neither zooarchaeological nor archaeobotanical
data show profound changes for the period under consideration (e.g. Gaastra et al. 2019). An
alternative hypothesis is that this “bust” is the artefact of a travelling wave type of dispersal, as part
of the local population emigrates away from this region as the dispersing travelling wave resumes
its course (Silva and Vander Linden 2017). An argument towards this thesis is the contemporaneity
of this drop in the SPD with the date recently suggested for the earliest dispersal of the LBK (see
Jakucs et al. 2016). This being said, it is noteworthy that such oscillations in population size,
ranging from dampening to chaotic, can also occur because of endogenous factors such as time-lags
between population size and resource availability (i.e. amount of resources available being related
to the pressure on these resources immediately before; May 1975, Begon 1996: 60-2).

Conclusion

Thanks to numerous methodological developments inside and outside the discipline, we are
experiencing exciting times where an increasing number of archaeologists address topics such as
dispersal and population history in general. This methodological focus should however not be made
at the expense of more general theoretical considerations: there is a fundamental difference between
the identification and the characterisation — yet alone understanding — of a dispersal process. Here
for instance, using a combination of spatial interpolation, SPDs and explicit evaluation of
theoretical demographic growth models rooted in population ecology, we conclude that the spread
of early farming in the Balkans was a density-dependent dispersal. This conclusion is in many
respects expected given the technological nature of this transition and implies further specific
hypotheses to be tested regarding the impact of changing population size and density on the
travelling wave. Furthermore, it is also worth asking if the same properties are met by later
dispersals documented by ancient DNA for Europe.

Whilst SPDs offer a unique, if blurry, window into the former, the latter remains more elusive. Yet,
the joint assessment of both topics is a preliminary, necessary step to assess the interplay between
human populations and exogenous factors, such as habitat fragmentation or climate change.
Although the temptation to focus on such rewarding “low hanging fruits” in light of modern debates
is high and understandable, this should not be made at the expense of methodological and
theoretical precaution.

Figures

Figure 1: distribution map of radiocarbon dataset

Figure 2: ordinary kriging of 14C dates associated to the spread of farming
Figure 3: SPD and exponential null model

Figure 4: change-point analysis (top) and logistic null model (bottom)

Figure 5: regional spatial permutations



Figure 6: average yearly growth rate for different time intervals. Left: positive and negative local
deviations of from the regional norm. Right: actual growth rate values.
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