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7preface

In the study of the distant human past, cer-
tain events and periods have come to repre-
sent decisive passages from one human state 
to another. From a global perspective, the 
characteristic feature of the last ten thousand 
years is that people in di�erent parts of the 
world, and at di�erent points in time, started 
to grow plants and domesticate animals. �e 
rise and dissemination of agriculture were 
crucial factors for the continued existence of 
humankind on earth. �e incipient agricul-
ture is often regarded as the very beginning 
of human culture, as it has traditionally been 
perceived in western historiography, that is, 
as control over nature and the “cultivation” 
of intellectual abilities.

As a result of the increasing national and 
international interest in the northern Europe-
an Neolithic (4000–2000 BC), combined with 
large-scale archaeological excavations which 
helped to nuance and modify the picture of 
the period, senior researchers and research stu-
dents formed a Neolithic group in 2010. �e 
Department of Archaeology and Ancient His-
tory at Lund University served as the base, but 
the group also included collaborators from 
Linnaeus University and Södertörn University, 
and from the Southern Contract Archaeolo-
gy Division of the National Heritage Board 
in Lund and Sydsvensk Arkeologi in Malmö 
and Kristianstad. 

Meetings and excursions in the following 
two years resulted in the holding of an interna-

tional conference in Lund in May 2013 entitled 
“What’s New in the Neolithic”. Invitations to 
this conference were sent to two dozen prom-
inent Neolithic scholars from northern and 
central Europe. 

�e conference was a great success, with 
presentations and discussions of di�erent 
aspects of innovative research on the Neo-
lithic. �e members of the Neolithic group 
took an active part in the discussions following 
the presentations. 

It was decided before the conference that the 
papers would be published. �e members of 
the Neolithic group also had the opportunity to 
contribute current research to this publication.

After the conference an editorial group 
was set up, consisting of Dr Kristian Brink, 
PhD student Susan Hydén, Professor Kristina 
Jenn bert, Professor Lars Larsson and Professor 
 Deborah Olausson. 

A grant was received from Riksbankens Jubi-
leumsfond for the meetings and excursions of 
the Neolithic group 2010–2013. We would 
like to thank �e Royal Swedish Academy 
of Letters, History and Antiquities and Berit 
Wallenbergs Stiftelse for grants which enabled 
us to hold the conference “What’s New in the 
Neolithic”. Grants from �e Royal Swedish 
Academy of Letters, History and Antiquities, 
and Stiftelsen Elisabeth Rausings Minnesfond 
�nanced the layout and printing of this pub-
lication. 

Preface
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Introduction
over 40 years ago David Clarke in his 
seminal work Models in Archaeology suggested 
archaeologists should construct explicit test-
able models (Clarke ed. 1972), but unfortu-
nately few European researchers do this for-
mally with cultural questions at large regional 
or supra-regional analytical scales. In contrast, 
multi-scaled explanatory models supported by 
highly theorized quantitative methods are the 

norm in the Natural Sciences. �e spectac-
ular success of evolutionary biology is a case 
in point and can be attributed to two major 
developments. Firstly, a developed population 
level theoretical approach emerging last cen-
tury resulting from biology’s “New Synthesis” 
followed by a staggering series of molecular 
level discoveries (Gilbert et al. 1996). Sec-
ondly, the development of complementary 
analytical tools that harness the exponential 

An ABC of lithic arrowheads 
A case study from southeastern France

Kevan Edinborough, Enrico R. Crema, Tim Kerig and Stephen Shennan

Abstract
If archaeology is to take a leading role in the social sciences, new theoretical and methodological advances 
emerging from the natural sciences cannot be ignored. �is requires considerable retooling for archaeology 
as a discipline at a population scale of analysis. Such an approach is not easy to carry through, especially 
owing to historically contingent regional traditions; however, the knowledge gained by directly addressing 
these problems head-on is well worth the e�ort. �is paper shows how population level processes driving 
cultural evolution can be better understood if mathematical and computational methods, often with a 
strong element of simulation, are applied to archaeological datasets. We use computational methods to 
study patterns and process of temporal variation in the frequency of cultural variants. More speci�cally, 
we will explore how lineages of lithic technologies are transmitted over time using a well-analysed and 
chronologically �ne-grained assemblage of central European Neolithic armatures from the French Jura. 
We look for sharp cultural transitions in the frequency of armature types by trying to detect signi�cant 
mismatches between predictions dictated by an unbiased transmission model and observed empirical data. 
A simple armature classi�cation scheme based on morphology is introduced. �e results have considerable 
implications for analysing and understanding cultural transmission pathways not only for Neolithic arma-
tures, but also for the evolution of lithic technology more generally in di�erent spatiotemporal contexts.
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London WC1H oPY, UK (CaSES Research Group, Department of Humanities, Universitat Pomepeu, 
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Department of Archaeology, Institute of Archaeology, University College London- 31-34 Gordon Square, 
London WC1H oPY, UK (Department of Archaeology, University of Belgrade, Serbia). e.crema@ucl.ac.uk

Archaeology of Pre-Modern Economies (DFG Research Training Group 1878), Universities of Cologne 
and Bonn, Albertus-Magnus-Platz, D-50923 Cologne, Germany. tkerig@uni-koeln.de

Department of Archaeology, Institute of Archaeology, University College London- 31-34 Gordon Square, 
London WC1H oPY, UK. s.shennan@ucl.ac.uk
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growth in computational processing power  
has expanded the array of tools for inves-
tigating increasingly sophisticated research 
questions. 

Our agenda is clear. If archaeology is to 
assume a lead role in the social sciences as 
opposed to simply following an agenda set by 
anthropology, it must undergo its own theoret-
ical “New Synthesis”. �is is because developed 
population level thinking (Boyd and Richerson 
1985) allows us to systematically analyse site 
and regionally-scaled consequences of aggre-
gated technological choices which result in 
the innovation and spread of cultural traits 
and “variants”.

Population thinking combined with compu-
tational modelling allows us to infer cumulative 
consequences of speci�c individual behaviours, 
enabling direct comparison between theoretical 
expectation and empirical observation. Archae-
ologists can bene�t enormously by applying this 
type of formal analysis to modelling cultural 
transmission following Boyd and Richerson’s 
theoretical lead (1985), as a testable narrative 
can be constructed that may be compared with 
the modelled e�ects of external environmen-
tal drivers of cultural variation, since expected 
ranges of summary statistics can be obtained 
and compared with other empirical evidence 
(Shennan 2011). 

Archaeology is now ideally positioned within 
the social sciences to evaluate and test explana-
tory models of cultural transmission on a case-
by-case basis, as this is the only discipline with 
direct access to material residues of individual 
decisions deposited in the cultural record over 
considerable periods of (sometimes) well-dated 
time and space. �e lithic residue of ancient 
lithic armatures provides us with a particularly 
good dataset for testing the predictions of the-
oretical and experimental quantitative culture 
transmission work (Bettinger & Eerkens 1999; 
Edinborough 2008; Mesoudi & O’Brien 2008a 
& b). Here we develop a paradigmatic classi-

�cation scheme and apply a simulation-based 
analysis to infer patterns of cultural change in 
a very well contextualized case-study area in 
western Europe. To do this we �t an unbiased 
transmission model (whereby the probability 
of adopting a given cultural trait is determined 
solely by its frequency in the population and the 
rate of cultural innovation; Boyd & Richerson 
1985) to the entire sequence and determine 
whether speci�c transitions exhibit strong diver-
gence from our expectations. First, however, 
we brie�y examine the historical reasons why 
some problematical assumptions are currently 
made by traditional lithic armature studies. 

A brief history of time’s arrowheads
�e ancient, ubiquitous and persistent nature 
of stone tools compared to many other lines 
of archaeological evidence provides us with 
an excellent opportunity to analyse mode and 
tempo of technological transmission with a 
suite of new methodological advances based 
on populational thinking (Shennan 2011). 

In archaeology, directional sequences of tech-
nological evolution could only be speculative 
prior to the development of taxonomic sys-
tems-theory, coupled with relative and radi-
ometric dating techniques. Systematic typolog-
ical classi�cation of lithics formally originated 
in Scandinavia, perhaps when the Swedish pol-
ymath Kilian Stobæus (1690–1742), himself 
a voracious collector of antiquities including 
many lithics, outrageously noted in 1738 that 
stone age axes and daggers were anthropogenic 
in origin, and not created by lightning as com-
monly believed (Per Karsten pers. comm.). �e 
in�uential classi�cation scheme of Stobæus’ 
more famous student at Lund, Linnaeus, subse-
quently revolutionized the science of taxonomy. 
�e underlying principle of Linnaeus’ seminal 
and in�uential Systema Naturae (1735) was 
typological, he provided an essentialist taxon-
omy for the natural world, directly related to 
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Aristotelian concepts of discretely named and 
categorized essences (Hull 1965; 1981). Biolo-
gy later rejected Linnaeus’ immutable catego-
rization of species and static natural ordering, 
supplanted in 1859 by Darwin’s �uid explana-
tory mechanism of biological “transmutation”, 
more commonly known as descent with mod-
i�cation. As Hull states, the three essentialistic 
tenets of typology following Aristotle are �rstly, 
the ontological assertion that (Platonic) forms 
exist; secondly, the methodological assertion 
that the task of taxonomy as a science is to 
discern the essences of species; and thirdly the 
logical assertion concerning a de�nition, that 
is to say the classi�catory type-name that des-
ignates an essence (Hull 1965, p. 317). When 
constructing a classi�catory system archaeol-
ogists can bene�t from an overt awareness of 
these tenets, as treating clearly variable tool 
types consciously or unconsciously as implicit 
essentialist species leads to a mismatch of units 
of analyses, technical lineages, and thus an 
erroneous analysis of the lithic data at hand 
(O’Brien & Lyman 2000). 

Armature classi�cation 
Our classi�cation scheme for Neolithic arma-
tures explicitly looks at the trait level rather than 
the whole artefact unit of analysis, avoiding the 
typologically rooted “species problem” (Hull 
1965), in an attempt to avoid the circularity of 
measuring interdependent technological traits 
(Edinborough 2008; Buchanan and Collard 
2007). We use a “paradigmatic” or materialist 
approach, as opposed to a typological essentialist 
approach (Dunnell 1971; O’Brien & Lyman 
2000), which sees types not as immutable enti-
ties like Linnaean species, but as populations 
of traits in a constant state of becoming (Hull 
1965). It was this revolutionary switch from 
an essentialist to a materialist philosophy in 
biology that was the key theoretical advance 
enabling the intellectual fecundity of the biolog-

ical New Synthesis (O’Brien & Lyman 2000).
As the only secure way to distinguish an 

arrow head from a dart head armature is the 
close association of a wooden shaft with a diag-
nostic knock end for a bow string (Rausing 
1967; Edinborough 2004), armatures are iden-
ti�ed as such by each individual lithic analyst. 
�is is done by noting hafting polish, agreed 
optimal metric ranges, high or low velocity spin 
o� fractures, or more likely a combination of 
these diagnostic features compared with known 
ethnographic analogies and experimental work 
(Edinborough 2008). Arrowhead identi�cations 
by di�erent analysts presumably have some 
degree of error, and issues remain as to correct 
identi�cation of artefact use-wear, reusage and 
resharpening (Knarrström 2001); although 
these issues are not signi�cant in a large enough 
spatial-temporal sample due to the destruc-
tive nature of a relatively high velocity impact 
(Knarrström 2001). Arrowheads are constrained 
by size for functional and engineering reasons 
(Friss-Hansen 1990), and can metrically sep-
arate out bimodally as separate distributions 
from generally larger dart points (Shott 1997), 
although the precise measurements, methods 
and results involved are hotly debated among 
lithic analysts (Edinborough 2004; 2008; Riede 
& Edinborough 2012). Circumalpine wetland 
archaeology has its own tool-type classi�catory 
issues that may prove problematic, as ambigu-
ous lithic tools, i.e. potential daggers, knives, 
or chisels, may possibly be misclassi�ed by a 
given analyst. 

Despite these potentially confounding issues, 
we do not believe this debate makes it problem-
atical to establish the lineages of technological 
descent we are interested in here, as the instanc-
es where armatures are perhaps misclassi�ed 
will appear as statistical outliers and can be 
accounted for. It follows that our classi�cation 
scheme places a greater emphasis on proximal 
and basal characteristics, following the work 
of Bettinger and Eerkens (1999), as the extant 
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archaeological and ethnographic evidence sug-
gests that there is considerably more variety in 
a projectile point basal element than the distal 
element, certainly prior to the later innovation 
of metal arrowhead mouldings (Saintot 1998). 

Case study 
Some scholars have applied population-level 
approaches towards understanding cultural 
transmission processes underlying armature 
assemblages with some success (e.g., Bettinger 
& Eerkens 1999; Mesoudi & O’Brien 2008a & 
b), whilst a general lack of armature sequenc-
es obtained from securely strati�ed sequences 
remains problematic. Finding deep-time secure 
temporal sequences with signi�cant numbers of 
armatures is a rare occurrence. It is di­cult to 
constrain relatively or poorly dated sequences 
with the necessary temporal precision required 
to tightly constrain explanatory models (Edin-
borough 2008). On the other hand, following 
a tradition over 150 years old, circum- alpine 
Neolithic lake-dwelling excavations present 
researchers with unprecedented strati�ed 
sequences (Pétrequin & Bailly 2004) especially 
since the Centre National de la Recherche Sci-
enti�que and the Sous-Direction de l’Archéol-
ogie made the lakes of Chalain and Clairvaux 
focused case-studies for French prehistory, with 
an intensive research programme instigated by 
Pétrequin (e.g., 1998). In particular, the sites 
on the shores of these lakes in the Jura region 
of southeastern France have an excellent chro-
nology associated with a highly detailed study 
of lithic armatures ideal for testing competing 
theories of cultural change (Pétrequin 1993; 
1998; Saintot 1998).

A series of cultural historical interpreta-
tions of these sites have been supported by 
various analyses of material culture arcing across 
southeastern France. A dynamic cultural milieu 
emerges, characterized by variation in techno-
logical and stylistic traditions (Pétrequin 1998; 

Saintot 1998; Shennan 2000). A comparison 
of the environmental pollen record with breaks 
in the settlement sequence and variation in dif-
ferent cultural assemblages (Pétrequin 1998) 
has shown clear support for models of abrupt 
cultural replacement in the French Jura region, 
notably in the appearance of the Horgen cul-
ture early in the 32nd century BC, followed by 
the transition to Ferrières cultural  assemblage, 
thought to intrude from the south, in the late 
31st century BC. �e development of the local 
Clairvaux culture then follows, down to c. 2750 
BC. From 2750 to 2400 BC armature mor-
phology diversi�es and this is thought to be an 
indigenous development in�uenced by great-
er trade networks in the context of the local 
Chalain culture. �e transition to the Bronze 
Age is perhaps not so clear-cut, with compet-
ing models of cultural replacement and grad-
ual change (Pétrequin 1998; Shennan 2000). 
�e subsequent standardization of arrows on 
barbed and tanged types indicates Bell Beak-
er in�uences from 2400 BC that carry on to 
the Middle Bronze Age in that particular area 
(Saintot 1998). 

�e original armature analysis by Saintot 
(1998) was based on de�ning 34 elementary 
morphological types, aggregated into 17 types, 
from 280 securely identi�ed arrowheads out of a 
total of 408 armature lithics, whose trajectories 
through time were characterized on the basis of 
their changing frequencies (Saintot 1998, Figs. 
38–40). Saintot concluded that the patterns of 
morphological variation she identi�ed in the 
di�erent types of armatures could be ascribed 
to a number of cultural processes relating to 
changes in the direction of the cultural a­l-
iations evidenced in the artefact assemblages 
from the sites concerned. �ese resulted from 
regional scale demographic movements and 
changing exchange links. Saintot used 9 chron-
ological phases (I: 3700–3600 BCE; II: 3450 
BCE; III: 3200 IV: 3100 BC; V: 3050–3010 
BCE; VI: 3010–2930 BCE; VII: 2850–2750 



217an abc of lithic arrowheads

BCE; VIII: 2750–2600; IX: 2600–1650 BCE), 
following Pétrequin (1998), although the �rst 
two were very poorly represented (only 5 arrow-
heads), and identi�ed two particular periods 
of change a�ecting not just armatures but also 
pottery and ornaments, the �rst c. 3200 BCE, 
marked by incoming communities from the 
east entering into contact with areas to the 
south and the second with the appearance of 
Bell Beaker material at c. 2500 BCE (Saintot 
1998, p. 207). 

Our study and classi�cation scheme di�ers 
from that of Saintot (1998) in two fundamen-
tal ways. First, in contrast to her type con-
struction we use as the basic type unit unique 
combinations of traits identi�ed by our para-
digmatic classi�cation. �e attributes used to 
construct the types and the types themselves 
are shown in �g 1. �e attribute values were 

derived from the armature illustrations in plates 
24–43 of Saintot cross referenced against the 
tables of data therein, and from previous eth-
no-archaeological research which indicates that 
the proximal end of lithic arrowheads contains 
the most variability and is therefore useful for 
measuring cultural and technological variation 
(Edinborough 2004; Saintot 1998). 

Second, our aim is not to relate the types 
to the broader cultural context of the sites, 
the main focus of Saintot’s discussion, but to 
�t evolutionary models of social learning and 
to address the question of whether any of the 
phase transitions showed a more marked change 
than predicted by the model. �ere are too few 
armatures present in phase II to investigate 
the phase II-III transition argued by Saintot 
to represent the earliest major change in the 
local sequence. �e other predicted signi�cant 

Fig. 1. Attributes used to de�ne the paradigmatic classi�cation for armature traits based on 
key morphological characteristics. Note the focus on capturing the greater variation present at 
the proximal end of the armature, which is often hidden when attached to an arrowshaft by 
mastic and binding technology (cf. Edinborough 2004).
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change is that associated with the appearance 
of Bell Beakers though it is ambiguous from 
Saintot whether this is represented by the phase 
VII–VIII or VIII–IX transition. 

Temporal changes in the frequency of arte-
fact types o�er the possibility for examining, 
inferring, and testing models of cultural trans-
mission (Neiman 1995; Shennan & Wilkinson 
2001; Kandler & Shennan 2013). Mathemati-
cal models originally developed in evolutionary 
biology, and modi�ed to incorporate dynamics 
intrinsic to cultural transmission (Boyd and 
Richerson 1985), allow us to make explicit 
quantitative predictions of population level 
summary statistics that can be tested against 
the observed record. 

Given that our objective is to examine poten-
tial variations in the evolutionary process over 
time, we chose as a summary statistic of our 
data the dissimilarity in the frequency of arte-
fact traits between all possible pairs of cultural 
phases. We use the Morisita-Horn dissimilarity 

statistic (Morisita 1959; Horn 1966), an eco-
logical index that quanti�es the compositional 
dissimilarity between two vectors of frequency, 
ranging from 0 (identical composition) to 1 
(complete absence of shared types). 

�e scatterplot in �g. 2 shows a signi�cant 
correlation between the two measures as expect-
ed (R2 =0.319, p-value= 0.024, Mantel Test 
with 1,000 permutations), as the longer the 
temporal distance between two phases, the 
higher the dissimilarity in the frequencies of 
di�erent armature types. On the other hand, 
the scatterplot also shows a variation in the 
dissimilarity between phases at approximately 
the same interval. Can we safely state that these 
di�erences are resulting from di�erent genera-
tive cultural transmission processes, or are these 
levels of diversity to be expected from the same 
process? Can we safely ignore the e�ect of sam-
ple size or time-averaging (e.g. Premo 2014)?

Here we use Approximate Bayesian Compu-
tation (ABC, Beaumont et al. 2002; see Crema 

Fig. 2. �e relative frequency of our armature types in each archaeological phase (left plot), and Morisita-
Horn dissimilarity against temporal distance (right plot) measured between the mid-points of each phase 
of all pairs of phases identi�ed at the Clairvaux-Chalain sites.
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et al. 2014 for an archaeologically tailored dis-
cussion on the method as well as methodo-
logical discussion of the present case study), a 
computational method that enables us to infer, 
for a given simulation model, the parameter val-
ues that will provide the best �t to an observed 
dataset. �is is achieved by iteratively generat-
ing arti�cial summary statistics (comparable to 
the observed ones) using di�erent parameter 
values sampled from a prior parameter distri-
bution. �e �nal output of ABC is a proba-
bilistic estimate of the parameters values that 
is informed both by the hypothesized model 
and the empirical data.

We used the dissimilarities plotted on �g. 
2 as our empirical data-set and assumed that 
if the generative process behind the empirical 
record was unchanging, di�erences in the dis-

similarity indices between the observed and 
simulated data should be small and randomly 
distributed. Consequently, any changes in the 
generative process (e.g. an increase in the inno-
vation rate, transmission mechanism, popula-
tion size) should lead to signi�cant deviations at 
key transitions (as those expected from phases 
VII–VIII and/or VIII–IX). 

Unbiased Cultural Transmission
One of the most commonly adopted models 
for exploring the frequency of di�erent artefact 
types is the unbiased transmission or random 
drift model (Boyd and Richerson 1985; Bent-
ley et al. 2004). �e key principle is that the 
most parsimonious initial assumption in the 
pattern of cultural transmission is a neutral 

Fig. 3. Simulation output of 
frequency change in cultural 
traits (left column) and cor-
responding scatter plot of 
Morisita-Horn dissimilarity 
vs. time distance. Simulation 
generated from an unbiased 
transmission model, with a 
population size of 500 and 
innovation rates of 0.01 (a), 
0.005 (b), and 0.001 (c). 
�e frequencies depicts the 
10 most common traits from 
each simulation.
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process where selective biases are absent. In 
other words, the likelihood of copying a cul-
tural trait is purely a function of how frequent 
this trait is. Under this model, two variables 
play a pivotal role in de�ning the dynamics 
of cultural evolution: the rate of innovation 
and the e�ective population size. �e former 
is simply the frequency by which a new cul-
tural trait is invented within de�ned interval 
of time t. �e invention is at the individu-
al level and does not necessarily imply the 
adoption of the trait by all other individuals. 
�e e�ective population size can be concep-
tualized in di�erent ways, from the number 
of social learners to the observed sample that 
play a role in the copying process. It is impor-
tant to stress that the e�ective population is 
not equivalent to the actual population size, 
although a positive correlation between the 
two can be expected. 

Fig. 3 shows how variation in the innova-
tion rate alone can generate di�erent patterns 
under the same unbiased cultural transmission 
process, though all of them bear a strong resem-

blance to classic archaeo-
logical “battleship curves”. 
When innovation rate is 
high (Fig. 3-a), variants 
have a shorter  time-span 
of existence. Consequently 
if we plot the dissimilarity 
against distance in time (as 
we did in Fig. 2) we have a 
steep curve, suggesting a fast 
rate of cultural evolution. 
When the rate of innova-

tion is low (Fig. 3-c), cultural variants have a 
longer persistence over time, and the scatter 
plot exhibits a shallower curve. �us depend-
ing on the rate of innovation we should expect 
di�erent levels of dissimilarity between two 
archaeological phases at the same temporal 
inter-distance. Fig. 3 also highlights how the 
very same model and parameters can generate, 
as a consequence of the random nature of the 
copying process, a range of dissimilarity values 
for the same temporal distance.

Fitting the model and detecting 
outliers
�e variation observed in �g. 3 indicates that 
given a temporal distance between archaeolog-
ical phases we might expect a variety of values 
in the dissimilarity measure depending on the 
choice of our model parameters. �is leads to 
the question of how we can evaluate episodes 
of signi�cant change at Clairvaux-Chalain, if 
we do not know what exactly we should expect. 
In other words, if the process generating the 

Fig. 4. Posterior density distribu-
tion of the two simulation para-
meters obtained from ABC.
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pattern observed in the frequency changes of 
arrowhead typology was unbiased transmission, 
what were the innovation rate and the e�ective 
population size? 

Fig. 4 shows the parameter estimates of the 
unbiased transmission model obtained from 
ABC. Assuming that individuals can socially 
learn approximately once a decade (for bow-ar-
row technology see Hill & Hurtado 1996), 
the simulation shows that the best-�t model 
has an innovation rate of approximately 0.01 
(equivalent to an innovation per 1000 years 
per person), and an e�ective population size 
between 200 and 1000. It is worth noting that 
these parameter estimates are functions of the 
assumptions built into the model (i.e. frequency 
of transmission events), and hence their inter-
pretation should be cautious, and restricted 
to relative terms, rather than absolute ones. 
However, a more conservative approach using 
bootstrapped summary statistics and a prob-

abilistic range (rather than a �xed value) for 
the frequency of transmission events yielded 
similar results (see Crema et al. 2014), suggest-
ing that the overall conclusion of the study is 
su­ciently robust. 

�e posterior estimates of the model param-
eter obtained from ABC enable us to estimate 
expected dissimilarity for any given pair of 
archaeological phases, taking into consideration 
sample size, time-averaging, temporal distance 
between the two assemblages, and the inferred 
innovation rate and e�ective population size. 
Fig. 5 shows such expected dissimilarity values 
for the transitions of our interest (phases VII to 
VIII and VIII to IX), which can be compared 
against the observed dissimilarity (shown as a 
vertical dashed line). �is strongly suggests that 
the observed dissimilarity is lower than that 
expected by the unbiased transmission model. 
Such a result is the opposite of what would be 
expected if there was a major cultural change 

Fig. 5. Dissimilarity ranges expected from the unbiased transmission compared to observed values (das-
hed line) for phases VII to VIII and VIII to IX.
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during this interval, despite the later appearance 
in phases VII–VIII and VIII–IX of distinctive 
barbed and tanged arrowhead morphologies, 
often intuitively associated with the dramatic 
arrival of Bell Beaker culture or perhaps even 
Horgen dagger technology (Furestier 2007; 
Vander Linden 2006).

Conclusions
�is paper shows how population level pro-
cesses driving cultural evolution can be better 
understood if mathematical and computational 
methods, often with a strong element of sim-
ulation, are applied to archaeological datasets. 
We navigate through persistent previous taxo-
nomic problems archaeologists inherited from 
other disciplines long ago by adopting a pop-
ulation-based approach, coupled with a trait-
based paradigmatic taxonomic classi�cation 
scheme for armatures and a statistical method 
that enabled us to formulate our hypothesis as 
a simulation model. 

We conclude that our population level 
approach uses new computer-based Bayesian 
methods that make it possible to generate sim-
ulation models integrating theory with archae-
ological evidence to compare outcomes with 
observed data. �is approach has great utility 
for studying armature evolution across Euro-
pean research traditions. Our approach is tai-
lor-made for exploring highly speci�c models 
of cultural transmission elsewhere in the archae-
ological record so we believe the implications 
for better understanding other technological 
lineages with this methodology are profound. 
We hope this new approach and others like 
it will enable archaeology to undergo its own 
much needed New Synthesis. 

Acknowledgements 
�is research was funded by the European 
Research Council Advanced Grant number 

249390 awarded to Prof. Stephen Shennan 
for the EUROEVOL project. Many thanks 
to Prof. Lars Larsson for the opportunity to 
contribute to this volume, and to Prof. Mark 
�omas, Dr. Marc Vander Linden, Dr. Felix 
Riede, and the EUROEVOL team at University 
College London for thought-provoking discus-
sions. Special thanks to Dr. Per Karsten and Dr. 
Bo Knarrström for all the support provided to 
the �rst author during (and after) his doctoral 
research. Analyses has been conducted using 
R statistical programming language (R Core 
Team 2013) using the vegan (Oksanen et al. 
2013) and abc (Csilléry et al. 2012) packages.

References
Beaumont, M. A., Zhang, W. & Balding, D. 2002. 

Approximate Bayesian Computation in Population 
Genetics. Genetics 162.

Bentley, R. A., Hahn, M. W. and Shennan, S. J. 2004. 
Random drift and culture change. Proceedings of the 
Royal Society B 271(1547).

Bettinger, R. L., and Eerkens, J. 1999. Point typologies, 
cultural transmission, and the spread of bow-and-arrow 
technology in the prehistoric Great Basin. American 
Antiquity 64.

Boyd, R. and Richerson, P. J. 1985. Culture and the Evo-
lutionary Process. Chicago. 

Buchanan, B., and Collard, M. 2007. Investigating the 
peopling of North America through cladistic analyses 
of early Paleoindian projectile points. Journal of Anth-
ropological Archaeology 26(3).

Clarke, David L. 1972. Models in archaeology. London.
Crema, E. R., Edinborough, K., Kerig, T., Shennan, 

S.J. 2014. An Approximate Bayesian Computation 
approach for inferring patterns of cultural evolutio-
nary change. Journal of Archaeological Science, Volume 
50, October 2014.

Csilléry, K., Francois, O. and Blum, M. G. B. 2012. abc: 
an R package for approximate Bayesian computation 
(ABC). Methods in Ecology and Evolution 3.

Dunnell, R.C. 1971. Systematics in prehistory. New York.
Edinborough, K. 2004. Evolution of bow-arrow technology. 

PhD diss., University College London.
– 2005. Weapons of maths instruction: A thousand years 

of technological stasis in arrowheads of the South Scan-
dinavian Middle Mesolithic. Papers from the Institute 
of Archaeology 16.

– 2008. Population history, abrupt climate change and 



223an abc of lithic arrowheads

evolution of arrowhead technology in Mesolithic south 
Scandinavia. In Shennan, S. J.(ed.), Pattern and Process 
in Cultural Evolution. Berkeley.

Friss-Hansen, J. 1990. Mesolithic cutting arrows: Fun-
ctional analysis of arrows used in the hunting of large 
game. Antiquity 64.

Furestier, R. 2007. Les industries lithiques campaniformes 
du sud-est de la France. BAR: British archaeological 
reports. International series 1684. Oxford.

Gilbert, S.F., Opitz, J. M. & Ra�, R. A. 1996. Resyn-
thesizing evolutionary and developmental biology. 
Developmental Biology 173.

Hill, K. & Hurtado, M. 1996. Ache Life History: �e Eco-
logy and Demography of a Foraging People. New York.

Horn, H. S. 1966. Measurement of “Overlap” in compa-
rative ecological studies. �e American Naturalist 100.

Hull, D. 1965. �e E�ect of Essentialism on Taxonomy 
– Two �ousand Years of Stasis (I) �e British Journal 
for the Philosophy of Science Vol. 15, No. 60.

Hull, D. 1981. Units of evolution: a metaphysical essay. 
In Jensen, U. J. and Harré, R. (eds.), �e philosophy 
of evolution. New York.

Kandler, A. & Shennan, S. 2013. A non-equilibrium 
neutral model for analysing cultural change. Journal 
of �eoretical Biology 330.

Knarrström, B. 2001. Flint: a Scanian hardware. Malmö.
Linnaeus, C. 1735. Systema naturae, sive regna tria natu-

rae systematice proposita per classes, ordines, genera, & 
species. Leiden.

Mesoudi, A. & O’Brien, M. J. 2008a. �e Cultural Trans-
mission of Great Basin Projectile Point Technology I: 
An Experimental Simulation. American Antiquity 73.

– 2008b. �e Cultural Transmission of Great Basin Pro-
jectile Point Technology II: An Agent-Based Computer 
Simulation. American Antiquity 73.

Morisita, M. 1959. Measuring of the dispersion and ana-
lysis of distribution patterns. Memoirs of the Faculty of 
Science, Kyushu University, Series E. Biology, 2.

Neiman, F. D. 1995. Stylistic Variation in Evolutionary 
Perspective: Inferences from Decorative Diversity and 
Interassemblage Distance in Illinois Woodland Cera-
mic Assemblages, American Antiquity 60. 

O’Brien, M. J. & Lyman, R. L. 2000. Applying Evolu-
tionary Archaeology: A Systematic Approach. New York.

Oksanen, J. F. Blanchet, G., Kindt, R. Legendre, P., 
Minchin, P. R. O’Hara, R. B., Simpson, G. L., Soly-
mos, P., Stevens, M. H. M. and Wagner, H. 2013. 

vegan: Community Ecology Package. R package version 
2.0–10. URL: HYPERLINK “http://CRAN.R-pro-
ject.org/package=vegan”http://CRAN.R-project.org/
package=vegan

Pétrequin P. 1993. North wind, south wind: Neolithic 
technical choices in the Jura mountains, 3700–2400 
BC. In Lemonnier, P. (ed.), Technical choices: transfor-
mations in material culture since the Neolithic. London.

–1998. I. Les lacs de Chalain et de Clairvaux: dynamique 
évolutive des styles céramiques et transferts de popula-
tion. In Gallia préhistoire 40.

Pétrequin P. & Bailly, M. 2004. Lake-dwelling research 
in France: From climate to demography. In Menotti, 
F. (ed.), Living on the Lake in Prehistoric Europe: 150 
Years of Lake-dwelling Research. London.

Premo, L. S. 2014. Cultural transmission and diversity in 
time-averaged assemblages. Current Anthropology 55.

R Core Team 2013 R: A language and environment for sta-
tistical computing. R Foundation for Statistical Com-
puting, Vienna, Austria. URL: HYPERLINK “http://
www.R-project.org/”http://www.R-project.org/.

Rausing, G. 1967. �e Bow: Some Notes on Its Origin and 
Development. Lund.

Riede, F. & Edinborough, K. 2012. Bayesian Radio-
carbon models for the cultural transition during the 
Allerød in southern Scandinavia. Journal of Archaeo-
logical Science 3.

Saintot, S. 1998. Les armatures de �èches en silex de 
Chalain et de Clairvaux. In Gallia préhistoire 40.

Shennan, S. 2000. Population, culture history, and the 
dynamics of culture change. Current Anthropology 41.

– 2011. Descent with modi�cation and the archaeo-
logical record. Philosophical Transactions of the Royal 
Society B, 366. 

Shennan, S. & Wilkinson, J. R. 2001. Ceramic Style 
Change and Neutral Evolution: A Case Study from 
Neolithic Europe. American Antiquity 66 (4).

Shott, M. J. 1997. Stones and shafts redux: the metric 
discrimination of chipped-stone dart and arrow points, 
American Antiquity 62.

Vander Linden, M. 2006. For whom the bell tolls: Soci-
al hierarchy vs. social integration in the Bell Beaker 
culture of Southern France. Cambridge Archaeological 
Journal 16 (3).

Vang Petersen, P. 1999. Flint fra Denmarks Oldtid. Copen-
hagen.




