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Abstract 

This study discusses the extent to which hunter-gatherer mobility strategies are changed by 

abrupt climate change events by monitoring changes in lithic assemblage compositions 

through the Pleistocene/Holocene Transition, from ca. 14,000 cal BP to 10,000 cal BP in 

northwest Europe, with a focus on the Younger Dryas stadial event, which occurred around 

12,900 cal BP to 11,700 cal BP. A set of predicted archaeological indicators were formed from 

existing theoretical models, based largely on Binford’s logistical and residential mobility 

model, with the expectation that a more residential mobility strategy would be used by 

hunter-gatherer-populations during warmer climatic phases (i.e. the Allerød and Preboreal) 

and a more logistical mobility strategy would be used during cold climatic phases (i.e. the 

Younger Dryas). The lithic assemblages from sites across northwest Europe were then 

compared with these expectations in order to determine if a shift from a more residential 

strategy to a more logistical strategy can be seen from the lithic record. Additionally, a further 

comparative dataset was collected from south Europe in order to determine if there were 

differences in the response to the Younger Dryas at lower latitudes where the impact of this 

event is assumed to be less severe. The results found that in northwest Europe there is 

evidence to suggest there was indeed a shift from a more residential strategy during the warm 

Allerød interstadial to a more logistical strategy during the Younger Dryas Stadial, and the 

adoption of a more residential strategy with the return of warmer conditions during the 

Preboreal. However, it appears that the Preboreal Interstadial shows significant differences 

between the Allerød Interstadial, with the Preboreal sharing more characteristics in common 

with the Younger Dryas. This has been interpreted as a response to the unstable climatic 

conditions reported from the environmental evidence in this region during the Preboreal, 

which may have limited the ability of hunter-gatherer populations to return to similar levels 

of residential mobility seen during the Allerød.  

The south Europe dataset provides evidence that the lesser impact of the Younger Dryas at 

lower latitudes brought about a more muted response by hunter-gatherer populations to this 

event when compared with the northwest. However, there appears to be a reversal of that 

seen in the northwest, with more logistically mobile populations during the Allerød and 

especially the Preboreal, and more residentially mobile populations during the Younger Dryas. 



                                                                                      

This is despite the environmental evidence showing a very similar environmental response to 

the northwest, with a distinct opening of the landscape during the Younger Dryas. The 

apparent difference in mobility strategies appear to be more related to the available faunal 

species within a region and their behaviour within their environment rather than directly to 

the climate. In the south, species such as red deer and ibex are the main source of faunal 

subsistence throughout the Pleistocene/Holocene Transition, unchanged by shifts in 

temperature and environment, but the way in which hunter-gatherers would hunt such 

species would be expected to change in more wooded environments compared with more 

open environments. If we compare this with the northwest, there is evidence of a distinct 

change from hunted prey, such as red deer, during the Allerød and Preboreal, to reindeer and 

horse during the Younger Dryas (although faunal preservation is poor in this region). With this 

shift to a more mobile prey species, along with a harsher, more open environment it may be 

more suitable to practise a more logistical strategy. Additionally, the instability of the 

Preboreal may have also changed the environment on a smaller scale, which would have 

required the hunting of warmer climate prey in shifting local environments, much like that of 

the Younger Dryas in south Europe. This might explain the differences seen between the 

Allerød and the Preboreal. 

Overall, there appears to be strong evidence supporting the theory that colder, harsher 

climates promote a more logistically mobile response from hunter-gatherer populations as 

seen in the northwest of Europe, and that there was a more muted, different response to the 

Younger Dryas in the lower latitudes of south Europe. However, it is the opinion here that 

changes in human mobility are not controlled directly be climatic conditions, rather controlled 

by the available major prey species and their behaviour in changing environments.    
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Introduction 

There has long been the assumption that largescale climate change events have been a major 

causation of hominin behavioural change, either biologically or culturally, in early prehistory 

(Calvin, 2002; Hetherington and Reid, 2010; Lahr and Foley, 1998; deMenocal, 2011); have 

been hypothesised as the causation of the displacement and even decline and regional 

extinction of Neanderthals in more northerly regions of their range in Europe (Mellars, 1998; 

Hublin and Roebroeks, 2009); and has also often been described as a major factor in 

anatomically modern human cognitive evolution, where complex art, tools, and group 

interactions occurred as a possible responsive strategy (Banks et al., 2013; Verpooten and 

Nelissen, 2010). In more recent prehistory, the Last Glacial Maximum (LGM) ca. 25-18kBP, has 

been widely thought of as driving human populations out of large parts of northern-western 

Europe, with many believing that there was a drastic reduction in population and mass 

migrations into more southerly regions to escape the oncoming glacial ice sheets, possibly 

affecting our genetic evolution (Tallavaara et al., 2015; Andel and Davies, 2003; Lahr and 

Foley, 2003; Straus, 1991). However, these events lasted for thousands of years, and 

determining whether these changes were the direct result of climate change seems dubious, 

especially with the error ranges in radiocarbon (C14) dating in earlier prehistory. There may 

have been many other factors in play which led to many of the cultural changes we see during 

the LGM.  

This study attempts to identify how humans responded to major climatic events by observing 

changes in their mobility strategies, interpreted from their material remains. The decision was 

to focus on the Younger Dryas (YD) event in northwest Europe (ca. 12,900-11,700 cal BP), in 

which there was an abrupt, and short-lived, climatic shift to near-glacial conditions from the 

previous climatic upturn from the LGM. It is thought that the abrupt nature of this event, that 

took only a matter of a century to shift from climatic and environmental conditions near to 

that of today, to near glacial conditions, would be an outstanding candidate to more reliably 

assess to what degree major climate change events affect hunter-gatherer populations. This 

event also has the advantage of being the most reliably dated major climatic episode in 

human history, although a plateau in the C14 calibration curve at its terminal phase 

complicates dating assemblages from the transitional phase to the Holocene. This study has 
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focused on the area of northwest Europe encompassing the U.K., northern France, Belgium, 

The Netherlands, northern Germany, Denmark, and western Sweden (Fig i1), where the 

conditions of the YD stadial would be at its most severe in the western European region that 

is the focus of this study, and thus assumed would have had the greatest impact on hunter-

gatherer populations. 

This study aimed to create a robust set of expectations to predict how hunter-gatherers 

organised themselves within the landscape, and use these expectations to indicate mobility 

change in response to the climatic and environmental changes during the 

Pleistocene/Holocene Transition, using only their material record. As large parts of northwest 

Europe, within the proposed study area, have poor organic preservation due to sandy soils, 

and thus very few sizeable faunal assemblages, the decision was made to focus solely on their 

stone tool assemblages, which are well preserved in the region. Therefore, these predictions 

will focus on how stone tool assemblages would be characterised in warm climate and cold 

climate environments based on the large body of literature discussing theories and models 

on hunter-gatherer mobility. From this set of predictions, indicators from the archaeological 

record will be put forward to compare the stone tool assemblages of hunter-gatherer 

populations in northwest Europe from before, during, and after the YD, in order to observe 

any possible changes in the characteristics of the assemblages, and thus mobility, that could 

be related directly to climatic and environmental change.  

To achieve this, a comprehensive dataset of stone tool assemblage inventories will be 

collected from site reports and various publications from sites in the northwest European 

region in order to test these predictions and ascertain what type of mobility strategies were 

employed, and to what extent they changed, in response to the YD. Additionally, a further, 

smaller, comparative dataset will be collected from the south European region, in order to 

observe the differences in hunter-gatherer responses in an area assumed to be less directly 

affected by the YD. This region will encompass northern Spain, southern France, northern 

Italy, and Croatia (Fig i1). It is expected, that whatever the human mobility response to the 

YD in the northwest, the response in the South would be more subdued (Jones, 2016). 
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(Fig i1: Map of Europe showing the northwest and southern regions focused upon in this 
study (modified map image from Envisat satellite, European Space Agency, 2007)) 

 

This study looks to address a number of research questions, which are as follows: 

 What was the extent of the climatic and environmental changes in response to the YD 

in northwest and southern Europe? 

 How can one predict potential changes in hunter-gatherer mobility in prehistory from 

the archaeological record?  

 What are the predicted mobility strategies of hunter-gatherer populations in warm 

and cold climates? 

 What indicators within hunter-gatherer stone tool assemblages are suitable for 

determining changes in mobility? 
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 How do hunter-gatherer populations respond in terms of mobility to the YD in 

northwest Europe through evidence from their stone tool assemblages? 

 To what extent do hunter-gatherer populations respond differently in lower latitudes 

in southern Europe, where the effects of the YD were less pronounced? 

 How do hunter-gatherer populations respond to the YD event globally, based on 

current research and how do the results of this study agree or disagree with this 

current knowledge? 

 What indicators within hunter-gatherer stone tool assemblages are suitable for 

determining changes in mobility? 

In order to address these questions, the following chapters will systematically approach the 

key topics relating to climatic and environmental change and mobility, and then present and 

discuss the results of this study.  

 

Chapter 1 will discuss the climatic and environmental changes that occurred during the 

Pleistocene/Holocene Transition from the Allerød Interstadial, to the YD Stadial, and into the 

Preboreal (PB) Interstadial. Firstly, a comprehensive synopsis of the climate and environment 

in the main northwest region will be presented, followed by a brief synopsis of climate and 

environment in the comparative South region. This will provide a framework in which to 

understand the environments in which hunter-gatherers existed, and thus inform the 

expectations and predictions discussed and formulated in Chapter 2. 

Chapter 2 will provide an overview of the current theories and models, both archaeological 

and anthropological, for hunter-gatherer mobility, assess which theories are applicable to 

observing changes in stone tool assemblages, and create a methodology for indicators of 

mobility change based on stone tool assemblages. This methodology will be applied, in 

Chapters 4, 5, and 6, to the assemblages in the collected databases.  

Chapter 3 will then evaluate the northwest dataset (which will form the main focus of 

analysis) in order to test the reliability of the data and to assess any possible sources of bias. 

Any such sources will be addressed, where possible, so that the results produced will be 

robust enough from which to make reliable interpretations. As the southern dataset is a 

smaller sample collection of sites for the purposes of comparison, it was considered 
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unnecessary to evaluate this set in such detail, as it is already under the assumption that bias 

will be introduced due to low sample sizes in this dataset.  

Chapters 4 and 5 will then present the results of the analysis of the main northwest dataset 

and comparative south dataset, using the methodology set out in Chapter 2, while Chapter 6 

will compare the two sets of analyses from Chapter 4 and Chapter 5 in order to identify any 

differences in hunter-gatherer behaviour between higher and lower latitudinal regions. 

Finally, Chapter 7 will discuss the results of the analyses, in terms of the research questions 

proposed here, to determine how human populations organised their settlement strategies. 

Comparisons will be made with other studies in Western Europe, and then globally, to see 

how these results agree or disagree with the global body of research into human responses 

to the YD.  
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Chapter 1: Climate and Environment 

1.1 - Introduction 

This chapter provides a climatic and environmental background for this study to allow the 

comparison of dated human occupations to dated climatic and environmental events. 

Assigning climatic and environmental events to specific dates is fraught with difficulties as will 

be seen, but nevertheless these comparisons currently give us the closest estimates of the 

conditions that would have been experienced by prehistoric hunter-gatherer populations. 

This study looks specifically at the time period from 14,000 to 10,000 cal BP and encompasses 

several climatic events. These are, in order, the Allerød interstadial, the YD stadial, and the 

Preboreal. The Allerød interstadial (ca. 14,000-13,000 cal BP) and YD stadial (12,900-11,700 

cal BP) are associated with the Pleistocene epoch while the Preboreal chronozone (ca. 11,700-

10,000 cal BP) is associated with the Holocene epoch.  

The extensive and well documented climatic data for the northwest region (see Fig 1.1 for an 

overview) will be presented first, followed by a description of climate changes in the 

southwest of Europe. 
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1.2 - Climate and Environment in Northwest Europe 

1.2a - The Allerød Interstadial (ca. 14,000-12,900 cal BP) 

The Allerød interstadial follows the short lived stadial event known as Dryas II which occurred 

between the Bølling and Allerød Interstadials. At the onset of this period conditions in 

northwest Europe become rapidly warmer (although not as warm as the previous Bølling 

interstadial). The Allerød interstadial consists of three phases:  

1. An initial wet and warm phase 

2. A sharp colder and drier phase 

3. A final wetter and warmer phase 

In regards to temperature, research by Brooks and Birks (2000; 2001) found that the 

chironomid data from Whitrig Bog, southeast Scotland, show Allerød mean July air 

temperatures peaking around 12⁰C, correlating well with the known flora in this region. The 

mean July temperatures in northern England are thought to have reached around 11⁰C-13⁰C 

with temperatures increasing towards the end of the Late Glacial (Walker et al., 1993). This is 

also reflected by the environmental data collected at St Bees, Cumbria, northwest U.K. (Coope 

and Joachim, 1980), and Glanllynnau in North Wales (Coope and Brophy, 1972). Evidence 

from the analysis of chironomid data from five sites in the northwest of England (Hawes 

Water, Little Hawes Water, Urswick Tarn, Cunswick Tarn and Sunbiggin Tarn) suggest average 

Allerød temperatures of between 12⁰C-3⁰C (Lang et al., 2010; Bedford et al., 2004) and in 

southern England, pollen data from Sea Mere, Norfolk, southeast England, indicates southern 

England and Wales were slightly warmer than northern England with average summer 

temperatures of around 13⁰C (Isarin and Bohncke, 1999; Walker et al., 2003). However, beetle 

evidence suggest that summer temperatures began to cool from ca. 13,300 cal BP (Atkinson 

et al., 1987), which is also seen in the study by Bedford et al. (2004) who found temperatures 

in fact declined slowly towards the end of the Allerød to a minimum of approximately 11.4⁰C 

but with a short rise in temperature of around 1.5⁰C just before the rapid decline into the YD. 

This short upturn can be clearly seen in the pollen diagrams of this region with evidence of a 

short-lived expansion of birch woodland just before the YD stadial (Walker et al., 1993; 2003; 

Innes et al., 2009).  
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Regional pollen diagrams also indicate a distinct cold fluctuation at the end of the Lateglacial 

in the U. K., prior to this short warming period, which was accompanied by a contraction in 

birch woodland and an increase in juniper and open ground taxa (Walker et al., 1993; Innes 

et al., 2009). This cold climatic fluctuation is dated to around 13,100 cal BP at Llanilid, South 

Wales, where there is evidence that temperatures dropped by 4⁰C-5⁰C (Walker et al., 1993). 

The northern French beetle evidence at Conty suggests that the climate throughout most of 

the Allerød in the Somme Valley was much like todays with many species still present in the 

modern-day assemblages. However, some species of cold climate adapted beetles inhabit 

more northerly latitudes. These species are adapted to colder climates than modern day 

northern France which suggests the Allerød in the Conty region was slightly colder than the 

present day (Ponel et al., 2005). From this, Ponel et al., (2005) estimate mean July 

temperatures were close to 16⁰C and mean January/February temperatures between 0⁰C and 

-5⁰C. However, malacofauna data from Conty in the Somme Valley, also show during the 

second half of the Allerød, between 13,529 ± 145 cal BP and 13,313 ± 158 cal BP, there is a 

clear decline in species richness and diversity in the malacofauna suggesting increasing 

dryness and a shift to less favourable conditions (Limondin-Lozouet and Antoine, 2001). This 

drier phase is also seen by the pollen study of northern France by Ponel et al. (2005).  

In the Netherlands, the Allerød mean July temperatures were between 13⁰C-16⁰C based on 

coleoptera faunal remains, and at least 14⁰C based on floral remains. Chironomid-inferred 

mean July temperatures of ca. 16.0°C-16.5°C during most of the Allerød at Hijkermeer, 

northwest Netherlands (Heiri, 2007), also fall within this range. Coleoptera data indicate that 

average winter temperatures were between -16⁰C and +6⁰C. At the end of the Allerød, around 

13,200 cal BP, as with the U.K. evidence, there is again evidence for a climatic fluctuation with 

a decline in mean July temperatures. January temperatures were considered to have dropped 

to between -13⁰C and -16⁰C, with the lower range inferred from coleoptera data. With the 

summer temperatures largely unchanged these temperature conditions would allow for deep 

seasonal frost and a more intensive action of the freeze-thaw cycle (Hoek and Bohncke, 2002; 

Hoek et al., 1999). This cold phase is also supported in the Belgian evidence where the faunal 

analysis by Cordy (1991) found that there was a small peak of cold adapted species (especially 

Norway lemmings) evident during this period (Cordy, 1991). 
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There is clear evidence that the Allerød was a general warming phase, but how did this effect 

the environment? At the onset of the Allerød there was an increase in forest cover, with an 

open birch/juniper woodland developing in the more northerly regions of the study area, such 

as Scotland (Brooks et al., 1997), and the replacement of the replacement of juniper scrubland 

with birch woodland across most of England and Wales ca. 14,000-13,700 cal BP (Walker et 

al., 1993).  Evidence suggests that the maximum expansion of birch woodland occurred 

around 13,400 cal BP in northern England (Innes et al., 2009), but there is evidence of a north-

south gradient in birch pollen percentages suggesting there was a higher cover of birch the 

further one travels south (Innes et al., 2009).  This general pattern of expansion of birch 

woodland (but with the addition pine) and a decline in herbs and shrubs is also seen in 

northern France (Ponel et al. (2005), the Netherlands (Hoek, 1997; Hoek and Bohncke, 2002), 

Belgium (Cordy, 1991), and northern Germany (Terberger, 2006a). However, in the 

Netherlands, there is evidence of a later expansion of pine and a decline in herbs and shrubs 

such as salix and juniper that indicates a colder, drier phase (Van Geel et al, 1989), and by 

13,200 cal BP pine dominates the vegetation, but by 13,000 cal BP wetter conditions meant 

that the pine forests could not be sustained and died back. Many of the dead pine were prone 

to forest fires and burnt down, which is the reason why the Usselo soil of Allerød age 

frequently contains charcoal particles (Hoek and Bohncke, 2002). This is supported by Van 

Geel et al. (1989) who found there was a sharp decline in pine and a rise in birch pollen during 

the transitional phase of the Allerød/YD transition. 

Lake level activity in the Netherlands during this period, from 14,000-13,200 cal BP, were high 

(except for a short period around 13,500 cal BP) which is thought to have caused birch to 

return to the region. However, interestingly, there is evidence from the Dutch lake data from 

13,200-13,000 cal BP, that there is a low in lake levels, which sometimes led to hiatuses in the 

sedimentary sequence (Hoek and Bohncke, 2002). This low in lake levels corresponds well 

with the sharp downturn seen towards the end of the Allerød both in the U.K. and the 

Netherlands around the same time ca. 13,100 cal BP. 

Allerød Summary 

It is clear that, over much of the north-western European region, the Allerød is a phase of 

warming and establishment of trees, mainly birch in the U.K. and birch and pine in mainland 

Europe. Temperatures are estimated to be between 13°C-16°C with evidence of a general 
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north-south gradient. However, this period should not simply be regarded as a homogenous 

warm interstadial (as also noted by Pettitt and White (2012). There are some studies 

suggesting there was a gradual cooling from the start of the Allerød to the beginning of the 

YD (Atkinson et al., 1987). There are also two fluctuations seen in some records; firstly, a 

significant drop in temperature by as much as 4°C-5°C ca. 13,100 cal BP; secondly, a brief, but 

significant, warm stage just before the beginning of the YD between ca. 13,000-12,900 cal BP.  

The general readvance of trees and forest would have no doubt forced a change in hunter-

gatherer settlement and subsistence organisation, with new species becoming available in a 

less open environment. However, the evidence for colder and drier fluctuations might be 

important, especially in terms of this study, as human populations may have briefly adapted 

their mobility strategies to these conditions within a commonly generalised warming phase.  

1.2b - The Younger Dryas Stadial (ca. 12,900-11,700 cal BP) 

The YD is a stadial event that occurred ca. 12,900-11,700 cal BP over much of the northern 

hemisphere. Temperatures dropped drastically with the onset of YD and in northwest Europe 

where there was a re-advancement of glacial ice sheets over much of Scotland and 

Scandinavia. There have been several theories put forward to explain the trigger for the YD 

stadial, with no clear cause identified. These theories go outside the scope of this study and 

will not be discussed here.  

Brooks and Birks (2000; 2001) chironomid data show mean July temperatures in southeast 

Scotland drastically decreased by at least 4⁰C-5⁰C at the YD onset, stabilising at about 7⁰C-

8⁰C. This corresponds well with the pollen data for this region at this time. However, these 

temperatures are not as cold as those inferred from the degree of glacial readvance that is 

known to have occurred in Scotland (Brooks and Birks, 2001), which would point to 

temperatures being 2⁰C-4⁰C lower than those suggested by the coleoptera evidence (Brooks 

and Birks, 2000; Brooks, 2006). There is also evidence there may have been a slight increase 

in average temperature by 1⁰C in the second-half of the YD (Brooks and Birks, 2001). 

In northern England and Wales, mean July temperatures were between were 9⁰C-11⁰C and 

winter temperatures were as low as -15⁰C to -20⁰C (Walker et al., 1993; 1994; Coope and 

Joachim, 1980; Atkinson et al., 1987). This shows around a 1⁰C-2⁰C increase in mean July 

temperatures from those at Whitrig Bog, Scotland, for the same period. Both Bedford et al. 
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(2004) and Lang et al. (2010) show that temperatures fluctuated through time in the U.K 

during this period. At the onset of the YD, July temperatures dropped by about 4°C, reaching 

between 8°C-9°C, later rising by about 1°C to values of around 9⁰C-10⁰C, with a final fall in 

temperature just before the rapid rise at the beginning of the Holocene. In southern England 

and Wales, there is evidence temperatures were slightly warmer with mean July 

temperatures of around 10⁰C-11⁰C (Walker et al., 2003; Hunt and Birks, 1982). However, 

Walker et al. (1994) and Isarin et al. (1998) also find strong evidence suggesting a subdivision 

of the YD, of an earlier cold and wet phase by a relatively warmer and drier phase.  

The temperatures of southern England and Wales are similar to those of northern France 

(Gandouin et al,. 2007; Limondin-Lozouet and Antoine, 2001) and Belgium (Isarin and 

Bohncke, 1999), with chironomid data from St-Momelin in the Omer Basin, France, suggesting 

YD mean July temperatures ranging from 9°C-11°C in this region (Gandouin et al., 2007). The 

subdivision of two phases can also be seen at St-Momelin (Gandouin, 2007) and at Conty 

(Limondin-Lozouet and Antoine, 2001). Chironomid assemblage’s characteristic of “lotic 

phases” seem to correspond to precipitation increases, while “lentic phases” correspond to 

precipitation decreases. The results from St-Momelin show a good correlation with the 

climatic subdivisions of the YD with the first phase showing a maximum of lotic taxa, and the 

second phase showing a distinct rise in the lentic taxa (Gandouin, 2007). At Conty, 

malacofauna species diversity decreases rapidly at the onset of the YD and the environment 

appeared to have been colonised by aquatic taxa typical of stagnant habitats. There is also 

evidence for a reduction of vegetation cover and a renewed fluvial activity. In the second-

half, aquatic taxa decline while hygrophile cold-tolerant species increase, indicating a 

development of vegetation under slightly more stable and drier conditions (Limondin-Lozouet 

and Antoine, 2001). Temperatures were also similar in the Netherlands with mean July 

temperatures between 10⁰C-11⁰C (Bohncke, 1993; Hoek and Bohncke, 2002), and from 

coleoptera evidence mean January temperatures dropped from between -16⁰C and +6⁰C to 

between -15⁰C and -7⁰C (Hoek and Bohncke, 2002). This brought a decline in the mean annual 

temperature to below -1⁰C (probably between -2⁰C and -5⁰C), and allowed the development 

of a discontinuous permafroast, which is supported by fossil periglacial phenomena (Bohncke, 

1993; Hoek and Bohncke, 2002). These temperatures lasted to ca. 12,700 cal BP where the 

mean annual temperature rose above -1⁰C and discontinuous permafrost conditions were 
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terminated and mean July temperatures rose to between 13⁰C-15⁰C. However, in the absence 

of snow cover, conditions may still have been very severe for plant life (Hoek and Bohncke, 

2002). There are slightly higher chironomid-inferred mean July temperatures of ca 13°C-14°C 

during the YD at Hijkermeer, northwest Netherlands (Heiri, 2007), and these temperatures 

are more in line with those proposed for the second-half of the YD than the first-half, and may 

be supported by analysis of macrofossils at Borchert that found, during the latter part of the 

YD, the presence of certain herbaceous forms such as Typha latifolia, indicate a minimum 

average July temperature of 12-13°C (Van Geel et al., 1981). Palynological records from the 

Netherlands again support the YD subdivision (i.e. an initial cold, wet phase followed by a 

warmer, drier phase) with an increase of steppe and halophytic species, such as Artemisia, 

evident during the latter half of the YD (Walker et al. 1994). 

This abrupt drop in temperature caused a significant change in the environment with a clear 

decrease in scrub taxa and an increase in herb taxa in Scotland, with evidence of tundra-like 

conditions and a decrease in warm-water taxa and an increase in cold-water taxa (Brooks et 

al., 1997). In northern England, birch woodland was replaced by a predominantly herbaceous 

flora with an arctic/alpine steppe. However, there is some evidence birch persisted into this 

period with birch macrofossils found at Skipsea Withow Mere, dating to the first-half of the 

YD (Walker et al., 1993). The evidence strongly suggests, in northern England, there was a 

largely open steppe or steppe-tundra landscape, with localised discontinuous permafrost 

characterised by cold, desiccating easterly winds (Walker et al., 1993; 1994; Lang et al., 2010). 

In southern England and Wales there is evidence of a more scrub tundra, with a mixture of 

birch, salix and a range of open-habitat taxa becoming established locally (Walker et al., 2003; 

Hunt and Birks, 1982). Like the Allerød, this general pattern of landscape-opening is also seen 

in northern France (Ponel et al., 2005), the Netherlands (Van Geel et al., 1989: Hoek, 1997: 

Hoek and Bohncke, 2002), Belgium (Cordy, 1991), and Germany (Terberger, 2004). However, 

there appears to be a slight difference in the reaction of vegetation in Belgium, which appears 

to have resisted the cold rather well, and an open birch and pine forest where an herbaceous 

undergrowth appeared (Cordy, 1991), compared to scrub and tundra steppes in the UK and 

the Netherlands. This may suggest that some areas in Belgium were protected from the cold 

of the YD and possibly represent an environmental enclave in this region. Cordy (1991) 

suggests the environment is mainly open, but probably less homogeneous possibly indicating 
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a mosaic of distinct landscapes. Palaeohydrological and palynological data from Belgium again 

strongly echo the YD subdivision of an initial cold, wet phase followed by a warmer, drier 

phase (Walker et al., 1994). 

The Dutch evidence also finds that the YD transition saw a sudden rise in lake levels from the 

lowered levels at the end of the Allerød (Hoek and Bohncke, 2002). Lake levels again dropped 

at around 12,700 cal BP when species growing in the border zone of the lakes start to increase, 

most notably mosses that grow in shallow water, start to appear and increases in aeolian 

activity also point to drier conditions (Hoek and Bohncke, 2002). Palaeohydrological data from 

the Netherlands indicate the later part of the YD was significantly more arid than the earlier 

period prior to ca. 12, 500 cal BP, shown by evidence from Germany where Terberger (2004) 

found the maximum openness in Vorpommern is found at the end of the YD, which might be 

the result of a drought. 

Summary 

There is clear evidence of an abrupt climatic deterioration at the onset of the YD which is 

universally seen in the northwest European record. There is a significant reduction in tree 

cover and evidence for the opening of the landscape leaving an environment resembling an 

“arctic tundra” over large parts of northwest Europe. Several studies indicate that some 

warmer climate trees such as birch persist into this period suggesting, at least in specific 

enclaves, the YD may not be as severe as the climate records imply. This event, like the 

Allerød, was not a homogeneous climatic phase, but characterised by two distinct episodes. 

Within the literature there is strong evidence of a general pattern of two phases within the 

YD (Isarin and Bohncke, 1999; Limondin-Lozouet and Antoine, 2001; Gandouin, 2007; Hoek 

and Bohncke, 2002): 

1. An initial cold, wet phase (ca. 12,900-12,500 cal BP)  

2. A warmer, drier phase (ca. 12,500-11,800 cal BP).   

Hoek and Bohncke (2002) and Terberger (2004) found, in the Netherlands and northern 

Germany respectively, the YD transition saw a sudden rise in lake-levels from the lowered 

levels at the end of the Allerød. This wet period coincides with a drop in temperature 

occurring around 12,700 cal BP, while palaeohydrological data from the Netherlands indicate 
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that the later part of the YD was significantly more arid than the earlier period prior to ca. 

12,500 cal BP, with a clear increase in steppe and halophytic species (Walker et al. 1994). The 

maximum openness of the YD is recorded towards the end of this period in northern Germany 

which Terberger (2004) believes may be the result of drought conditions. He also notes there 

is a clear north-south gradient in temperatures in northern Germany probably as a 

consequence of the Scandinavian Ice Sheet. This caused colder conditions in more northerly 

areas and warmer temperatures in more southerly areas. However, the UK does not show 

such a clear division, but there is a warming pattern of about 1°C through the YD (Lang et al., 

2010). 

The dramatic onset of colder semi-glacial conditions, with the presence of open steppe-

tundra, and the re-appearance of cold adapted ungulates (notably reindeer and horse) in 

many regions of northwest Europe (Drucker et al., 2016; Bignon and Eisenmann, 2002) would 

have no doubt had a major effect on human hunter-gatherer populations. These particularly 

harsh conditions lasted until the mid-YD where there is a general consensus that conditions 

improved slightly during the second half of the YD. However, the initial phase, although cold, 

was wet with evidence for high lake-levels, while the second-half was warmer and drier with 

significant decreases in lake-levels. It is thought here that the wet conditions would have 

sustained human populations during the onset of this abrupt change, and not forced a retreat 

from more northerly regions, and this is argued from my previous unpublished MPhil thesis 

(Andrews, 2012), which found there to be no significant reduction in the number of C14 dates 

from the late Allerød into the early YD, while there was a distinct decrease in the number of 

C14 dates during the latter half of the YD. There was also evidence for lower numbers of C14 

dates during the drier phases of the Allerød and PB, suggesting drier phases had a bigger 

impact on human behaviour rather than temperature. Unfortunately, as we will see, the lithic 

assemblage sample size for the first-half of the YD is too low and thus no reliable comparisons 

can be made between the first and second halves of this period, and the YD will have to be 

treated as a single cold phase for the purposes of this study. 

1.2c - The Preboreal Chronozone (ca. 11,700-10,000 cal BP) 

In most parts of northwest and central Europe the transition to the Holocene sees a change 

from open vegetation to a dense forest. This change seems directly related to the rising 

temperatures which started ca. 11,560 cal BP and was possibly in the order of more than 5°C 
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within less than 80 years (Usinger, 2004), with beetle evidence in the U.K. suggesting 

temperature rates increasing by possibly as high as 2.8°C per century (Atkinson et al., 1987). 

The chironomid data from the northern England suggests an increase in mean July 

temperatures from the previous YD in the order of 5⁰C to between 13⁰C-14⁰C, and this 

amelioration is further pronounced in southern England, where evidence from South Wales 

indicate there was a marked increase in temperature in the order of 9⁰C-19⁰C ca. 11,400 cal 

BP (Walker et al, 2003; Hunt and Birks, 1982). However, there is also evidence for an 

interruption in this climatic upturn with a cold oscillation (possibly the “Preboreal Oscillation” 

or “PBO”) in the early Holocene where mean July temperatures dropped by up to 1⁰C (Lang 

et al., 2010; Bedford et al., 2004).  

This warming is also clearly seen in northern France, with estimated average temperatures at 

least 1°C-2°C higher than 12°C-14°C predicted from nearby sites in the more northern U.K. 

and Norway (Gandouin, 2007; Brooks and Birks, 2000; Bedford et al., 2004).  This is supported 

by Zagwijn’s (1994) study of indicator species in pollen records in northwest Europe from ca. 

11,500 to 11,000 cal BP that show that January and July temperatures can be estimated to be 

around 12°C-16°C respectively for this period in this region. At the onset of the Holocene at 

Conty, the malacofauna show a higher diversity, suggesting a climatic improvement, and the 

composition of the fauna seem to dramatically change with many of the species that became 

extinct during the Bølling Interstadial returning to the region (Limondin-Lozouet and Antoine, 

2001). 

Importantly there is a persistence of cold-water adapted taxa at sites such as St-Momelin. 

This may well be due to climatic instability from events such as the PBO, witnessed from many 

sites across northwest Europe from ca. 11,300-11,150 cal BP (Gandouin, 2007). However, it 

may also be due to relatively cool temperatures during the spring induced by cold winters 

(Gandouin, 2007), supported by Davis et al. (2003) whose Holocene climate reconstruction of 

northwest Europe shows that, from pollen data, winter temperatures were as low as -9°C in 

this area during the early Holocene, while the summer temperatures were already close to 

those of the present day. In the Netherlands, mean July temperatures were again likely 

restored to those of the previous Allerød values of between ca. 15⁰C-17⁰C (Hoek and 

Bohncke, 2002; Van der Plicht et al., 2004), and is supported by the chironomid-inferred 
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temperatures of 15.5°C-16.0°C during the early Holocene at Hijkermeer, northwest 

Netherlands (Heiri, 2007). 

In Scotland and northern England and Wales, the environmental evidence suggests a clear 

amelioration in the climate associated with the Early Holocene with significant increase in 

birch/juniper and Empetrum (an evergreen shrub) at the expense of herbaceous taxa and 

evidence of marl (Brooks et al., 1997). This pattern is clearly seen in the vegetation records of 

France (Gandouin, 2007), the Netherlands (Hoek and Bohncke, 2002; Van der Plicht et al., 

2004), Belgium (Crombé and Verbruggen, 2002; Crombé et al., 2011), and Germany 

(Terberger, 2004). In Germany, there is evidence that the closing of the landscape was rapid 

and probably took no more than 30-80 years (Klerk, 2004).  

Also, in the Netherlands from ca. 11,800 cal BP, there was a return to higher lake-levels 

indicated by the increase in aquatic taxa and a decline in telmatic (bog and peat swamp) taxa. 

There was also a spread of both birch and herbaceous plants suggesting a spread of wet 

localities. This is interrupted by a short-lived phase from 11,300-11,100 cal BP, where there is 

a sudden decrease in lake-levels, and mosses again appeared around the lake edges. The 

subsequent phase after 11,100 cal BP sees an increase in lake-levels and aquatic taxa, and 

marks the termination of this dry interval (Hoek and Bohncke, 2002). The Dutch botanical 

evidence also sees these fluctuations within the PB, indicating, from 11,800-11,100 cal BP, 

after an initial spread of birch at the beginning of the PB, there is evidence for a short, drier, 

period where there is a decrease in birch and an increase in steppe-like vegetation, rich in 

grasses around the Rammelbeek phase, ca. 11,300-11,100 cal BP (Hoek, 1997; Hoek and 

Bohncke, 2002; Van der Plicht et al., 2004). This data corresponds strongly with the reported 

drop in lake-levels. 

However, in northeast Germany, there is evidence the initial amelioration at the beginning of 

the PB caused a dramatic lowering of the groundwater levels, affecting the availability of 

water as shallow basins and lakes became desiccated, but this was quickly followed by a 

gradual rise of groundwater levels, in which valley basins became moist again (Klerk, 2004).  

PB climatic variability is also seen by Van der Plicht (2004) who found that, at Borchert, 

following the YD/PB transition, two climatic shifts could be inferred. Around 11,400 cal BP the 

expansion of birch forest was interrupted by a dry continental phase, which was dominated 
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by open grassland vegetation and can be ascribed to the PBO, as observed in the GRIP ice 

core. At 11,250 cal BP there is evidence of another sudden shift to a more humid climate. This 

second change appears to be related to: 

1. A sharp increase of atmospheric 14C 

2. A temporary decline of atmospheric CO2 

3. An increase in the GRIP 10Be flux.  

 

Van der Plicht et al. (2004) suggest this points to a decline in solar activity, which may have 

caused the changes in climate and vegetation at around 11,250 cal BP. Based on changes in 

the AP/NAP ratio and the dominant arboreal taxa at Borchert, they further subdivided the PB 

into three phases; a Friesland Phase, a Rammelbeek Phase and the Late Preboreal.  

 The Friesland Phase is characterised by a strong rise in the values of birch and was a 

period of rising mean summer temperatures (Van Geel et al., 1981).  

 The Rammelbeek Phase saw an interruption in the expansion of the forest and grasses 

such as Poaceae dominated the regional vegetation. Thermophilous plants, such as 

lily and Ceratophyllum suggest that dry conditions prevailed during this phase with 

relatively warm summers with mean July temperatures around 13°C-15°C (Van Geel 

et al., 1981), although the winter temperatures may have been low (Van Geel and 

Kolstrup, 1978; Van Geel et al., 1981).  

 During the Late PB, birch forest expanded again and the macrofossil record shows that 

birch occurred in the regional vegetation (Van Geel et al., 1981). The local presence of 

Sphagnum moss suggests relatively oligotrophic conditions (conditions lacking in 

nutrients) and a rainwater-fed local vegetation. There is also an immigration of Pine 

during the latter part of the Late PB phase (Van der Plicht et al., 2004). 

 

These PB climatic fluctuations are also seen in several pollen diagrams in northern Germany, 

which clearly show the PB warming was interrupted by a climatic setback, widely known as 

the PBO. These diagrams show a dramatic decrease in birch pollen, suggesting a return to a 

more open scrub or tundra similar to that of the YD. This drop in pollen may be linked to a 

drought caused by the lowering of the water table by river incision (Usinger, 2004). However, 

the timing and exact characteristics of this event vary significantly from one record to the 
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next. Some show evidence for a clear decrease in temperature of around 3-4°C with no 

changes in lake-levels in the early stages, while others show relatively warm conditions with 

drought around the mid-PB. This has led to the interpretation that there are actually two 

separate PBO events (PBO1 and PBO2).  

 PBO1 is an early PB event reflecting a decrease in temperature 

 PBO2 is an event which occurred in the middle PB and reflects an apparently drier 

climate, possibly caused by increasing temperatures.  

 

Pollen diagrams from Kubitzbergmoor clearly show two separate birch minima, the first at 

the beginning, and the second in the middle of the PB (Usinger, 2004). The first event can be 

explained by decreasing temperatures, while the second may have been caused by lower 

water levels, as implied by the maximum of green algae around this time. Similar patterns can 

be seen in high-resolution diagrams from Uteringsveen-2, Stokersdobbe, Plussee and 

Kreutzee (Usinger, 2004). However, at several sites in northern Germany, and further north 

in Denmark at the site Herthamoor, there are no indications of the climatic setback of the 

PBO (Terberger, T., 2006b). 

Summary 

With the onset of the PB, there is a significant reversal in the climate with a rapid re-

establishment of birch and pine forests, and a return to temperatures similar to that of the 

Allerød, and in some regions to that of today. However, it seems clear that the PB was a period 

of climatic instability, with several upturns and downturns. Many palaeoclimatologists and 

archaeologists recognise at least one major downturn, the PBO. During this event there is a 

decrease in tree cover and an opening of the landscape. The records from the lowlands also 

show a decrease in lake-levels during this period. The exact timing of this event has been 

difficult to resolve and is a contentious issue. Several experts believe that this difficulty stems 

from the fact that there is more than one climatic fluctuation during this period, which distorts 

the exact timing of the PBO. Van der Plicht et al. (2004) recognises at least three distinct 

phases: a Friesland Phase, a Rammelbeek Phase, and the Late Preboreal, while Usinger (2004) 

further provides evidence of the instability of the PB, suggesting that there may have been 

two PBO events (PBO1 and PBO2).  
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It is important to note that the PBO is not recognised in every environmental study as seen 

by the pollen diagrams from Endingen in northern Vorpommern, which show no evidence for 

a cold, open phase during the PB (Terberger, 2004). This may further the argument that 

environmental reactions to climatic events can also be highly dependent on a number of non-

climatic variables, most likely related to local landscape/geographical features. 

The rapid amelioration in the climate would have been easily noticeable to hunter-gatherer 

populations, with some studies theorising significant temperature rises and closing of the 

landscape within 30-80 years, thus only a few human generations. One would assume that 

this dramatic climate reversal would have had a distinct effect on how human populations 

behaved and interacted with this new environment. The closing of the landscape along with 

the introduction of new animal species would have significantly altered the way in which they 

hunted game. 

It also seems clear, from the current evidence, that the PB was a period of high instability in 

both the climate and environment throughout northwest Europe. This would no doubt have 

had a significant effect on the development of hunter-gatherer strategies. It is interesting to 

note that the Long Blade (or Bruised Blade) industries in northwest Europe span (from current 

C14 dated evidence) the length of the dry phase of the YD and well into the PB (from ca. 12,500 

cal BP-10,000 cal BP) while the Ahrensburgian industries span the entire YD and into the Early 

PB, seemingly unchanged (Lewis and Rackham, 2011; Froom, 2005; Jacquier, 2014; Mithen et 

al., 2015; Deeben and Schreurs, 2012). This may imply that the PB, which is generally thought 

of and characterised as a period of climatic amelioration, may have in fact been as, if not 

more, unpredictable for hunter-gatherer populations to live in, in terms of availability of 

water, animals, and vegetation. It is therefore possible to further imply that hunter-gatherer 

populations, faced with this climate instability in the PB, did not change their lithic technology 

from the preceding YD as there was no extended period of climatic stability until the latter 

stages of the Late PB in which changing technology would have been a more efficient strategy. 
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1.3 - Synthesis of the Southwest European Climate and Environment 

The environmental response in south Europe generally seems to have been remarkably 

similar to the northwest, (see Fig 1.2), but notably more subdued in terms of temperature. 

The number of climatic and environmental reconstructions are more limited when compared 

to the northwest European region, so a much shorter synthesis of the observed conditions 

will be presented here. 

(Fig 1.2: Pollen diagrams from Aubrac, southern Massif Central, representative of the 
general environmental response in southern Europe, modified after Gandouin et al., (2016)) 

 

The Allerød 

During the Allerød there was a significant climatic warming that promoted the growth of an 

open forest scrub (Barbaza, 2011), with arboreal pollen (AP) percentages ranging from 30-

50% not uncommon, and there is evidence for climate variability, with a colder phase roughly 

halfway through the Allerød (Straus, 1991). Lake-levels during this period were high and the 

upper limit of woodland was around 1600 masl in areas such as northern Spain (Sobrinoa et 

al., 2013). From the diatom and pollen spectra from northern Spain and Pyrenees, there is a 

trend of increasing humidity through the Allerød in the south, but colder, drier phases have 

been identified, where there is evidence for a cooling phase and drying of the lakes around 

13,200-12,900 cal BP, and a final warming phase with a recovery of lake-levels just before the 

YD stadial (Vegas-Vilarrúbia et al, 2013), much like that seen in the northwest European data. 
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The Younger Dryas 

With the onset of the YD there was a sharp decline in the percentages of arboreal pollen (AP< 

20% in both coastal and mountain areas) and a return to more open prairies with shrubs, 

indicating both a colder climate, and a more open environment with AP percentages of 10-

20% common during this period (Straus, 1991; 2011). However, the continuation of oak in the 

western Pyrenees indicates that this species was not affected by the YD (Barbaza, 2011) and 

shows that conditions were not as harsh as those in the northwest. Temperatures during the 

YD were definitely colder, as seen in the Apennines, northern Italy, where temperatures were 

5.6-9.7 °C below the modern average, compared to less than 4.8 °C below the modern average 

during the Holocene. During this phase, arctic birds, including arctic marine birds, point to sea 

temperatures considerably colder than today, even in southern Italy (Mussi and Peresani, 

2011). The first part of the YD (ca. 12,850-12,435 cal BP), was notably drier and cooler, leading 

to low lake-levels, and a marked reduction in woodland, while during the second part (ca. 

12,435-11,875 cal BP) the climate was still drier with a further opening of tree, shrub and herb 

vegetation (Sobrinoa et al., 2013; Vegas-Vilarrúbia et al, 2013). However, one cannot assume 

the environmental response was uniform across the south region. It is apparent there were 

distinct regional differences in southern Europe during the YD, which appears to have been 

briefer and less intense in Iberia than in southern France, which suggests that there were 

distinct regional differences in the environment (Jones, 2016). In Spain, vegetation 

reconstructions suggest there were differences between the lower elevation centre and the 

higher elevation north of Iberia, while the Euro-Siberian region seems to have been more 

effected by the YD than the Mediterranean region, where there is evidence that more 

temperate vegetation may have concentrated in glacial periods (Stevens et al., 2014; Aura et 

al. 2011; Jones, 2016; Tarroso, 2008; Dupré, 1988; Iriarte, 2008). The temperate and arid 

climate of Mediterranean Spain suggests that there was climatic continuity from the Allerød 

through to the YD and the effects of the YD were mild and relatively gradual, due to both the 

latitude and the influence of the Mediterranean Sea. Straus (2011) also highlights that in the 

oceanic regions there is an extremely complex mountain geography where there were local 

mountain refugia for a number of temperate taxa. While Uzquiano (1992) has shown that the 

interior mountain valleys continued as an arboreal refugia. 
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The Preboreal  

Like the northwest there is a distinct return of tree species at the onset of the PB which 

recovered rapidly at the close of the YD. The transition to PB conditions was abrupt and 

marked, with AP percentages often increasing to 50% or more, and warmer tree and shrub 

taxa become fairly abundant and varied during this period (Straus, 1991; Straus, 2011). After 

the YD (ca. 11,875-11,630 cal BP) the lake-levels rose and herb and shrub vegetation 

expanded. A strong development of woodland occurred around 11,630-11,490 cal BP, which 

was associated with warmer and moister climatic conditions. The regional tree expansion 

stopped during the PBO (ca. 11,490-11,050 cal BP), when lower lake-levels existed in the 

Sierra da Estela uplands in northern Spain. By the end of the PB, open woodland was gradually 

replaced by Quercus forest up to 1730 masl (Sobrinoa et al., 2013). This indicates evidence of 

a similar disruption of warming during the PB as in northwest Europe, although there seems 

to be limited evidence of the high level of variability seen in the northwest climatic records. 

These general patterns are also seen in northern Italy and again, the brief climatic downturns 

during the Allerød and the PB are evidenced in several regions (Magny et al., 2006). The 

wetter intra-Allerød cooling, and the first-half of the YD, is evidenced by wetter conditions, 

but again we see the trend of a dry and cold period during the second-half of the YD. There is 

also evidence for low lake-levels in the early stages of the PB, similar to that seen in the 

northwest data, followed by a rapid increase in lake-levels into the later stages of this period 

(Magny et al., 2006). In the higher altitude of the Alps and Pre-Alps, pollen evidence suggests 

there was a distinct growth of deciduous tree species, such as oak and hazel, and an increase 

in the maximum treeline during the warming of the Allerød, followed by a reduction in these 

species with an associated reduction in the treeline with the onset of the YD, and an increase 

in pine and birch, and an increase in steppe and meadow species. At the onset of the PB there 

is a rapid increase in warm climate species, such as oak and elm, the formation of more closed 

forests, and evidence of the upward migration of the treeline (Joannin et al., 2013).    

1.4 - Conclusion 

Overall there seems to be a high level in continuity in the north-western study region with a 

generalised pattern of: 

1. A warm period during the Allerød with an expansion of forest. 
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2. A significant deterioration in climate during the YD with lower temperatures, and an 

opening of the landscape. 

3. A rapid amelioration in climate during the PB back to warmer temperatures and 

establishment of forest, and an increase in the diversity of flora and fauna. 

 

However, Atkinson et al. (1987) find that both summer and winter temperatures were rarely 

stable for more than a century or two throughout the period of this study, and were more 

often constantly changing.  It is evident there are several fluctuations in both climate and 

environment within these climatic phases, which is crucial to recognise when inferring hunter-

gatherer behaviour related to these generalised patterns. These fluctuations include, most 

notably: 

1. A cold and drier phase towards the end of the Allerød (ca. 13,200 cal BP) in which 

there was a brief opening of the landscape and lake-levels decreased.  

2. A final warm and wet phase at the terminal Allerød, just before the YD climatic decline, 

where lake-levels increased from the previous brief cold and dry phase. 

3. An initial cold and wet phase in the first-half of the YD (ca. 12,900-12,500 cal BP) where 

lake-levels continued to be high. 

4. A warmer, but drier, second phase of the YD (ca. 12500-11,800 cal BP) where lake-

levels decreased. 

5. A drier and possibly cooler phase during the PB (ca. 11,300 cal BP) in which lake-levels 

dropped and the landscape opened slightly. This is probably related to the so called 

PBO event. 

 

Recognising these fluctuations brings about two important questions when attempting to 

ascertain human reactions to major climatic events: 

1. Are the very brief climatic reversals seen in the Allerød and PB significant and long 

enough to change hunter-gatherer behaviour, and if so would this be noticeable in the 

archaeological record during these periods? 

2. To what degree would hunter-gatherers respond to the two different phases 

recognised during the YD? 
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As the brief reversals during the Allerød and YD are in the order of 100 to 200 years long, it is 

impossible to reliably attribute assemblages to these phases with the current resolution of 

dating techniques. As there was no information found about any possible changes in the 

larger faunal species during these phases, it is assumed these brief changes in climatic 

conditions were not long enough to bring about a significant change in large animal 

populations/behaviour. As such, one could infer hunter-gatherer populations would not have 

had to change their strategies drastically during these periods. Also, due to the fact that these 

periods were very brief, it is unlikely that a significant amount of the assemblages collected 

for this study would date to these periods, and thus would not significantly affect the general 

results. This is definitely the case for the Inter-Allerød cold period, which is particularly brief 

(in the order of less than 100 years). However, the PB appears to be more complex, which 

might affect how hunter-gatherers changed their behaviours after the harsher climates of the 

YD. There appear to be very varied climatic signals recorded for the PB, with some reporting 

environmental changes associated with the PBO as being cold and dry, others warm and dry, 

while some do not report any notable climatic changes at all. Others split the PBO into two 

separated events, with the first a cold phase, and the second a drier phase. The PBO was also 

longer than the Allerød cold event (possibly as much as 200 years long). This variability, after 

a long period of cold and dry climate in the second-half of the YD may have delayed or 

modified any predicted return to hunter-gatherer behaviours seen in the previous, generally, 

warm phase of the Allerød. The cold phase during the Allerød occurred at the end of this 

period, where hunter-gatherers had presumably set up a long-term and robust settlement 

and subsistence strategy based on ca. 1000 years of warmer environments and the associated 

flora and fauna, and it took the dramatic and long-term downturn of the YD to force a shift 

away from these strategies. In contrast, the brief downturn/s during the PB occurred 

relatively shortly after the YD (ca. 100 to 200 years after the initial warming phase), where it 

is possible no such robust strategy was yet in place, thus possibly affecting the predicted 

hunter-gatherer behavioural responses to what is generally expected in warm and favourable 

periods.  

The two phases of the YD is more of an issue in terms of interpreting hunter-gatherer 

behaviours. These two phases are considerably longer (ca. 400 and 700 years respectively) 

and may have indeed affected hunter-gatherer behaviours. These phases are also long 



 

26 
 

enough that many of the assemblages collected in this study would fall into one or the other 

phase. However, unfortunately, very few of the assemblages in this study can be reliably 

dated to these phases due to the majority being attributed to the general “Younger Dryas” 

through tool typology or through pollen records. As such the sample size for each phase is too 

low to be able to compare reliably, especially in the case of the first-half of the YD. This being 

the case, it was decided to assume that, for the purposes of this study, that the YD is one 

homogenous cold and harsh period, although future research should look to resolve this.  

When comparing the northwest environmental data to that of south Europe, we see 

remarkably similar climatic and environmental patterns, but with more subdued 

temperatures. There is a dramatic opening of the landscape after the Allerød into the YD in 

many regions, with an increase in steppe-tundra plant species, which is followed by a rapid 

reforestation during the PB. Also, the cold, dry, Allerød phase, and PBO events are both 

evident, with associated decreases in lake-levels, and there is evidence for a warmer, drier 

second-half of the YD. However, there are notable differences. There is evidence for the 

persistence of warm climate trees, such as oak, into the YD, which indicates that conditions 

in the south were not as harsh as in the north. Also, the YD appears to be drier throughout in 

the south, with an initial cold, dry phase, followed by a warm, dry phase. Lake-levels dropped 

significantly at the onset of the YD and remained low until the PB, which we only see during 

the second-half of the YD in the northwest. Additionally, several studies observe different 

environmental responses between high and low elevations, which is most likely a factor of 

the south European regional geography having highly mountainous terrain, unlike in the 

northwest. This might have been a factor in creating zones of refugia for human populations 

to continue their warmer climate strategies. The Mediterranean also created a subdued 

environmental response to the YD in regions close to the coast, where there has been shown 

to be relative environmental continuity from the Allerød to the YD, again suggesting that 

human populations could continue their behavioural strategies unchanged into the YD in the 

coastal zones. Ideally it would be a better strategy to compare the south European regions 

according to their geographical area, such as coastal and high/low elevations, but again, doing 

so would decrease assemblage sample size to such a degree that comparisons would not be 

possible. Therefore, for the purposes of this study, the south of Europe will be considered as 

having similar environmental responses from the Allerød, into the YD, and through to the PB, 
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as to the northwest, but with notably more subdued temperatures. Again, future research 

should look to resolve this. 
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Chapter 2: Theory and Methods 

2.1 - Introduction 

In order to understand the relationship, if any, between hunter-gatherer mobility change and 

climate change, one must first predict the preferred mobility strategy practised in warm 

climates compared with colder climates. This can be a problematic issue and has been 

debated for several decades without any real consensus. Once this issue is addressed, it will 

be required to further predict the type of mobility practised at any one site, at any one time, 

using only the material indicators from the archaeological record. The difficulties in 

formulating these predictions are rooted in the fact we are dealing with extinct hunter-

gatherer populations with no real comparable modern examples with which to relate, 

especially populations that make extensive use of stone tool technology, a technology that 

represents a significant proportion of the Palaeolithic and Mesolithic material culture. This 

issue is impossible to resolve, hence, many of the theories and models for understanding 

prehistoric hunter-gatherer populations are based purely on estimations, and best guesses. 

Ideally, multiple lines of evidence should be utilised together, such as stone tools, faunal 

remains, and C14 frequencies to name a few, in order to gain the best understanding into 

hunter-gatherer behaviour. However, in the region of northwest Europe that is focused upon 

in this study, organic preservation is highly variable and large areas of Belgium, the 

Netherlands, and northern Germany have little-to-no organic preservation. Due to the 

differential preservation across northwest Europe, the main focus of analysis will be upon 

stone tool remains which are well preserved throughout the research area.  

This chapter will firstly discuss and critique the various arguments surrounding hunter-

gatherer mobility from currently accepted archaeological and ethnological research. Through 

this discussion, a formalised methodology will be presented to enable predictions as to the 

type of mobility strategy practised by hunter-gatherers based on the material record of 

prehistoric sites. This will be achieved by interpreting stone tool assemblage data from sites 

belonging to interstadial and stadial climatic events that occurred during the 

Pleistocene/Holocene transition from ca. 14,000 cal BP to 10,000 cal BP, i.e. the Allerød, YD, 

and PB. 
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2.2 - Theoretical Background 

2.2a - Definitions of Residential and Logistical Mobility Strategies 

This research will focus on two commonly accepted types of hunter-gatherer mobility 

strategies; residential and logistical. Residential mobility, defined by Binford (1980), comprise 

movements of the residential group from one settlement to another, as resources become 

available in different areas at different seasons. This is characterised by regular residential 

moves and the exploitation of areas immediately surrounding residential locations. In 

contrast, in a logistical mobility strategy, groups carry out frequent and long-distance logistic 

forays from residential locations to simultaneously exploit two or more critical resources, 

distantly separated in the landscape. Hence, residential mobility involves movement by an 

entire group leaving one area for another, with the same or similar activities being carried out 

at successive residential locations. Logistical mobility strategies involve specialised moves 

carried out by specialised task groups at specialised task camps away from the residential 

camp. In this strategy, it is the resources that are moved to the residential group rather than 

the residential group moving to the resource (Binford, 1980).  

Archaeologists commonly approach settlement organisation and mobility strategies using this 

principle of residential and logistical mobility. When using this model there is a consensus 

that in a residential strategy there will be generally one site type, namely residential camps, 

which are occupied for short periods of time. In contrast, in a logistical strategy, there will be 

a base camp and also several special-task camps distributed over the landscape presumably 

at key resource locations. In general terms, residential mobility is an effective strategy when 

a variety of overlapping resource zones can be easily exploited by small groups. However, 

logistical mobility is preferable when a key resource determines site location as a result of its 

importance to a group, or when competition forces a group to concentrate its subsistence 

activities in one location (Lurie, 1989).  

Residential camps in a residential strategy are occupied by a ‘microband’ which exploit 

resources in the local vicinity. These camps are occupied for a short time, possibly less than a 

season, following resources as they become available. In a logistical system, Lurie (1989) 

identifies three site types: base camps; residential camps; and extractive camps (special-task 

camps). Base camps may be occupied by more than one band or a ‘macroband’ and will be 
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located near to an abundant resource. This base camp will remain occupied until that 

resource is no longer available, and would be seasonally occupied, if not longer. Extraction 

camps are short-term, limited activity camps, which would be occupied by producers only. 

Thomas (1989) also makes the further distinction of a fourth site type, ‘locations’, which are 

used for short foraging or collecting trips which are diurnal, and thereby more ephemeral in 

nature. This site type may be expected in both residential and logistical mobility strategies 

close to the residential base camp. Lurie (1989) states base camps are the defining 

characteristic of more permanent, logistical settlement systems, but residential camps could 

be seen as part of a residentially mobile strategy and also as part of a more permanent 

logistical mobile strategy. Thus, in archaeological terms, a residential strategy would be 

expected to leave behind only residential camps with a discrete scatter of activity close by, 

while a logistical strategy would be expected to leave behind fewer residential camps and a 

variety of other sites, such as hunting and butchery camps, storage caches, and lookout posts, 

along with an increase in storage and food preservation (Binford, 1980).   

However, Binford’s model has been criticised for overly simplifying hunter-gatherer decisions, 

and creating a dichotomy between these two strategies, when in fact most groups, would 

have employed a mixture of these two systems, or even alternative strategies not recognised 

in either system (Odell, 2001). Additionally, Kelly (1983) showed a hunter-gatherer group’s 

mobility strategy may change from one year to the next, and thus adding a potential source 

of confusion when making interpretations based on single sites, especially sites that were 

sporadically occupied. However, despite these criticisms, Binford’s collector/forager model 

provides a valuable framework on which to build interpretations based on archaeological data 

(Odell, 2001).     

So what kind of settlement strategy can be predicted for a warm interstadial climate such as 

the Allerød and PB, compared with a cold stadial climate similar to that of the YD? From the 

environmental data from northwest Europe, it is evident the YD was significantly colder than 

the preceding Allerød and the subsequent PB. During the Allerød and PB the mean July 

temperatures in northwest Europe have been estimated to be between 15⁰C-17⁰C (Hoek and 

Bohncke, 2002) in comparison to as low as 9⁰C-11⁰C during the YD (Walker et al., 1993; Isarin 

and Bohncke, 1999). Mean January temperatures dropped from between -16⁰C-6⁰C to 

between -15⁰C and -7⁰C, which would have brought a decline in the mean annual 
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temperature to below -1⁰C (probably between -2⁰C and -5⁰C, and possibly as low as -8⁰C to -

4⁰C), and allowed the development of a discontinuous permafrost over much of this region 

(Bohncke, 1993; Hoek and Bohncke, 2002; Stevens et al., 2008). The environmental landscape 

also changed quite drastically from dense woodland in the Allerød, to scrubland and sedges 

with sparse woodland in the YD, back to dense woodland in the PB (Hunt and Birks, 1982; 

Walker et al., 2003; Coope and Joachim, 1980; Innes et al., 2009; Hoek, 1997; Hoek and 

Bohncke, 2002; Crombé and Verbruggen, 2002; Crombé et al., 2011). 

Binford (1980) suggests the level of logistical mobility increases with increased climatic 

severity when growing seasons are shorter. Therefore, a logistical mobility pattern should be 

related more with cold climates, while residential mobility patterns are related more with 

warmer climates. Importantly, he notes, there are other factors affecting mobility, such as 

increased numbers of social units in the area, and competition among multiple social units for 

access to similar resources. Due to this, it is predicted here, during the cold conditions of the 

YD, a more logistical strategy would have been employed (as some believe may also have 

been utilised during the Last Glacial Maximum i.e. Straus, 1991; Barton et al., 2007) to 

effectively exploit and survive in a landscape that would have been much harsher, with more 

open conditions, compared with the Allerød and PB. This is in contrast to the prediction of a 

more residential strategy during the warmer interstadials, where conditions would favour 

moving around the landscape and to take advantage of resources as they became available. 

It is important to emphasise here, it is highly unlikely any population would purely exhibit the 

characteristics of one strategy or the other, but rather a mix of both (as outlined by Binford, 

1980) depending on the exact circumstances encountered within their specific environments. 

With this in mind, it should be noted, the statement made within this study of a “more” or a 

“less” residentially or logistically mobile population is meant to highlight it is expected human 

populations during the YD would have moved to a settlement strategy in which the 

characteristics would be “more” similar to a logistical strategy and “less” similar to a 

residential strategy, with the opposite being the case during the warmer interstadial periods.   

2.2b - Foraging Theory and Predictions of Hunter-gatherer Behaviour  

The study of prehistoric hunter-gatherer populations commonly incorporates economic 

models such as ‘Foraging Theory’ often used in the study of non-human foragers. However, 

due to its origins in non-human subsistence behaviour, it is thought that many aspects of this 
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model are inadequate when translated to human hunter-gatherer behaviour (Durham 1981; 

Jochim 1983, 1988). Despite this, many archaeologists see optimal foraging models as 

providing a systematic framework for analysing human foraging behaviour, providing a 

suitable starting point for predicting prehistoric hunter-gatherer behaviour based on 

archaeological remains (Bousman, 1993).  

In basic terms, Optimal Foraging Theory comprises a number of models based on 

microeconomics and game theory, and has two primary models that consider the costs and 

benefits of acquiring different resources: prey and patch models (MacArthur and Pianka 1966; 

Charnov, 1976). Prey models consider hunting or gathering individual prey in homogeneous 

environments, while patch models consider acquiring food from clusters of prey in spatially 

heterogeneous environments (Bousman, 1993). Optimal foraging models usually measure 

returns as energy obtained from food, while costs are often measured in terms of time 

expended on search and handling activities. Search costs represent the amount of time spent 

looking for either prey or patches, while handling costs consist of time spent in pursuit, 

capture, preparation, and consumption of food resources (Bousman, 1993). Bousman (1993) 

suggests it is important to include costs of technological production and transportation of 

tools and materials when considering handling costs. He highlights the importance of 

advantages technology can have on increasing net food returns through use of more efficient 

or effective extractive tools, such as bow-and-arrows and traps, along with decreasing search 

time by use of transportation facilities (such as canoes or snowshoes). However, he notes 

technology also has its costs in manufacture and maintenance. 

The classically accepted prey model proposes hunter-gatherers attempt to maximise returns 

while considering the costs and yields of different prey species, and through this can give an 

estimate of diet breadth (MacArthur and Pianka, 1966). For a single hunter-gatherer group, 

prey is ranked from high to low energy costs. This is commonly determined by prey size, 

density, distribution, and the technology used to exploit prey. However, there are other 

factors that should be considered. Jochim (1976) found fat content and palatability, along 

with a balance between carbohydrates and fat versus lean meat, may also be important 

contributing factors when ranking prey. This model assumes hunter-gatherers exploit the 

most profitable resources first and then add increasingly less profitable resources to their diet 

if needed. As new resources are added, the time spent in searching for food resources 
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decrease because they are encountered more often. However, importantly, the handling 

costs also increase. There is a point where decreasing search costs are balanced by higher 

handling costs, and the addition of new resources would lead to an imbalance in terms of less 

efficient time/energy expenditure, and it is this balance that represents an optimal diet. If 

handling costs decrease because of less expensive technologies, such as the use of 

multifunctional and/or generalised tools or more easily obtained raw materials, then this 

model predicts broader diets. This would be more in line with definitions of hunter-gatherer 

populations operating within a residentially mobile system. In contrast, narrower diets are 

predicted if more expensive technological strategies (e.g. a diverse set of specialised 

weapons) increase handling costs. This behaviour can be related to the definitions of hunter-

gatherers operating within a logistically mobile system. However, if search costs decrease 

because of greater resource density or the utilisation of transportation facilities and hunting 

traps, then this model also predicts narrower diets. However, crucially, if search costs increase 

because climatic and/or environmental changes cause food scarcity, then diets should 

become more diverse (Bousman, 1993). This behaviour may be linked directly to the possible 

human responses to the YD stadial event that is the focus of this study. 

Prey models usually incorrectly assume resources have a homogeneous distribution in the 

landscape. In contrast, patch models consider foraging strategies in environments with a 

heterogeneous distribution of resources which are found grouped in ‘patches’. This patch 

model assumes resource return rates diminish exponentially as foraging time in a patch 

increases (Kaplan and Hill, 1992). However, as search time between patches increases, the 

time spent in a patch will also increase in an attempt to mitigate search costs. Therefore, as 

patch density increases, so does the net energy gain, as foragers spend less time travelling 

between patches and more time exploiting resource patches, at least during the initial period 

of patch exploitation when the return rates are at their highest (Bousman, 1993). However, 

some technological strategies directly influence resource return rates, and these can increase 

or decrease the net energy gain. Although, if this was the case, it may be expected that greater 

resource return rates would allow more search time between patches, or provide more time 

for non-subsistence activities (Bousman, 1993). 

In an environment characterised by patchiness because resource availability varies through 

time and across space, the most efficient way for hunter-gatherers to organise themselves is 
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to practise residential mobility, i.e. to schedule themselves to be in the right place at the right 

time. As long as population density remains low, this strategy works efficiently, but if 

population density increases, it has been suggested residential mobility becomes non-

adaptive (Vierra, 1983; Jeske, 1989).  

One of the fundamental principles of behavioural ecology, is that aspects of the environment 

and characteristics of human populations determine how hunter-gatherer groups move 

around and exploit food resources in the landscape (Binford, 1980, 2001; Kelly, 1983, 1995). 

Kelly (1983; 1995) proposes there are several important relationships between effective 

temperature (ET), plant productivity, and patterns of forager mobility. It is considered the 

number of annual residential moves carried out by foragers can be directly related to the ET 

and overall plant productivity. The mean distance of residential moves has also been 

considered inversely proportional to ET. Essentially, in areas with high ET, long growing 

seasons, and high plant productivity, hunter-gatherers maximise their foraging efficiency by 

making frequent, short-distance, and relatively random residential moves. This occurs when 

the resources in the immediate vicinity of the residential camp are exploited to the point that 

foraging efficiency begins to significantly decline. It is also considered territory size is inversely 

proportional to ET, and territory size is directly related with the percentage contribution of 

hunting in the overall diet. This means territory sizes must be larger in locations where there 

is low plant productivity and where hunting is the primary subsistence objective. Increased 

hunting activity also requires large territory sizes, particularly in unproductive areas, and 

there is a clear inverse relationship between plant productivity and the dependence of 

foragers on hunting and fishing (Binford, 2001; Kelly, 1995). The reason being, when plant 

resources are scarce, there must be an increased focus on the exploitation of non-plant 

resources for subsistence. This could lead to the expectation of a residential mobility strategy 

more dependent on generalised subsistence during the relatively high ET of the Allerød and 

PB interstadials either side of the Pleistocene/Holocene Transition, and a less residentially 

mobile (possibly more logistical) strategy, more dependent on hunting during the low ET of 

YD Stadial.  

Kent (1992; 1991) and Kent and Vierich (1989) propose anticipated mobility, i.e. the length of 

time groups plan to occupy a camp, is a significant and strong predictor of site size, number 

and size of structures, numbers of features, and the presence of formal storage facilities, 
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rather than the actual time a group spends at a camp. The presence of formal storage facilities 

is the result of accumulation of goods based on anticipated restricted mobility. Thus, formal 

storage is not based on economic objectives, actual length of occupation, season of 

occupation, or other variables commonly assumed to influence the presence of these 

facilities. Groups who do not anticipate a short occupation will not construct elaborate 

structures demanding a high expenditure of energy in construction and material sourcing and 

procurement. They will also not use formal refuse loci, such as middens. A study was carried 

out by Kent and Vierich (1989) on ethnographic data collected from the Basarwa (Bushman, 

San) and Bakgalagadi (Bantu speakers) of the Kalahari Desert, Botswana. The variables 

analysed were: the actual length a site was occupied; site population; season of occupation; 

subsistence orientation; and ethnicity. They found anticipated occupation was a stronger 

predictor than actual length of occupation, but the record visible to the archaeologist would 

not provide a complete picture.  One example given is a Basarwa camp where the residents 

built three storage platforms and used a midden in anticipation of a long occupation, though 

the camp was abandoned after only three weeks. Other sites saw inhabitants that anticipated 

a short occupation in fact stayed for a longer, and at one such camp, no formal storage 

facilities were constructed or middens used. These examples show that the presence of 

storage facilities and refuse loci were conditioned more by how long inhabitants planned to 

stay rather than how long they did, although they note in most cases, anticipated and actual 

coincide. This research may be of significance to the study presented here. Just because the 

composition of an archaeological assemblage from a site may resemble a short or long 

occupation stay, it does not necessarily mean it was planned to be in the context of a group’s 

general mobility strategy. If this is so, then indicators such as site size, formal storage and 

refuse facilities, and quantity/density of material must be considered with this in mind. 

2.2c - Problems with Theoretical Models 

To understand how this theoretical background can help form models to determine 

prehistoric hunter-gatherer mobility, one must also understand the inherent problems 

associated with these, sometimes simplistic, hypotheses. Kuhn and Clark (2015) stress the 

typical ‘Binfordian’ models are founded in ethnographic scales of observation, and note this 

can lead to a miss-match in analytical scale between the behavioural dynamics of hunter-

gatherer populations and the archaeological evidence. Variation in hunter-gatherer mobility 
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and artefact production, in the scale of days or seasons, are mapped directly onto 

archaeological assemblages that accumulated over centuries or longer. Two responses are 

often employed to attempt to overcome this miss-match. The first is to concentrate on the 

best-preserved sites with intact stratigraphies, which can be resembled more closely to an 

‘ethnographic’ scale of resolution. The second is to accept the coarse chronological resolution 

found at many sites and to consider how human events that occurred at comparatively brief 

timescales might be expressed at longer timescales (Kuhn and Clark, 2015).   

2.3 - The Use of Stone Tool Assemblages in the Analysis of Hunter-Gatherer Behaviour  

Stone tools represent the most common and consistently recorded form of cultural material 

from the area of northwest Europe focused upon in this study. The main reason being there 

is poor organic preservation in large areas of this region (northern Belgium, the Netherlands, 

and northern Germany) and thus faunal remains are rarely represented in site assemblages 

and if they are, they are represented in small numbers. Hence, analysis and interpretation of 

stone tool assemblages will form the focus of determining levels of mobility both at an inter 

and intra site level.      

The study of stone tool assemblages is commonly set in a background of OFT and cost benefit 

studies described earlier. Since reproductive or inclusive fitness is often used as a measure of 

human adaptation, understanding hunter-gatherer subsistence behaviour is highly useful in 

the study of prehistoric societies (Winterhalder, 1981; Jochim, 1989; Lurie, 1989). Humans 

must eat to survive and many ethnographically recorded hunter-gatherer societies spend a 

substantial portion of their available time and energy in subsistence related activities. As 

procuring and processing food resources requires time and energy, it follows that these 

activities take away time and energy from other activities that might affect reproductive 

success, such as defence and social interaction. Thus, it is important for hunter-gatherers to 

be efficient in their subsistence activities to ensure the success of their group (Lurie, 1989). 

Tool design, manufacture, and maintenance should be seen as an attempt to increase 

subsistence efficiency, and foraging theory is one approach that allows archaeologists to 

understand the behaviours responsible for the choices made in manufacture, use, and 

maintenance of stone tools and waste products in hunter-gatherer populations (Bousman, 

1993; Torrence, 1983; 1989).   
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Assuming this is true of prehistoric hunter-gatherer societies, it would be logical to relate 

stone tool technologies to the economic models used in the study of subsistence behaviour. 

Lurie (1989) provides three reasons to support this relationship. Firstly, technology can 

increase efficiency in food (and other raw material) procurement. Secondly, tools and 

facilities (e.g. containers) are often important costs that should be included in optimisation 

studies. Thirdly, prehistoric hunter-gatherers were capable of manufacturing tools in several 

ways, and they would have been faced with making choices in toolkit type and composition 

that suited their needs within an environmental system. 

2.3a - Expedient versus Formal Tools and Raw Material Availability  

Binford (1973; 1977; 1979) originally described hunter-gatherer technological organisation as 

a continuum ranging from curated to expedient tool manufacture. He proposed technological 

strategies based on curation will comprise tools that are effective for a variety of tasks, are 

manufactured in anticipation of use, maintained through a number of uses, transported from 

location to location, and modified/recycled for other tasks when no longer useful for their 

primary function. In contrast, technological strategies based on expediency will comprise 

tools manufactured, used, and discarded according to their immediate needs. Thus, curation 

should produce formally distinct, technologically sophisticated, assemblages, with individual 

tools used for a variety of anticipated purposes. While expediency should produce simpler 

and formally less sophisticated tool assemblages, because tool manufacture is an immediate 

response to the specific task at hand (Binford 1979). Hence, it is proposed the number of 

expedient and formal tools within a lithic assemblage can be a means of recognising hunter-

gatherer mobility strategies. 

Formal tools are defined as having more time and effort invested into their manufacture along 

with a level of advance preparation. They are generally thought to be used for long periods 

of time and more intensively maintained to increase their use-life. Andrefsky (1998) 

associated more mobile groups with formal tools, as these groups cannot risk being 

unprepared for a task while on the move. Unprepared, in this context, means not having 

available tools to complete tasks, and thus more mobile groups reduce this risk by 

transporting tools with them. Therefore, these tools have the characteristics of being 

multifunctional, readily modifiable, and easily portable (Andrefsky, 1998). In contrast, 

Andrefsky (1994) defines informal tools (including expedient tools) as unstandardised or 
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casual in terms of form. These tools are thought to have been manufactured, used, and 

discarded over a short time period. Binford (1979) describes informal tools as tools that are 

manufactured and utilised in response to specific conditions rather than in anticipation of 

future events.   

Expedient tool production is more wasteful than formal tool production, with the raw 

materials employed in their manufacture being used less efficiently. As a result, the tools 

produced through an expedient manufacturing strategy tend to be simpler and have less 

formal patterning in shape and/or design (Andrefsky, 1994). Andrefsky (1994) expects 

expedient tools should be associated with more sedentary populations, as it is not necessary 

for these groups to spend extra time and effort in the production of formal tools. Increasing 

sedentism may decrease the abundance of resources available to them as they become 

increasingly reliant on relatively more permanent residential locations and key subsistence 

resources. However, importantly, carrying costs of tools are no longer a constraint as they do 

not need to consider weight restrictions, and expedient tools require a considerably lower 

amount of work in their manufacture. Also, ethnographic and archaeological studies have 

shown lithic production components such as non-retouched flakes and bipolar shatter are 

capable of completing most tasks (Andrefsky, 1994). A list of expectations of costs for 

expedient and formal tools are set out in Table 2.1 for expected toolkit characteristics in 

mobile and sedentary populations. 

Costs Expedient Tools Formal Tools 

Manufacturing costs Low High 

Raw material wastage High Low 

Use-life Short Long 

Multifunctional capability Low High 

Portability Low High 

(Table 2.1: Costs of expedient versus formal tools in hunter-gatherer societies (modified 
after Andrefsky, 1994)) 

 

The manufacture of expedient tools involves minimal shaping of cores, and tools are selected 

from some of the flakes and blades that are removed. There is less predictability in size and 

shape of the blanks and more wastage of the core. Little or no modification is applied to these 
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blanks prior to use and core reduction can be carried out on raw materials of varying size and 

quality. Expediently manufactured lithic assemblages are typically characterised by high 

proportions of cores and tools with minimal retouch and signs of utilisation (Parry and Kelly, 

1987; Torrence, 1989; Young, 1994). 

Parry and Kelly (1987) argue, in situations where the transport of tools is unnecessary, hunter-

gatherer groups will not take the extra time and effort needed for standardised core 

reduction and the manufacture of facially retouched tools. In these situations, a more 

expedient technology should be expected. In their study of the Homol'ovi hunter-gatherer 

groups, from areas of the Southwest U.S., they used three criteria to identify differences in 

lithic assemblages: the biface-to-core ratio; the proportion of formal tools in the retouched 

tool assemblage; and the relative frequency of flakes in the debitage assemblage. They found 

with increasing sedentism there was a decrease in the proportion of tools that showed 

evidence of facial thinning, such as projectile points, bifaces, and scrapers, suggesting a lesser 

emphasis on multifunctional tools and a shift to a more expedient technology. It was also 

concluded ‘limited-activity’ sites in mobile populations should be expected to have a higher 

biface-to-core ratio, more formal tools, and a higher percentage of prepared platforms than 

those in more sedentary populations. 

Bousman (1993), when considering what mobility type might use formal versus expedient 

tools, suggests foragers (more residentially mobile populations) prefer increased use-life with 

their extractive tools, and would have less maintenance costs. Therefore, it should be 

expected, in relation to tool production, that foragers are ‘time minimisers’. In contrast, 

collectors (more logistically mobile populations) prefer increased effectiveness in their 

extractive tools rather than use-life, which results in higher costs in their maintenance. 

Effectiveness, in this regard, relates to efficiency, therefore collectors could be expected to 

be resource ‘maximisers’. Thus, foragers can be more relaxed in terms of tool production and 

maintenance compared with collectors (Bousman, 1993). A collector strategy of greater 

toolkit diversity (i.e. tool specialisation) and complexity, along with a dependence on reliable 

tools with intensive maintenance strategies, should be seen as an adaption to respond to 

specific resource availability.  In contrast, forager strategies of a more simplified toolkit 

composed of multifunctional tools, the exhaustion of extractive tools, and low costs in 

maintenance, should be seen as a response to the ability to exploit a wider range of more 
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unpredictable resources that can be easily and regularly obtained. Bousman (1993) further 

highlights three factors for predicting expedient versus formal tools: 

1) Raw material durability 

2) Raw material access 

3) Traditions in lithic tool manufacture 

 

Different raw materials have different fracture and wear characteristics which can influence 

the length of a tool’s use-life. Raw material availability/access would be a function of the 

degree of mobility, range size, and exchange networks. Finally, traditions in lithic tool 

manufacture may limit technological change.  

However, Myers (1989) proposes the opposite view that, when a subsistence strategy is 

focussed around a diverse set of low-risk resources available throughout the year, expedient 

tool manufacturing, and maintenance strategies should be expected to be employed. This 

creates the expectation, when there is a reliance on the high-risk hunting of temporally and 

spatially dispersed game animals, a more formal tool and maintenance strategy would be 

used to minimise the risk. Whether this model is expected or not, it should be possible to 

identify contrasts in the scheduling of subsistence and technological activities when 

comparing collector and forager societies (Myers, 1989). Collector societies should be 

expected to schedule tool manufacture and maintenance activities outside of periods of time-

stressed food procurement, while forager societies should be expected to more regularly 

perform subsistence and tool manufacture and maintenance activities at the same time 

(Zvelebil, 1984; Myers, 1989). 

In situations where the transport of tools is necessary, hunter-gatherers prefer to utilise 

portable, versatile, technology (Kelly and Todd, 1988; Parry and Kelly, 1987). As transport of 

tools is less critical in more sedentary populations it should be expected the lithic assemblages 

of sedentary groups should differ from highly mobile groups (Young, 1994). It has been argued 

portable and versatile lithic assemblages are commonly manufactured using standardised 

core reduction techniques (Parry and Kelly, 1987), which involve the preparation of cores for 

removing blanks in a predictable way. This technique produces blanks of relatively uniform 

size and shape with minimal waste of raw material. These blanks can then be made into 

formal tools used in a wide variety of tasks. The unmodified blanks may also be used as tools. 
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Tools that are facially retouched or facially thinned are generally considered to be 

multifunctional (Parry and Kelly, 1987; Young, 1994). However, the more complex thinning of 

tools such as projectile points require training, skill, and time to manufacture. In addition, 

good quality raw materials with few flaws are also needed. However, Close (1996) has shown, 

from her work on the Safsaf Sandsheet, eastern Sahara, portability may not be an important 

factor in tool design choices. She found, where there are no outcrops of rock, prehistoric 

people prioritised anticipated activity and serviceability rather than portability. 

2.3b - Use-Life and Tool Curation 

The use-life of tools is often associated with levels of retouch and it is common to determine 

function, use-life, and intensity of use of a tool by studying this retouch. Generally, it is 

thought the more a tool is retouched the further along that tool is in its life-history, and the 

longer it has been curated (Andrefsky, 2009). Reduction and retouch intensities have been 

often regarded as one of the best ways to determine the extent of utilisation of lithic 

artefacts, and thus reduction or retouch intensities are used as a proxy of tool curation length 

and its relationship to mobility. In one such study by Blades (2003), a relationship was found 

between less intense endscraper reduction, increased percentages of distant raw materials, 

and reindeer-dominated fauna during cold and apparently open environmental conditions. In 

contrast, he found less consistency in the extent of endscraper reduction within assemblages 

associated with more diverse and less mobile fauna in more closed environments during 

milder climatic conditions. Rolland and Dibble (1990) who, in their study of lithic reduction 

intensity in the French Middle Palaeolithic, also interpret lower numbers of unretouched 

flakes compared with retouched flakes within a lithic assemblage to reflect a more intensive 

use of lithic resources. However, they propose greater intensity of retouch was related to the 

greater accumulation of reindeer remains and their resulting processing at winter residences. 

Therefore, this can be subsequently related to a reduction in mobility. The latter example 

highlights an important issue to consider. Although, use-life and use-intensity studies of tools 

can help us gain a clearer understanding of tool manufacturing strategies, site function must 

also be a consideration. Hunter-gatherers will use, maintain and discard tools in different 

ways at different site types (e.g. the greater use and discard of expedient tools at kill/butchery 

sites than at residential base camps) (Bousman, 1993) and making assumptions based on a 

handful of sites in any one system may be unrepresentative of the wider technological 
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strategy as a whole. These strategies may also vary depending on the season of use, as Rolland 

and Dibble (1990) show. 

Andrefsky (2009), when studying use-life and curation in lithic assemblages, highlights it is 

vital to understand that stone tools often undergo a series of transformations from the time 

they are initially produced until the time they are discarded. These transformations relate to 

a wide range of possible social and economic situations within or between populations. For 

example: tools are sharpened when they become dull; reconfigured or discarded when 

broken; and modified to suit a certain task in a certain context. These processes are often 

coined as ‘life-histories’ and lithic tools can change in their morphology throughout their use-

life (Andrefsky, 2009). Tools can also drastically change in function, a flake blank originally 

used for cutting meat may be modified into a serrated edge used for sawing. This saw tool 

can then be intentionally chipped and shaped into a projectile point, and in this way a single 

tool can undergo several transformations during its use-life. To further complicate matters, 

unintentional morphological transformations of tools may come about through the gradual 

use and resharpening of the tool over time (Andrefsky, 2009). Thus, determining stone tool 

use-life histories through studying retouch is fraught with difficulty. It is difficult to identify 

the lithic elements of a curated tool kit in the archaeological record, since the individual 

components will enter the record only as they are broken, lost, or abandoned and rarely, if 

ever, as a complete tool kit. Close (1996) suggests we should instead consider the material 

recovered from the whole area or region of study and not just from individual sites. Andrefsky 

(2009) highlights the problems associated with the variability of retouch strategies from tool 

to tool. He notes some tool types, such as flake knives, have no separate production and use 

phases and are simply retouched as needed, resulting in morphological transformations only 

during use and resharpening. In contrast, tool types such as projectile points, have distinct 

production, and use phases where they are not used until after they have been retouched in 

the initial production stage. Also, projectile points may be retouched again after their initial 

use. Further to recognising and understanding retouch strategies, additional problems can 

arise from post-deposition processes. The effects of post-depositional trampling on lithic 

artefacts can significantly affect the appearance of a tool, giving the effect of intentional 

retouch or use-wear, and possibly affecting the functional and typological classification 

(Odell, 2001).  
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These examples show it is not only crucial, when using retouch as a proxy for artefact function 

and curation, to be able to distinguish between different kinds of retouch and retouch 

strategies (Andrefsky, 2009), but also to understand any observable retouch may have come 

about through post-deposition processes. Determining frequency and intensity of retouch is 

difficult in the dataset compiled in this study as detailed descriptions of retouch, such as 

number of retouched edges, type of retouch, and length of retouched edges, are not 

consistently available, if at all, although information on the number of retouched edges is the 

most widely reported.  

Tool curation can also be understood in terms of tool discard, which can be both purposeful 

and accidental. In general, it should be expected tool discard results from a variety of different 

scenarios, such as breakage during manufacture, discard after use, breakage, during 

transport, tools cached and never recovered, or discarded if no longer maintainable (Gould, 

1980; Kuhn, 1989; Shott, 1989; Bousman, 1993). Ammerman and Feldman (1974) suggested 

three elements affect the relative frequencies of artefacts at sites: the relative frequency of 

each activity, the ‘mapping’ relations between tools and activities, and the tool droppage rate 

(or probability a tool is abandoned and incorporated into the archaeological record). 

Droppage rate reflects the use-life of a tool and can be affected by raw material quality, 

intensity of use, tool efficiency, and intensity of maintenance, among other factors. They note 

this droppage rate is regularly underestimated when considering the formation of 

archaeological assemblages.    

Tool curation can be directly linked to expedient versus formal tool manufacturing strategies 

and aspects of energy and/or time efficiency in resource procurement and processing. It is 

generally assumed efficiency is one of the driving forces behind choices in technological 

design and thereby adaptation (i.e. formal tools are more efficient in a highly mobile 

population while expedient tools are more efficient in a more sedentary population). 

Bamforth (1986) disagrees with this concept. He notes the characteristics of the classic 

models of formal or curated technologies versus expedient technologies (outlined by Binford, 

1980) are far too broad and there is no reason why all the characteristics of each tool 

manufacturing strategy should always occur together. He gives the example of flake knives in 

the U.S. Plains bison kills, which were manufactured in preparation for a kill, resharpened 

occasionally during butchering, and then neither used for other tasks, modified/recycled, nor 
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transported to other locations. He proposes different aspects of curation are adaptations to 

different circumstances, implying no single measure of technological ‘efficiency’ can be 

universally applied to all hunter-gatherer populations. In the context of tool manufacture, 

energy expended in production is likely to be an important variable affecting economising 

behaviour, but its importance will vary under different conditions. In areas of poor lithic raw 

material availability, raw material conservation may be more important than efficient energy 

expenditure during manufacture. He further criticises Torrence’s (1983) ‘time-stressed’ 

hypothesis that explains the manufacture of tools in advance of use, as it is far too simplistic 

and does not take into account other aspects of curation. He believes, from a goal-orientated 

tool user’s perspective, it would not be more time or energy efficient while performing a task, 

to stop work to resharpen a dulled tool. It would be more efficient just to pick up another 

flake. Saving and recycling a worn out or broken tool during use often requires more time and 

energy than simply discarding it. Bamforth (1986) notes these alternatives to maintenance 

and modification/recycling are lower cost, only if raw material to manufacture replacement 

tools is immediately available. Thus, maintenance and modification/recycling should be 

closely related to raw material availability and not solely to settlement organisation or the 

time limits on the activities that tools are used. Thus, Bamforth (1986) asks why would anyone 

transport tools from place to place if raw material could be obtained everywhere? He 

criticises many theories and studies for ignoring local patterns of lithic resource availability 

which place constraints on technology. He proposes raw materials for tool production is a 

resource in the same way plants and animals are, in that its nature and distribution affect the 

ways in which it can be exploited.  He proposes two aspects of curational behaviour, tool 

maintenance and recycling, provide clear examples of the importance of raw material 

availability to technology. He shows the intensity of maintenance and recycling appears to 

vary in response to raw material availability and notes shortages of raw material are caused 

not only by regional geology but also by patterns of behaviour that can increase or decrease 

the amount of raw material available.  

It is also proposed in this thesis to view stone tool use intensity in terms of the quantity of 

lithic raw material used. A group who does not intensively retouch their tools (i.e. an 

expedient strategy) would in fact use a much higher quantity of raw materials, compared with 

a group who intensively retouches their toolkit, using significantly less quantities of raw 
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material. Bamforth (1986) supports this, stating that increasing a tool’s use-life by spending 

more time manufacturing it, will reduce the frequency with which raw material would have 

to be procured. Hence, expedient strategies might be seen as more of a ‘mass production’ of 

tools compared with more thoughtfully manufactured and longer curated formal tools.  

2.3c - Raw Material Quality and Effects on Tool Manufacture 

Andrefsky (1994) argues raw material availability and quality have a greater effect on lithic 

technology than mobility. Using ethnological and archaeological data, he found the degree of 

residential mobility or sedentism were less important determinates of stone tool 

manufacture. However, he notes, in areas of abundant high quality raw materials, concerns 

for transporting tools and raw materials is not as important for both mobile and sedentary 

groups, due to readily available raw materials. He also found the abundance and quality of 

raw materials may condition decisions in the manufacture of formal versus informal toolkits. 

He found, in general, poor quality lithic raw materials tend to be manufactured into informal 

tools, while high quality raw materials tend to be manufactured into formal tools, but only 

when high quality raw materials are in low abundance. When high quality raw materials occur 

in abundance, both formal and informal tools are manufactured (Andrefsky, 1994).  

Andrefsky (2008) shows raw material proximity also influences the degree to which stone 

tools are retouched. Through his study of a forager residence site in the Great Basin, U.S., he 

found lithic raw materials were readily available, and hafted bifaces tended to be discarded 

and not resharpened after impact damage if foragers are within two days travel distance from 

their base camp. However, if the foragers were more than a two-day walk from their base 

while foraging, they will reconfigure broken hafted bifaces used as projectiles and resharpen 

dulled hafted bifaces used as knives. Retouch intensity on hafted bifaces was shown to 

directly correlate with the distance and proximity to each source. 

Birdsell (1958) showed, as hunter-gatherer populations grow, group size remains constant. 

The reason being that hunter-gatherer groups disperse (fission) when they grow too large for 

stability. As numbers of groups within a region increase, the area available for exploitation by 

each group decreases. Consequently, competition for resources will increase and some 

resources may even become scarce. One might expect hunter-gatherer populations to adapt 

to these constraints by restructuring themselves to reduce intergroup conflict over resources. 
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Some groups might leave a region and others may be pushed into marginal areas. 

Alternatively, group conflict can be lowered by reducing mobility and adopting a pattern of 

logistical mobility (Binford, 1980). Such changes in settlement and mobility strategies have 

vital implications for lithic use strategies, including raw material selection, methods for 

procurement, tool curation, and discard rates. Sedentary groups would expend effort to 

obtain access to lithic resources located in geographically restricted areas, as a group whose 

territory encompasses desired raw material may have abundant supplies, but may limit access 

to outside groups (Jeske, 1989). As a result, for non-residents, non-local raw materials may 

be significantly more expensive to obtain than local raw materials. Increased expense may 

also result from the additional distances travelled to procure raw materials if chances to 

obtain lithic material while food gathering have been reduced, or through higher costs 

incurred while trading for material. Such differences in expense should be reflected in 

variations in the treatment of raw material, both in tool manufacture and discard patterns 

(Jeske, 1989). 

Jeske (1989) notes, when raw materials become more expensive because of an increased 

energy expenditure, there will be two major consequences. Firstly, there would be a greater 

economy in the consumption of raw material. Secondly, artefact form will become more 

standardised. Pre-planned, standardised preforms or blanks can be removed from cores with 

less waste of raw material than random, amorphous flakes. One common type of 

standardised artefact is blades and bladelets. The pre-shaping of a core represents greater 

energy input, but allows for the removal of large numbers of blades from one piece of stone. 

Blades yield a large amount of cutting edge per unit of stone, although they are not 

necessarily very durable. Since blades represent a high amount of energy expenditure in 

manufacture, Jeske (1989) expects they will be manufactured more often on expensive rather 

than inexpensive raw material. Similarly, since these tool types are economical, it may be 

predicted expensive materials will be used more often. Therefore, expensive raw material 

should be used for longer before being discarded. Since a tool will tend to be repaired when 

the cost of replacing is greater than the cost of repair, tools made with expensive raw 

materials will show evidence of more frequent repair (Jeske, 1989). This is supported by the 

lithic assemblage analysis at Combe-Capelle Bas, France, by Roth and Dibble (1998), who 
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found non-local cores were smaller than local cores through a higher intensity of reduction. 

They also found a higher percentage of non-local material was retouched. 

Raw material for tool manufacture, clearly would have been an important determinate in 

hunter-gatherer settlement organisation and procurement strategies. However, Brantingham 

(2003) showed, through simulation studies, the choice of lithic raw materials may simply be 

a function of random encounters in the environment, and raw material procurement may not 

be linked to human organisational strategies. 

Table 2.2 highlights the expected toolkit characteristics of mobile populations and more 

sedentary populations discussed in this section. 

Toolkit Characteristics Mobile Populations Sedentary Populations 

Numbers of formal tools High Low 

Numbers of expedient tools Low High 

Investment of time in 

manufacture and maintenance 

High Low 

Preplanning for future events  Yes No 

Tool discard Infrequent Frequent 

Tool curation Long Short 

Tool modification High Low 

Tool functionality Multifunctional Specialised 

Portability  High Weight not a constraint 

(Table 2.2: Characteristics of toolkits from mobile populations and sedentary populations) 

Raw material variability is another way to examine relative sedentism and stone tool 

production. Andrefsky (1998), highlights it is often assumed lithic raw material variability will 

be greater at sites with a shorter duration of occupation, and less at sites with greater 

durations of occupation. Also, it is often believed non-local raw materials are more likely to 

be found at shorter duration sites, and groups occupying sites for a short duration travel 

greater distances more often. However, relatively sedentary groups who occupy sites for 

longer durations, may have as large a territorial range as groups who occupy sites for a shorter 

time, but they may visit that range only once a year, once a decade, or less. Blades (1999) also 

proposes increased proportions of non-local raw materials within a lithic assemblage, may 
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reflect an increase in long-distance mobility associated with open landscapes and the 

exploitation of mobile fauna.   

One simple way to evaluate relative sedentism using lithic raw materials, is to count the 

relative frequencies of various kinds of raw materials and determine if two or more sites have 

significantly different raw material variability. This is an effective way of evaluating the data, 

but only when such data is available. Table 2.3 shows the expected characteristics of raw 

materials at long and short occupation sites. 

Raw Material Characteristics Long Occupation Sites Short Occupation Sites 

Raw material variability Low High 

Percentage of local raw materials High Low 

Percentage of non-local raw materials Low High 

Potential territorial range Small-large Large 

Potential coverage of territorial range Infrequent Frequent 

(Table 2.3: Characteristics of raw materials at long and short occupation sites) 

The differences in settlement organisation between mobile and more sedentary hunter-

gatherer groups, and their different interactions with available sources of raw materials, 

would no doubt have a drastic effect on how a lithic assemblage would appear in the 

archaeological record. This kind of mobility organisation can be seen in the Epi-palaeolithic of 

southern Jordan, where seasonal mobility patterns varied from small ephemeral upland 

summer camps near flint sources, to large lowland winter camps located at some distance 

from flint sources (Odell, 2004). The greater blank/core ratio in lowland assemblages indicates 

exportation of flint from upland areas to areas deficient in this resource. This evidence was 

supported by measurements of variables related to tool manufacture. However, although the 

main manufacturing objective in both upland and lowland areas was the production of 

bladelets, the average length of primary elements and blade core facets in lowland 

assemblages was shorter. Also, primary elements and facets on cores from lowland sites were 

substantially shorter in maximum length than in upland sites, suggesting initial preparation of 

cores occurred at or near their origin, and before they were exported to lowland settlements 

(Odell, 2004). Analysis of Late Prehistoric sites along the Texas, U. S., coast further supports 

this (Odell, 2000), where one procurement site was close to a stone source, whereas the other 
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sites were distant. The further a site was from the source, the lower the flake/tool ratio, the 

greater the percentage of bifacial thinning flakes, and the shorter the points became. This 

relationship is also seen from sites in New Mexico, U. S., where it has been established the 

mean volume of flakes became smaller with distance from the source (Odell, 2000). Table 2.4 

shows the expected characteristics of lithic assemblages with increased and decreased 

distance from a raw material source. 

Lithic Assemblage 

Characteristics 

Increased distance from raw 

material source 

Decreased distance from raw 

material source 

Blank:Core Ratio Higher Lower 

Flake:Tool Ratio Lower Higher 

Percentage of Cortical Flakes Lower Higher 

Average length of primary elements Shorter Longer 

Average length of formal tools Shorter Longer 

Blade core facets  Shorter Longer 

Retouch on tools More Less 

Percentage of bifacial thinning flakes Higher Lower 

(Table 2.4: Characteristics of lithic assemblages with increased and decreased distance from 
raw material source) 

 

If distance to lithic raw materials affects the characteristics of a lithic assemblage, then it 

might be possible to link more mobile and more sedentary hunter-gatherer populations (i.e. 

residentially and logistically mobile) to these expected characteristics. More mobile groups 

are known to have a higher proportion of non-local materials within their assemblages as a 

result of frequent movements around the landscape. A higher level of mobility would very 

likely see a population being at increasing distances from raw material sources more 

frequently than populations who are more sedentary. More sedentary populations would 

likely keep a consistent distance from raw material sources as they move less frequently, 

seasonally, in the case of logistically mobile populations. Thus, one might expect an 

assemblage of a highly mobile hunter-gatherer population would have more characteristics 

in common to assemblages from sites at increasing distances from stone raw materials, while 

a less mobile population would have more characteristics in common with assemblages at 



 

50 
 

decreasing distance from a raw material source. This is of course dependant on the 

assumption lithic raw materials are unevenly distributed and not always readily available 

throughout a landscape. 

These characteristics closely link to issues surrounding portability, as, rather than transporting 

large amounts of heavy cores or nodules over long distances, only a few would be selected 

and consequently heavily and efficiently reduced. This would presumably be due to decisions 

determined by the degree of group mobility, and would lead to the selection of the lightest 

toolkit possible to efficiently move around the landscape. This model is logically appealing. 

However, it has been shown by Boesch and Boesch (1984) that wild chimpanzees, when 

exploiting tree species with harder nuts, preferentially transport heavier nut-cracking stones 

over greater distances. This asks the question whether intended use may be more important 

than portability, with this behaviour possibly having considerable time depth within the 

hominid lineage (Close, 1996). 

2.4 - Diversity and Stone Tools 

2.4a - Diversity in Archaeology 

The concept of diversity has been extensively utilised in the field of archaeological faunal 

studies to analyse the characteristics of bone assemblages left from animal subsistence 

exploitation. The use of diversity as a measure is becoming more common in the analysis of 

stone tool assemblages in order to gain an understanding into subsistence and mobility 

strategies. As discussed, the study of stone tool assemblages commonly uses principles taken 

from hunter-gatherer subsistence studies. Faunal studies regularly implement diversity 

analyses in order to understand the composition of faunal assemblages at sites. Several of 

these methods can be incorporated into stone tool analysis, including the analysis of richness 

and evenness of an assemblage.   

2.4b - Richness and Evenness 

Richness and evenness are two properties, often utilised in the field of faunal studies, which 

can be used as a measure of comparing diversity and/or variety between lithic assemblages. 

Richness is the general diversity or variety of species in a collection of individuals. One of the 

simplest methods of calculating richness is the ‘direct species count’ (Lyman, 2008; Rindos, 
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1989). However, when using this method, it is important to note sample size can have a 

significant effect on the results. Species richness is a useful measure in which to study the 

diversity of an assemblage, but it does not provide information on the underlying abundance 

distributions. When analysing the diversity of an assemblage it is also vital to obtain 

information on the frequency of representation of the contributing species (Rindos, 1989). 

Evenness is a measure of the relative abundances of each of the species present within an 

assemblage and is a component of richness (Lyman 2008). A rich or diverse assemblage may 

not be evenly represented by its species composition, and in fact may be dominated by one 

species. This can show us if a species is equally abundant or if certain species are more 

abundant than others. 

The Shannon Index is probably the most widely used and is defined as: 

H = -∑pi x logpi 

Where pi is the proportional abundance of taxa ‘i’ (i.e. taxa ‘i’ MNI or NISP / total number of 

taxa MNI or NISP in an assemblage) (Nagendra, 2002). 

The Simpson’s Index is also commonly used and is defined as: 

1/D where D = ∑n(n-1)/N(N-1) 

Where ‘n’ is the individual MNI or NISP of each taxon in every assemblage and ‘N’ is the total 

MNI or NISP of every assemblage (Simpson, 1949). 

2.4c - Problems with Sample Size 

When calculating richness and evenness it is vital to understand the effect of sample size on 

diversity. It has been shown the number of types of species encountered in a collection 

increase as the total number of individual’s recovered increase. To counter this problem of 

sample-size one should either compare collections containing equal numbers of individuals, 

or compare unequal samples of completely inventoried populations (Rindos, 1989). 

Therefore, for the purposes of this study, an assumption must be made that the entire lithic 

assemblage of each site has been inventoried. This is of course unlikely in many cases as the 

collection of lithic material from a site is highly dependent on the quality of excavation, 

recording, and/or publication of the data. 
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Problems with site reuse and site type classification 

As it is critical to reliably classify site types to distinguish between residential and logistical 

settlement organisation, it is important to consider the problems with site type classification. 

Site reuse represents the most common problem when distinguishing and classifying different 

site types in any one mobility strategy. Thomas (1989) and Lurie (1989) both recognise this 

problem, noting site types and settlement organisation strategies can be affected by the high 

level of mobility of hunter-gatherer groups, and the nature of their seasonal exploitation of 

the landscape. These problems are especially pronounced in logistical settlement systems. It 

is highly probable logistical camps may be reoccupied at different seasons and resemble base 

camps in regard to the range of activities performed. Also, more intensive occupations of a 

site may mask previous brief, residential, and/or diurnal extraction camps, while abandoned 

base camps could be reoccupied as temporary special task camps. Furthermore, functionally 

different special task camps could be established at the same camp site, and diurnal 

exploitation areas may overlap spatially as seasonal resources become available (Thomas, 

1989; Lurie, 1989). Taking this into account, over long periods of time, residential assemblages 

can become a mixture of residential and logistical strategies while logistical assemblages may 

represent several different and varied episodes of resource exploitation, or hidden by 

seasonal residential camps set-up in previous key logistical locations (Thomas, 1989). 

2.5 - Expectations of Stone Tool Diversity in Hunter-gatherer Settlement Organisations 

2.5a - Richness and Evenness  

When considering richness and evenness on a site-to-site level in terms of residential versus 

logistical mobility, it would be expected in a residential strategy there would be a richer and 

more diverse lithic assemblage, with a higher degree of evenness representing a broader 

range of activities in relatively close proximity to the camp. In contrast, in a specialised 

hunting camp, in a logistical strategy, you would expect to see a less rich and diverse 

assemblage, possibly dominated by a single tool type, representing more specialised activities 

aimed at completing a specific task. However, a base camp in a logistical strategy may be 

harder to distinguish from that of a residential camp in a residential strategy as the diversity 

of tools represented on site in both strategies would most likely be similar if we accept base 

camps to be the preparation area for the manufacture of tools that are subsequently taken 
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to special task camps. However, it might be expected residential camps in logistical strategies 

may exhibit a less diverse assemblage if we account for tool types taken off site to special task 

camps and not returned, or tools manufactured away from the residential camps at logistical 

sites that never have contact with the residential base. 

However, when many sites are averaged over a period of time it would be expected 

logistically mobile populations would have a richer but less even toolkit. This would represent 

the increase in number of tool types expected in a more specialised subsistence strategy, and 

the dominance of said specialist tools at special task camps. Residentially mobile populations, 

on the other hand, would be expected to have less rich but more evenly distributed 

assemblages. This would represent the fewer number of tool types expected in a more 

formalised and generalist strategy and the fact most, if not all, activities (domestic and 

hunting) would have occurred on site, creating a more even distribution of tool types.  

2.5b - Diversity in Residentially and Logistically Mobile Populations 

Artefact Density, Domestic Activities, and Diversity 

Jones et al., (1989) argue for an association with artefact density and variation. This leads to 

the expectation of low-density artefact scatters associated with foraging and/or ‘energy-

extraction’ (or ‘special task’) activities and denser, more centralised or localised, artefact 

scatters with residential base camp activities, but only under the assumption that the rate of 

artefact discard can be directly related with the level of activity. They further argue a 

distinction can be made between domestic, maintenance and extractive activities. Domestic 

and maintenance activities are generally assumed to be more localised and produce a high 

quantity of lithic debris, while extractive activities include a wider variety of different events, 

producing more dispersed scatters of artefacts with a lower density. Basically, a smaller range 

of functions is expected to be associated with extractive activities occurring away from the 

residential base camp when compared with domestic and maintenance activities that are 

assumed to occur mainly within the residential base camp. Jones et al., (1989) note this 

relationship should not be considered universal across a landscape, using the example of 

quarry sites in the US, which often consist of large quantities of debris with low functional 

diversity. Assuming this simplistic model is correct, we would expect to see more variation in 

site density from site to site across a landscape in a logistical strategy, having a more distinct 
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mixture of residential base camps and special task camps. In contrast, in a residential strategy, 

one would expect to see a more uniform level of density (that of higher density scatters) from 

one site to the next across a landscape due to the expected predominance of activities 

occurring within the base camp. However, in this study lithic assemblage density data was 

difficult to obtain for all the sites identified. Hence, it is proposed the total number of lithics 

in an assemblage be used as a proxy for density with the understanding, when site dimensions 

are unavailable, it is highly probable a large number of lithics may be spread across a large 

area, while a small number may be densely clustered and thereby not being representative 

of actual assemblage density.  

When considering maintenance activities as an indicator of residential base camps, it may be 

possible to identify sites with large numbers of maintenance debris such as ‘chips’ (Jones et 

al., 1989). A site with a large number of chips may represent a site in which a large amount of 

maintenance activities occurred, and may in turn be an indicator of a more centralised 

residential base camp. However, the maintenance of only a few stone tools can create a large 

amount of debris, and may not be representative of the level of maintenance activities at a 

site. Flake artefacts may also be used as an indicator of manufacturing, and thereby a possible 

indicator of residential camp activities. Jones et al., (1989) propose there should be a larger 

proportion of flakes in residential base camp assemblages than in offsite, special task camp 

assemblages. Additionally, they propose the average size of onsite flakes should be expected 

to be smaller than those in offsite assemblages, and a smaller proportion of these flakes 

would show evidence of use. A further archaeological indicator for residential camps may 

derive from the presence of larger structural elements such as central service areas, 

patterned areas of sleeping, maintenance, and discard, and particularly in the case of base 

camps in a logistical system, storage facilities (Thomas, 1989).  Kuhn and Clark (2015) also 

investigate changes in mobility by utilising density of artefacts, stating the frequency that 

artefacts are deposited at sites should reflect the number of person-hours spent at that site, 

noting other factors can also affect density within archaeological deposits.  Another problem 

is density is based on sediment volume in which the artefacts are embedded, therefore, rates 

of sediment accumulation can have a significant effect on artefact densities independent from 

human activities (Kuhn and Clark, 2015). 
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Several studies have utilised the relationship between artefact density and the frequency of 

retouched tools as a potential indicator for the duration of site occupation, and to determine 

regional mobility patterns (Barton et al., 2011; Clark, 2008; Kuhn, 2004; Riel-Salvatore and 

Barton, 2004; Riel-Salvatore et al., 2008). These studies are based on the fact hunter-gatherer 

populations carry a certain number of artefacts with them as they travel. In extremely short 

stays there would be a complete reliance on the artefacts brought with them, and a few of 

these artefacts would enter the archaeological record. The more time people spend at a site, 

the greater the likelihood they will manufacture additional artefacts on site. Also, prolonged 

occupations would allow more opportunities to procure raw materials. Thus, decisions to use 

transported tools or to make new ones can be linked to the duration of occupation and can 

reflect the frequency of residential mobility (Kuhn and Clark, 2015). From this Kuhn and Clark 

(2015) propose, if rates of sedimentation hold constant, the frequency of retouched tools 

should be negatively correlated with artefact density. Low density deposits suggest repeated 

short stays and little onsite production, while high density deposits suggest longer 

occupations, more in-situ manufacture, and more waste flakes and debris. They take this one 

step further by also linking the rate of artefact deposition of different artefact classes to site 

complexity. If all occupations were the same, and different types of artefacts were always 

introduced at the site through similar manufacturing strategies, artefacts would accumulate 

at rates determined by the amount of time spent at a site and rate of sediment input, and 

under these conditions, variability in density should be the same for all classes of artefact. 

Thus, changes in artefact accumulation rates, should reflect more complex mobility strategies 

(Kuhn and Clark, 2015). 

2.5c - Site Types and Expected Tool Diversity 

Thomas (1989) defines the presence of three site types in a logistical strategy: base camps; 

logistical field camps; and diurnal extraction ‘locations’. In this model, logistical field camps 

and diurnal extraction ‘locations’ are expected to be limited in size and in onsite activities 

when compared with residential camps. However, this model differs in that, in any one 

logistical system, the smaller, less diverse assemblages should be viewed as areas of diurnal 

extraction, while intermediate assemblages (between the size and degree of diversity of 

residential camps and diurnal locations) should be viewed as logistic field camps. Diurnal 

‘locations’ would also be a characteristic of a residentially mobile strategy, perhaps more so 



 

56 
 

than in a logistical strategy, as short foraging trips to gather/collect easily obtained resources 

would no doubt be crucial.  

Thomas (1989) finds the greatest variety of artefact and by-product producing activities occur 

in long-term residential camps, and as these camps are considered the centre of hunter-

gatherer society, they should be generally characterised by technologically and typologically 

diverse assemblages. Logistical field camps, on the other hand, are commonly defined as task 

specific, single-sex, short-term, and ephemeral. These camps should be seen as behavioural 

subsets of what happens within the residential base camp, and the tool assemblages at field 

camps represent material culture subsets of residential base camp assemblages. Thomas 

(1989) notes it is rare an assemblage can be defined in terms of specific artefact signatures, 

and field camps can be expected to contain only a more homogeneous, and relatively less 

diverse, assemblage than the mean base camp. Further to this, diurnal extraction ‘locations’ 

should display even more task-specific technology, and assemblages associated with these 

sites should be the most homogeneous and least diverse, relative to size, within a given 

system (Thomas, 1989). He also stresses caution should be exercised when assuming this 

model, stating “In many (if not most) archaeological assemblages, the diversity of a sample is 

a direct, linear function of the size of the sample. There is a treacherous relationship between 

class richness and sample size” (Thomas, 1989: 86). However, he highlights it should not be 

thought assemblage diversity is unrelated to site function, rather the exact nature of that 

relationship can only be understood by focusing on the relative (rather than absolute) degree 

of diversity. 

Thomas (1989) further recognises the relationship between number of tool classes and the 

number of individual tools is influenced by ecological, technological, informational, and 

scheduling factors, and it is important to note the degree of global assemblage diversity is not 

the main concern, it is the relative diversity within a given system that is key. When 

considering this, it is important to understand the potential ‘foraging radiuses’ of hunter-

gatherer groups in northwest Europe to determine what constitutes the geographical range 

or confines of a ‘system’. This will help to understand the relative diversity between sites 

within a single system. It is also just as crucial to recognise sites belonging to a single, 

contemporaneous, mobility strategy within a region to reliably compare sites that can be 

related to the same system.  
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2.5d - Tool Complexity, Resource Stress, and Diversity 

A possible response to subsistence resource stress is the introduction of more efficient ways 

to procure food items. This is often accomplished by producing more specific or more complex 

tools, where specificity refers to the diversity of tools within a functional class, and the more 

specific a tool is to its task, the greater chance of success in the completion of that task (Lurie, 

1989). Torrence (1983) points out specificity is high where resource options are limited, and 

the risk of failure is high. For example, the Inuit have different harpoons for hunting different 

aquatic animals. 

Tool Complexity 

Tool complexity should also be considered when thinking about diversity. Complexity, in this 

regard, refers to the number of items making up a tool. The greater the number of items, the 

more complex the tool. Shott (1986) states tool complexity may increase with tool specificity 

or versatility. While specificity can reduce the risk of failure, versatility can reduce the time 

invested in manufacturing tools by making a tool suitable for several types of tasks with little 

advance preparation. There is also the added advantage that broken elements, such as stone 

projectile points or scrapers, can be replaced without the manufacture of a completely new 

tool. However, an efficient toolkit has its costs, as this technology requires careful, time-

consuming, and more scheduled manufacture (Lurie, 1989). 

Bleed (1986) compares characteristics of prehistoric toolkits to aspects of reliability and 

maintainability defined by modern day engineering (see Table 2.5). He believes these 

concepts are more suited to the study of stone tools than concepts of ‘simple’ and ‘complex’ 

tools used by such authors as Torrence (1983), Shott (1989), Lurie (1989) and Oswalt (1973), 

noting, in the ethnographic record, toolkits defined as ‘simple’ or ’generalised’ in 

archaeological studies, are quite often more complex than ‘complex’ or ‘specialised’ toolkits, 

thus these definitions are misleading. Thus, concepts of reliability and maintainability can be 

used by archaeologists to predict technological behaviour depending on environmental 

constraints and hunting strategies. 
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Reliable Systems Maintainable systems 

Overdesigned components (components made 

stronger than they minimally need to be) 

Generally light and portable 

Under-stressed (system used at less than full 

capacity) 

Subsystems arranged in series (each 

part has one unique function) 

Parallel subsystems and components (redundant 

and standby) 

Specialized repair kit including ready-

to-use extra components 

Carefully fitted parts and generally good 

craftsmanship 

Modular design 

Generalized repair kit including basic raw 

materials (to affect any repair) 

Design for partial function 

Maintained and used at different times Repair and maintenance occur during 

use 

Maintained and made by specialist Overall easily repaired – ‘serviceable’ 

(Table 2.5: Characteristics of reliable and maintainable systems in engineering (after Bleed, 

1986))  

Reliable systems are made so they can be relied upon when required, whereas maintainable 

systems can easily be made to function if they are broken or not appropriate for a task (Bleed, 

1986). Reliable systems are built with both redundant and standby components (multiple 

components employed for a single task). Redundant components operate in parallel and in 

the same way as one another. Standby components also operate in parallel but as backups to 

other components and come into use only when another component is not successful. Set-

up and maintenance of reliable systems tend to be different from times of use and often 

requires maintenance and use to be carefully scheduled in advance. When maintaining a 

reliable system, generalised repair kits and tools are utilised that can handle any problem that 

may occur, as they are not designed to break down, and any problems that occur, occur 

unpredictably and potentially in any component. Therefore, one must be prepared to make 

or repair any component of a reliable system (Bleed, 1986). 

Maintainable systems tend to be simpler than reliable systems. They have a series design with 

each component made to do its own unique job. Thus, if any component fails, the whole 

system fails. However, since points of failure can be predicted, maintainable systems are 
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designed so failed components can easily be removed and replaced with a spare part making 

the system functional again. Individuals working with these systems often utilise a specialised 

repair kit that has spare parts and tools designed to carry out specific, predicted, or 

anticipated repairs. One way maintainable systems are made to avoid total failure is to be 

designed for partial function so they have some way of functioning if not at full efficiency, 

even after a component fails. Also, maintainable systems do not typically have a clear, 

scheduled, separation between the time they are used and the time of maintenance and 

repair (Bleed, 1986).  

Overall, Bleed (1986) believes maintainable systems are preferable for generalised tasks that 

are continuously needed, but have unpredictable schedules and generally low failure costs. 

In contrast, reliability, is more important where failure cost is high and so the system must 

work when needed (Bleed, 1986). Assuming these definitions are true of prehistoric hunter-

gatherer populations, reliable systems would be predicted to be employed for logistically 

mobile populations who are more sedentary in nature, predict times and locations for 

resource exploitation, and have less concern for weight and portability of tools. Maintainable 

systems would be predicted for more residentially mobile populations who move more 

frequently around a landscape, cannot predict when and where resources will need to be 

exploited as easily, and who need a more lightweight and portable toolkit. Similarly, the costs 

of failing to take advantage of resources at the right time in the right place in a logistical 

system would be much higher, especially if one links logistical mobility to harsher 

climatic/environmental conditions. However, in a residential system, the generalised nature 

of exploitation and the high frequency of moves throughout the landscape would mean the 

costs of failure would not be so high, especially if one links residential mobility to more 

favourable climatic/environmental conditions.   

Resource Stress 

Subsistence resources are not the only resources that may be affected by resource stress. 

Lurie (1989) suggests lithic raw materials may be affected by sustained exploitation and 

become depleted. As a result, as a location is used for longer periods of time, better quality 

stone may become scarce, and knappers may have to resort to using inferior material, trading, 

or altering the stone to improve its quality (e.g. the thermal treatment of chert). Thermal 

alteration comes at the cost of collecting fuel, building a hearth and the risk of failure, while 
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trade comes at a significant cost of time and energy. If this is the case it would be expected 

more expensive material for tool manufacture should be used more economically, and be 

primarily used to make special tools that would be knapped with less waste and used more 

intensively (Lurie, 1989). They hypothesise, as populations aggregate, access to resources can 

become controlled or restricted, creating stresses similar to resource depletion. Also, larger 

populations are usually more socially complex and greater complexity requires more 

information transfer both within, and between, groups. Tools may be used to encode status 

markers or group identifiers and, in hunter-gatherer populations, this is likely to constitute 

exotic raw materials for manufacture, stylistic variation in tool form, and tool decoration. 

Therefore, hunter-gatherers living in a more complex social system, may expend greater time 

and effort in tool manufacture (Lurie, 1989). Lurie (1989:48) believes if these factors are 

accepted “clearly a more sedentary life-style places demands on technology that require 

increased investment of time and energy in tool manufacture and economics of use”. 

However, it is the opinion here, lithic raw materials would not be subject to depletion to the 

same degree as food and plant resources. Rarer raw materials may be highly sought after and 

curated for longer, but more common raw materials would be difficult to deplete to 

exhaustion by a small hunter-gatherer group. For example, river cobbles used for tool 

manufacture at several Pleistocene/Holocene transitional sites in the UK, would be near 

impossible to deplete by a small group of hunter-gatherers. Moreover, if this was the case, 

subsequent populations in an area would increasingly have less local raw material available 

to them through time. However, control or restriction may well be an important factor in raw 

material availability as a population becomes more sedentary. It is important to note, any of 

these indicators may also be the result of poor availability of adequate quality raw materials, 

and can only be considered if the nature of raw materials in a region is known. 

2.5e - Risk, Diet Shifts, and Diversity 

Myers (1989) argues, in the Early British Mesolithic, due to climate amelioration and the 

consequent shift from migratory to non-migratory major prey species, hunting would have 

altered from a strategy based on intercepting animals at key locations, to a strategy limited 

to less predictable animal encounters. This shift may have led to the need to procure 

resources quickly and efficiently. It is argued the use of multi-pronged tools, using numerous 

microlithic components, and an increase in the diversity and reliability of the tool-kit, would 
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have been adopted. Another effect of this shift in strategy would have been changes in 

patterns of raw material procurement and manufacture of tools to satisfy the increased 

demands on time. The scheduling of time and labour (energy) represent two key areas of 

‘decision making’ which determine the success of an economic strategy. Levels of risk and 

energy expenditure would logically be dependent upon resource mobility, and unit yield. 

Hence, a distinction can be made between animal, plant, and water resources along with raw 

materials such as stone and wood. The mobility of animals introduces risk as they can avoid 

detection and capture. In contrast, resources such as plants, water, stone, and wood, do not 

carry such a risk, as they are immobile and can be reliably and routinely located within a 

landscape. However, in terms of cost, plant resources generally have a lower yield and small 

unit size, and thereby become more expensive to procure in terms of time and energy 

expended to resources gained. The primary limitation in exploiting plant resources is the cost 

of labour invested in collection, transport and processing. In contrast, the hunting of animals 

is primarily limited by risk (Myers, 1989). Torrence (1983) and Myers (1986) both argue the 

need to manage risk, determined through the use and availability of time for resource 

procurement, is most significant where animals are key to the subsistence strategy. Generally, 

hunter-gatherer societies that are heavily dependent upon the exploitation of mobile 

resources, especially groups in seasonally distinct environments, in terms of primary 

productivity, will mainly be concerned with the management and/or reduction of risks. In 

contrast, hunter-gatherer societies dependent upon non-mobile resources located within 

environments, where there are significant quantities of primary productivity available 

throughout the year, will be primarily concerned with managing and/or reducing costs. Risk 

can be managed by the adoption of a wide variety of strategies dependent on the risks 

involved. It may be possible to influence the spatial and/or temporal behaviour of game to 

elicit more favourable hunting conditions. It is also possible to change patterns of exploitation 

and utilise a low-risk but low-return resource to reduce the importance of animal resources 

to the success of the overall subsistence strategy. Also, technological responses to risk 

management will be expected to vary according to the nature of problems encountered in 

resource procurement (Myers, 1986).  

To manage subsistence risk, it is important to maximise the time available, as time used for 

the exploitation of critical resources should not be compromised by simultaneous, non-critical 
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activities. This can be seen by the general acceptance that lithic procurement and 

manufacture can be embedded within schedules to avoid overlapping with subsistence 

activities (Myers, 1986). Binford (1979) explains embedded strategies of raw material 

procurement, in providing raw materials incidental to the performance of other activities, 

maintain a steady supply without the need for organising task-groups that specifically collect 

materials. Procurement of raw materials can be carried out when the primary task has either 

failed or has left spare capacity for collecting, transporting, and caching these materials. This 

ensures, when there are periods of subsistence activity that are highly ‘time-stressed’, such 

as when conditions are favourable to heavily exploit food resources for over-wintering, these 

activities are not compromised by shortages of raw material or tools. In this way, periods of 

subsistence activity that are less time-stressed may be crucial in allowing time for procuring 

the necessary raw materials for those periods where the efficient use of subsistence time is 

required (Myers, 1986). The scheduling of tool manufacture and maintenance in advance or 

in anticipation of future use also represents a significant response for maximising the time for 

subsistence activity (Binford, 1968, 1973, 1976; Jochim, 1981; Myers, 1989). When 

subsistence activities are time-stressed and can be anticipated, the preparation of tool-kits 

well in advance of need can avoid the risks of not being able to take full advantage of critical 

and short-lived subsistence opportunities. This strategy may be very significant in adapting to 

temporally and spatially inconsistently distributed resources (Binford, 1980; Myers, 1989). 

Myers (1989) suggests risk reduction strategies may also be reflected in terms of assemblage 

composition, diversity, and complexity. Tools used in obtaining non-mobile food resources 

should be associated with activities where time is not a major factor, and the tools 

manufactured under these conditions are unlikely to be designed to reduce risk. However, 

weapons and facilities are associated with highly mobile food sources and often are involved 

in time-stressed activity. Consequently, it is expected there should be investments in design, 

manufacture, and maintenance of both weapons and facilities to reduce risk where possible. 

Torrence (1983) found, in ethnographically documented hunter-gatherer societies, there is a 

correlation between increasing ‘weapon’ specialisation with increasing latitude. This is seen 

through an increase in the diversity of functionally distinct tools used in food procurement. 

The relationship between the diversity of weapons and latitude has been thought to reflect 

the increase of importance of mobile resources with increasing latitude. This would suggest, 
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as there is an increase in critical dependence on mobile, high-risk, game, there is an increase 

in the number of distinct weapon types in a toolkit. Torrence (1989) did not find a correlation 

between ‘non-weapon’ implements and, as Myers (1989) notes, this might be expected as 

these implements would not be used to exploit high-risk resources, and would not be 

designed with risk reduction in mind. Therefore, assuming implements are not involved in 

high-risk activities, the diversity of these tool types would not be expected to change as the 

low level of risk would remain relatively constant with latitude. Torrence (1989) also found 

the total number, and per tool average, of functionally distinct component parts, could be 

positively correlated with latitude. These findings support the premise that increased 

component complexity can achieve specific benefits in risk reduction through improved 

efficiency in food procurement (Myers, 1989). Myers (1989) adapts this suggesting, if tools 

designed to perform specific tasks are expected to be more efficient in the performance of 

those tasks than tools designed for a broader range of tasks, then modern hunter-gatherers 

appear to respond to increased time-stress through toolkit diversity. 

Further to Torrence’s (1983) findings of increased toolkit specialisation with increasing 

latitude, Osborn (1999) also shows there is an inverse relationship between ET and the 

specialisation of hunter-gatherer tools. In low productivity, seasonal environments, foragers 

tend to have a more diverse toolkit with specialised functions for each tool. In high productive 

environments, foragers tend to carry a smaller number of tools, which are more flexible in 

terms of number of tasks involved. McCall (2007), notes this pattern is influenced by priori 

information and planning in the design of toolkits. Foragers in high productivity environments 

with dense resource distribution, diverse subsistence resources, and low seasonality, favour 

random resource encounter strategies and flexible toolkits to deal with unpredictability. 

Foragers in low productivity environments, with a high dependence on hunting/fishing and 

high seasonality, favour more targeted exploitation of specific resources, and therefore more 

specialised toolkits. This logistic, targeted, exploitation is necessary due to larger territory 

sizes and sparser distribution of resources, characteristic of low productivity environments. 

In these environments, random encounter strategies would lead to very low encounter rates. 

Thus, there is a threshold where multiple day trips become necessary to exploit distant areas 

of a territory, which requires a high degree of priori information about the environment, 

planning, and resource targeting. This is supported by Binford (1976) and Greaves (1997) who 
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propose two technological strategies in which hunter-gatherers contend with increasing 

foraging distance. One strategy is to increase the number of tools carried due to the increased 

number of tasks expected to be carried out, while the number of uses for each tool is relatively 

stable. This is a characteristic of logistical strategies in low productivity environments with a 

high dependence on hunting/fishing. The second strategy is to increase the number of uses 

of each tool rather than the number of tools carried. This is characteristic of residentially 

mobile strategies, in high productivity environments, using random encounter strategies, and 

where trips are often less than one day. This strategy is a response to a lack of information 

about what resources will be encountered and the need for task flexibility. 

Additionally, Oswalt (1973), in his study of toolkits and diets from twenty hunter-gatherer 

groups, has argued there is also a relationship between a population's degree of reliance on 

mobile resources and the complexity of its toolkit. He suggests the exploitation of mobile 

resources is more difficult and thus demands more complex tools than in the exploitation of 

immobile resources. Therefore, populations relying mainly on animals for subsistence should 

be expected to have more complex toolkits than populations whose diets are dominated by 

plant foods. He also argues, because aquatic animals are more mobile than terrestrial animals, 

populations depending on aquatic animals are likely to have more complex toolkits than 

populations relying on terrestrial animals. This disagrees with the principles of reliable and 

maintainable systems set out by Bleed (1986) in which ‘complex’ toolkits would be related to 

maintainable systems, which he in turn relates to the characteristics of logistically mobile 

populations.  

2.5f - Consequences of Mobility and Population Size on Tool Diversity  

Mobility 

Shott (1986) proposes residential mobility influences hunter-gatherer toolkit structure due to 

carrying costs constraining the number of the tools a population can utilise. If this is assumed, 

he believes populations that move frequently and/or long distances every year will have less 

diverse toolkits than those that move less frequently and/or shorter distances. Therefore, 

tools employed by highly mobile populations will be less specialised than those used by less 

mobile populations since they will be utilised in a wider variety of tasks. Therefore, it should 

be expected artefact diversity will have an inverse relationship with residential mobility, so as 
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mobility increases, artefact diversity decreases (see Table 2.6). Although no ethnographic 

data on artefact diversity were available to Shott (1986) for special-task-orientated or field 

camps, it would be logical to assume special-task-oriented camps, such as hunting camps, 

plant collecting stations, or butchering sites, would have relatively low diversity of artefacts. 

Thus, if a narrow range of activities were performed at a particular location, one would expect 

to find a relatively low number of artefact types (Andrefsky, 1998).  

Shott (1986) tested this theory on a sample of fourteen historically documented hunter-

gatherer populations, and found toolkit diversity and mobility frequency were significantly, 

negatively correlated, suggesting populations that move frequently utilise a smaller variety of 

tool types than more sedentary groups. However, some of his other proposed residential 

mobility criteria did not support his hypothesis. He found toolkit diversity was not significantly 

correlated with total distance covered per year, toolkit complexity was not significantly 

correlated with frequency of residential moves per year or the average distance covered 

during each move, and toolkit diversity and toolkit complexity was not significantly correlated 

with territory size. He also found there was a significant positive correlation between toolkit 

diversity and number of days at winter camps, which supports his hypothesis. However, 

toolkit diversity was not significantly correlated with intensity of land use, and toolkit 

complexity was not significantly correlated with the number of days stayed at winter camps 

or intensity of land use. He also found there was no significant correlation between toolkit 

diversity and effective temperature and net primary productivity of an environment. 

Mobility and Occupation Length Artefact Diversity 

Residential Mobility Low 

Logistical Mobility High 

Long duration of occupation High 

Short duration of occupation Low 

(Table 2.6: Relationships of mobility and occupation length with artefact diversity) 

2.5g - Population size 

Shennan (2001) studied the effects of population size on toolkit complexity using population 

size hypotheses derived from cultural evolutionary models. He concluded larger populations 

have a major advantage over smaller populations in regard to cultural innovation, due to the 
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decreasing role of sampling effects as populations increase. When effective population size is 

large, there is a far greater probability of ‘fitness enhancing’ innovations being maintained 

and disadvantageous innovations being deleted than when effective population size is small. 

Therefore, as each techno-unit represents an innovation, small populations can be expected 

to have less complex toolkits than large populations. Thus, there should be a significant 

positive correlation between population size and toolkit diversity and complexity (Collard et 

al., 2005). 

Collard et al., (2005) used a stepwise multiple regression analysis and a dataset of 20 hunter-

gatherer populations to evaluate the relative importance of four main factors commonly 

thought to influence the diversity and complexity of stone tool assemblages, 1) the nature of 

subsistence resources exploited, 2) risk of subsistence resource failure, 3) degree of 

residential mobility, 4) and population size. They found risk of resource failure has a significant 

impact on toolkit diversity and complexity, while the nature of subsistence resources 

exploited, degree of residential mobility, and population size show no significant correlation. 

However, they do note there are several ‘non-conforming’ hunter-gatherer populations that 

disagree with this general model. 

2.6 – Potential sources of error 

When comparing the lithic assemblages of sites to determine mobility strategies, one major 

problem arises. This is the problem of temporal continuity, that is, if each site within a region 

or landscape can be related to a continuous mobility system operated by a single group or 

culture. This problem is compounded by dating. Is it possible to say a group, 100-200 years 

apart, is practising exactly the same mobility strategy or at least the same degree of mobility? 

Several archaeologists, including myself, recognise the importance of understanding mobility 

strategies as they are extremely fluid, with the presence of elements of both residential and 

logistical strategies in varying degrees. One site could invariably represent a mobility strategy 

utilised 100 years before another site within close proximity. One site may be a residential 

camp used within a more residential strategy where no logistical field camps were 

constructed, while the other may be a logistical field camp from a logistical strategy. The close 

proximity of these sites may have the effect of resembling a logistical strategy and masking 

the earlier residential strategy. Thus, it is important to realise the difficulty in determining 

whether a tool had hunting or domestic functions. Odell (1981) shows this from the 
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Mesolithic site of Bergumermeer in the northern Netherlands. Here he found the categories 

of microlithic points, burins, and backed blades, which correspond to specific techniques of 

manufacture, appear to be discrete functional units, whereas the formal categories of knives, 

side-scrapers, end-scrapers, borers and axes, which are less discrete and defined more by 

elements of retouch, show a level of functional heterogeneity. He argues, due to this, 

determining function from morphological characteristics alone is not suitable for use in lithic 

analysis. Evidence from this site suggests artefacts classed as knives and endscrapers were 

being used as projectile points rather than the use their classification names suggest their 

respective functions should be. One example was the morphological knife category in which 

there were more pieces judged to have been projectile points than actual knives. It was found 

from the wear traces, a large percentage of the knife category appeared to be relatively small 

in size, and many would have been classified as microlithic points had they been retouched 

in the appropriate places. 

2.7 - Research Methodology 

This chapter has so far discussed the many aspects of hunter-gatherer subsistence behaviour, 

the consequent effects on mobility, and how archaeologists have attempted to witness 

changes in these behaviours in the stone tool record. To answer the research questions set 

forward in this thesis, several of these archaeological and ethnological indicators for hunter-

gatherer subsistence and mobility behaviour will be combined and utilised to form a general 

model of expected archaeological signatures for residential and logistical mobility strategies 

which can then can be applied to the archaeological record of the Pleistocene/Holocene 

Transition in northwest Europe.  

2.7a - Stone Tool Assemblage Indicators  

Devising a robust set of indicators to determine changes in mobility from lithic assemblages 

is a complex and difficult proposition. Firstly, there are the many theories and hypotheses 

developed from the hunter-gatherer ethnographic record, which are commonly criticised for 

being both spatial and temporally distant to each other, and to prehistoric populations, and 

often provide contradictory models which can confuse expectations. Secondly, the 

archaeological lithic record itself is problematic in that it is difficult to define what constitutes 

a tool and its function or functions, along with a whole host of problems involving deposition, 
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natural and unnatural disturbances, bias in excavation, excavation and report quality, and 

availability of data, to name a few.  

Here, a set of indicators considered to be suitable to analyse the lithic assemblage data from 

sites in northwest Europe during the Pleistocene/Holocene transition will be set out based on 

an amalgamation of the theories and hypotheses discussed. Archaeological indicators will be 

selected by considering important aspects of hunter-gatherer mobility and tool production, 

mainly, 1) cost, risk, and anticipation as a selective factor, 2) curation, retouch, and 

expediency, 3) diversity and complexity, and 4) raw materials.  

2.7b - Cost, Risk, and Anticipation 

Cost        

Cost can be related to a whole array of actions and activities engaged in by hunter-gatherer 

populations. These include time and energy expended in resource collection and processing, 

and the net gain from these activities (i.e. does the net gain from collecting and processing a 

specific resource justify the energy and/or time to exploit it). These examples only consider 

economic cost and relate directly to group survival. However, there are also social and 

political costs that are much more difficult to see in the archaeological record. Costs can 

include group identity, interaction and trade, group territories, religion/beliefs, and tradition. 

These less quantifiable costs would have an effect on decisions and preferences influencing 

economic strategies, such as access to good quality raw materials, and tool design choices 

influenced by group identity and/or tradition.  

Risk 

Risk is a component of cost, and may be thought of as particularly relevant when determining 

changes in mobility during climatic events such as the YD. It could be expected a return to 

stadial conditions in northwest Europe during the YD would have increased the risk involved 

in successful hunting over the previous and subsequent Allerød and PB interstadials. The shift 

from more densely concentrated animal and plant resources to open and more highly 

dispersed and seasonally mobile animals would have undoubtedly influenced hunter-

gatherer subsistence strategies. Harsher environments, with less densely populated food 

resources, would drastically increase the risk and consequences of failure. Thus, it would be 
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logical to assume more specialist and reliable hunting equipment would be a crucial 

technological adaption in order to mitigate this risk. This has been outlined by Binford (1979; 

1980), Torrence (1983; 1989), Myers (1986), amongst others. 

Anticipation 

Risk can be directly related to anticipation as anticipation can be effective in minimising risk. 

Anticipation is more complex to visualise, as this is more dependent on the mobility strategy 

employed than the resources exploited. Binford (1979; 1980) states more residentially mobile 

populations would have a greater emphasis on anticipation of future events. A residentially 

mobile group would require thorough understanding of what resources become available at 

certain times of the year and plan their occupations accordingly. It would be expected a more 

mobile population would place a greater emphasis on creating more multifunctional toolkits 

in advance, which can be used for several different activities as they travel. This has led to the 

theory that more mobile groups will have a greater emphasis on producing more formal, 

multifunctional, and portable tools (Andrefsky, 1994; 1998). This is in contrast to more 

logistically mobile populations, who are more sedentary in nature, and would only need to 

manufacture specialist tools for specialist tasks at pre-determined locations and times nearby 

a central residential base. Thus, these groups can afford to make these tools less in advance, 

and closer to the time they are expected to be utilised, leading to many archaeologists 

(Andrefsky, 1994; 1998; Parry and Kelly, 1987; Torrence, 1989; Young, 1994) to believe more 

sedentary populations would prioritise producing quickly manufactured, expedient, tools 

used only for a few specialist activities at certain times of the year.  

However, how can we relate anticipation to expectations of climate change and changes in 

mobility? Binford (1980) has stated a logistical strategy is more likely to be practised during 

colder climatic phases due to the shorter growing seasons during these periods. In colder 

climates, it might be tempting to assume pre-planning tool manufacture for future events 

would be a crucial factor for hunter-gatherer populations living in such conditions. However, 

pre-planning in logistical populations is related more to what resource will be exploited at 

which logistical camp and at what time of year. If it is known what kind of activities are to be 

carried out and at what time, it becomes less necessary to spend extra time investment on 

tools well in advance. Rather the tools can be manufactured at specific times nearer the 

expected times of specific resource exploitation. 
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In more residentially mobile populations, the manufacture of tools in anticipation of several 

different episodes of resource exploitation in advance, becomes much more important as 

carrying large amounts of raw material, ready to be utilised at a moment’s notice for one 

specific task, is generally not considered a viable strategy. However, this is reliant on the 

availability of raw materials in the region. It could be possible that suitable raw materials are 

easily found throughout the region, and could potentially be simply picked up off the ground 

when needed. In this case it could be expected an expedient tool manufacturing strategy may 

also be a viable option. Importantly it should be noted mobility is not the only factor to 

consider. Quality of available raw materials may also condition the production of expedient 

versus formal tools. Andrefsky (1994) showed poor raw materials tend to be made into more 

expedient tools, while good quality raw materials are made into formal tools, but only when 

good quality raw materials are in low abundance. In areas with plentiful, good quality, raw 

material, both expedient and formal tools were manufactured. However, his study did not 

consider the relative proportion of expedient versus formal tools in lithic assemblages. 

Andrefsky’s (1994) findings may be of significance when considering the relation of mobility 

and tool expediency, and should be noted when forming interpretations based on these 

assemblage characteristics. However, for the purposes of this study, it will be assumed higher 

proportions of expedient tools in lithic assemblages should be a general characteristic of 

logistically mobile populations while higher proportions of formal tools should be a general 

characteristic of residentially mobile populations. Following this assumption, we should 

expect to see the following characteristics in the lithic assemblages of residentially mobile 

versus logistically mobile hunter-gatherer populations (see Table 2.7). 

 Residentially Mobile Logistically Mobile Archaeological Indicators 

Proportion of 

expedient tools 

Low High Number of formal tools/Number of 

retouched and utilised blanks 

Proportion of 

formal tools 

High Low Number of formal tools/Number of 

retouched and utilised blanks 

Levels of retouch High Low Number of retouched tools/Total 

lithic assemblage 

(Table 2.7: Predictions of the proportion of expedient tools, formal tools, and levels of 
retouch in lithic assemblages of residentially and logistically mobile populations) 
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So how do we see this in the archaeological record of a site? It should be possible to simply 

compare the expediency of the toolkit from two or more assemblages by measuring the 

number of utilised blanks compared with recognised formal tools. However, there is nothing 

to say non-utilised blanks were not also used as tools, in which case comparing the total 

number of blanks with the number of recognised formal tools may also be wise. The degree 

of retouch on blanks and tools is extremely subjective and inconsistently recorded in the 

reports from the sites compiled in this study. However, the basic category of ‘retouched’ and 

‘utilised’ blades and flakes are consistently reported, at least enough to form reliable 

comparisons from site to site. Information on core reduction strategies would also be highly 

useful to determine the efficiency of core processing, i.e. how wasteful was core processing 

in terms of raw material used for tool manufacture, with wasteful processing a more 

expedient strategy and more efficient processing a more formal tool strategy. Again, details 

of core reduction techniques are inconsistently reported if at all, which make this line of 

enquiry difficult. Table 2.8 and 2.9 show the potential cost, risk and levels of anticipation for 

common hunter-gatherer activities in residentially and logistically mobile strategies, and the 

predicted characteristics of lithic assemblages as a response to these factors. 

 

Logistical Mobility 

 Cost Risk Anticipation Lithic Assemblage Characteristics 

Hunting High High Low Specialised 

Foraging Low Low Low Generalised? 

Tool production Low High Low Expedient 

Tool maintenance Low Low Low Low retouch 

Tool complexity Low Low Low More complex 

Raw material 

procurement 

High Low Low Higher proportion of non-local 

materials 

(Table 2.8: Levels of cost, risk, and anticipation in logistically mobile hunter-gatherer 
populations and the expected effects on lithic assemblage characteristics) 
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Residential Mobility 

 Cost (energy, 

time, social) 

Risk Anticipation Lithic Assemblage Characteristics 

Hunting High High High Generalised 

Foraging Low Low Low Generalised? 

Tool production High Low High Formal 

Tool maintenance High Low High High retouch 

Tool complexity Low High Low Less complex 

Raw material 

procurement 

Low High High Higher proportion of non-local materials 

(Table 2.9: Levels of cost, risk, and anticipation in residentially mobile hunter-gatherer 
populations and the expected effects on lithic assemblage characteristics) 

 

2.7c - Curation, Retouch and Expediency 

Curation of lithic artefacts can also provide evidence for mobility strategies. Curation here is 

directly linked to expediency in tool manufacture. A formal tool will be curated and 

maintained for longer compared with an expedient tool, which is more likely to be readily 

discarded when used or blunted. This may also include utilised flakes and blades that, in a 

strategy in which conserving raw materials or anticipating future events is crucial, may need 

to be curated to last longer. It is hypothesised more mobile population will curate their tools 

for longer due to the formal nature of their toolset (Andrefsky, 1994) and a more sedentary 

population would have less need to curate their toolset due its more expedient nature. If this 

is accepted then it would be expected a residentially mobile population would have a higher 

level of curation and/or maintenance compared with logistically mobile population. This may 

be seen in the number of retouched tools and retouched and utilised blanks within an 

assemblage. Also, the amount of maintenance debris, such as chips, may provide evidence 

for higher or lower levels of maintenance and thus curation between sites (see Table 2.10).   

However, as discussed, there are several problems pertaining to the identification of retouch, 

along with what constitutes as retouch. This problem also extends to identifying utilised flakes 

and blades. Another problem arises from the effects of trampling which may give the effect 

of retouch or use wear (Odell, 2001). Further problems arise when considering the dataset in 

this study, which provides inconsistent levels of information on retouch and utilisation. 
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However, utilised and retouched blades and flakes are quite consistently tallied, which 

provides a method of comparison between sites.    

Characteristics of Curation High Mobility Low Mobility Archaeological Indicators 

Retouch intensity High Low Number of retouched edges per tool 

Maintenance products  High Low Numbers of chips  

Numbers of flakes 

Tool forms Formal Expedient Proportion of retouched and utilised 

blanks versus formal tools 

(Table 2.10: Characteristics of curation in high and low mobility hunter-gatherer populations) 

Parry and Kerry (1987) found with increasing sedentism, and the decreasing importance of 

transporting tools, there is a decrease in the proportion of formal tools showing facial 

thinning, such as projectile points, scrapers and bifaces, suggesting a lesser emphasis on 

multifunctional tools and a shift to more expedient toolkits. They also found at special task 

camps there is a higher tool/core ratio, more formal tools and a higher percentage of 

prepared platforms (see Table 2.11).  

Characteristics of Lithic Assemblage High Mobility Low Mobility Special Task Camps 

Proportion of formal tools High Low High 

Proportion of formal tools showing facial 

thinning 

High  Low - 

Tool/core ratio High Low High 

Percentage of prepared platforms - - High 

(Table 2.11: Characteristics of expediency in high and low mobility hunter-gatherer 
populations and in special task camps) 

 

2.7d - Diversity and Complexity 

Diversity has been commonly used as an important avenue in lithic analysis since the mid 

1980’s. The methods for determining diversity in lithic assemblages have sensibly adapted 

principles employed in archaeological faunal studies, such as measures of richness and 

evenness. Richness and evenness (as described by Lyman, 2008; Rindos, 1989) are two 

measures that can tell us a lot about the structure of an assemblage. Richness can provide us 

with information on the general diversity or variety of tools in a lithic assemblage, while 

evenness provides information on the relative abundance of each tool within a lithic 



 

74 
 

assemblage. Evenness is a useful measure as, even though there may be several different 

recognised formal tool types within an assemblage, this does not mean every tool type is an 

important and/or representative component of that assemblage. The more even the measure 

of relative abundances of tools are, the more diverse the assemblage. In contrast, an 

assemblage of which the measure of relative abundance is skewed towards an individual tool, 

or set of tools, would be seen as less diverse and more specialist. The statistical equations 

used to measure evenness are presented in section 2.4b of this chapter. These measures are 

primarily used in the field of faunal studies but can also be adapted to any type of species 

analysis including lithics. However, as discussed, richness and evenness are particularly 

susceptible to the effects of sample size. It has been shown the number of types of species 

encountered in a collection naturally increase as the total number of individuals recovered 

increase. Considering the sample sizes of lithic assemblages from the northwest European 

Pleistocene/Holocene transitional sites can vary enormously, from as little as 10 recognised 

artefacts to as many as 12,000 artefacts. This is a potentially large source of error when 

comparing sites. Rindos (1989) suggests the simplest method for countering this problem is 

to either compare collections of equal numbers of individuals from two or more samples, or 

to compare two or more unequal samples of completely inventoried populations. As 

discussed, for the purposes of this study, an assumption must be made that the entire lithic 

assemblage of each site has been fully inventoried, as finding equal sized lithic assemblages 

from this period is not possible. This is due to a large variation in site functions and occupation 

length, which in turn leads to a large variation in numbers of deposited lithic artefacts. 

Additionally, the collection of lithic material from a site is highly dependent on the quality of 

excavation and the subsequent recording and/or publication of the data.   

Shott (1986) and Andrefsky (1994; 1998; 2008) have proposed, in general, as a population 

becomes more mobile the diversity of tool types decreases. Basically, tool diversity is 

indirectly proportional to the level of mobility of a population. This is a logical argument, as it 

is widely believed less mobile logistical populations should use a more specialist toolkit to 

carry out specific tasks, therefore there should be more formal tool types to carry out several 

different specific tasks. Conversely, more residentially mobile populations would be expected 

to have a more generalised toolkit to take advantage of several different tasks when they are 

encountered while moving from location to location.  
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So, what are the best methods to determine diversity and complexity in the northwest 

European Pleistocene/Holocene transitional lithic assemblages? There are several ways to 

determine diversity, the most simplistic of which would be to count the number of recognised 

formal tool types and divide that number by the total number of artefacts to produce a 

relative diversity for each assemblage. However, this method suffers greatly from sample size, 

a problem which is particularly relevant to the dataset within this study. Alternatively, 

statistical approaches may offer a more insightful view into aspects of assemblage diversity, 

such as the Shannon Index and the Simpson Index.  

Another proposed measure of diversity comes from the assumption higher density 

assemblages would contain a higher diversity of tool types (Jones et al., 1989). This 

assumption is based on the principle residential sites are typically expected to have the 

greatest diversity of activities carried out on site, and would have been a base for tool 

manufacture and/or maintenance. This would create a larger density of lithic debris from a 

larger range of activities when compared with specialist-task camps, which would have 

smaller lithic assemblages possibly from tool repair, discard, or loss. Additionally, residential 

camps would be expected to have a higher population size compared with special-task camps, 

which would also imply there should be a higher density of artefacts at residential camps. To 

calculate density, it may be possible to simply divide the number of lithic artefacts by the size 

of the site either in m2, or ideally in m3. Measuring density relies on the assumption all 

artefacts represented within an assemblage have stayed more-or-less in situ and not been 

spread out over a large distance or collected together by natural (or unnatural) phenomena. 

However, in the dataset compiled within this study, site size is inconsistently documented and 

the few reported site dimensions are usually in surface area rather than volume of soil. Due 

to this it is proposed, in the absence of consistent size dimensions, the total number of 

artefacts be used as an additional indicator for density. This assumption is based simplistically 

on the idea a site with a larger amount of material would belong to a larger site containing a 

higher amount of activities. This eliminates, to some extent, the problem of artefact 

movement, implying all or most artefacts have been collected from a site, but has the 

resulting problem of assuming a large number of lithic artefacts are not deposited over a large 

area, or a small number deposited in a small area. There should also be the further 

expectation sites operating within a logistically mobile system would have a much higher 
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variation in density from site to site, representing the mixture of residential base camps and 

special-task camps. In contrast, it would be expected, in a residentially mobile system, 

artefact density should be more uniform from site to site, representing the dominance of 

residential base camps within this strategy. Another potential indicator of site type and 

function would be to distinguish between domestic and hunting tools. A site with a high 

proportion of domestic debris from manufacture and maintenance would most likely be a 

residential area or base camp. In contrast, a site with a lower proportion of lithic debris and 

a higher proportion of extractive or hunting tools would most likely be a special-task or limited 

activity camp. Consequently, it might be possible to define residential camps by indicators 

such as the large amounts of chips and small flakes.  

Complexity is another important technological adaptation that, along with diversity, can 

significantly decrease risk and increase efficiency of specific activities. Myers (1989), proposes 

increasing quantity and types of microliths from the Early to Late Mesolithic Britain is a 

response to increased time-stress and hunting risk. This is further supported by the reported 

lack of bone and antler harpoons, seen in the Late Mesolithic, compared with the previous 

Early Mesolithic. Myers (1984) proposes microliths should be seen as a replacement for bone 

and antler harpoon barbs and the increase in types of microliths may be seen as an increase 

in complexity by producing more flexible and maintainable weapons. Bone and antler 

harpoons would be a lot less flexible and repairing broken barbs would be near impossible 

without having to manufacture a whole new harpoon with all the processes of raw material 

procurement and steps in manufacture. This would make bone and antler harpoons 

unsuitable in highly time-stressed and risky hunting strategies. Even though microliths should 

not be directly linked to the technological replacement and redundancy of harpoon barbs on 

bone and antler harpoons, the shift away from these tools to alternative microlithic tools, 

which would have no doubt been more flexible and maintainable, suggesting there was an 

accompanying shift to more time-stressed activities from the Early to Late Mesolithic in the 

Britain. Thus, increases in microlithic components within a lithic assemblage may suggest an 

increase in complexity in response to an increase in time-stressed activities. It is proposed 

here the proportion of microliths, along with the number of different types of microliths, may 

be one possible measure that can be employed to determine toolkit complexity. Also, the 

presence or lack of bone and antler harpoons, although not lithic based, may suggest more, 
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or less, complex toolkits. The expected characteristics of diversity and complexity within a 

lithic assemblage in high mobility versus low mobility populations are set out in Table 2.12. 

Characteristics of Diversity 

and Complexity 

High Mobility Low Mobility Archaeological Indicators 

Diversity of tool types Low High Numbers of different tool types 

Evenness  High Low Spread of tool types within an 

assemblage 

Richness Low High Numbers of different tool types 

Density of assemblages  High Low in residential 

camps, high in 

base camps 

Artefacts per m2/m3 , in the 

case of this study possibly 

simply No. artefacts 

Number of tool 

components (Complexity) 

 

Low High Proportion of microliths in an 

assemblage 

(Table 2.12: Characteristics of diversity and complexity in high and low mobility hunter-
gatherer populations) 

 

2.7e - Raw materials 

It has been shown raw materials also play an important part in determining hunter-gatherer 

choices in mobility strategy and tool manufacture. However, raw materials can confuse 

matters when it is understood the quality and/or availability of raw materials in any one 

landscape is highly variable from region to region, and can substantially change the 

composition of stone tool assemblages. This can have the effect of giving the appearance of 

having been occupied by a highly mobile group when in fact it was occupied by a more 

sedentary group, with limited access to suitable raw materials. To further complicate matters, 

limited access may also refer to socially constructed access by sedentary groups who maintain 

‘ownership’ of suitable raw materials in their territories. This may have similar effects on 

stone tool assemblage composition as natural poor raw material availability and can be 

difficult to distinguish.  

If we assume raw materials are in ready supply and of suitable quality, what characteristics 

can be predicted for highly mobile populations and more sedentary populations? Firstly, 
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variability of stone raw materials should increase with increased mobility. As a population 

becomes more residentially mobile it will cover larger territorial ranges more frequently, and 

likely procure stone raw materials from various different sources. This will also have the effect 

of having a higher proportion of non-local raw materials in an assemblage belonging to a 

highly mobile population. In contrast, more sedentary populations, such as logistically mobile 

populations, move significantly less frequently within a year (although the territory covered 

may be similar to residentially mobile groups, but moving less frequently). Thus, sites 

belonging to logistically mobile populations, should exhibit less variability in stone raw 

materials as the majority of supply will come from a limited, and most likely consistent, 

number of locations, either nearby or at an easily reached distance. This should also have the 

effect of logistical sites having a higher proportion of local lithic raw materials.   

The distance from raw material sources can also affect the characteristics of a lithic 

assemblage. It has been shown (Odell, 2000; 2001; 2004), as distance increases, blank/core 

ratio increases, and flake/tool ratio decreases. This is due to higher intensity in core reduction 

and a higher proportion of available blanks being modified into tools as a result of a 

population being unable to procure suitable raw materials immediately. Cores, tools, and 

blanks are also shorter in length, again due to the intensive reduction of cores, and there is 

an increase in application and intensity of retouch as a result of maintenance and extended 

curation while at a distance from a raw material source. 

Considering this, it might be possible to link highly residentially mobile populations with 

populations at increased distance from a raw material source. As a residentially mobile group 

will move around a landscape more frequently than a logistical group, it would be logical to 

assume, at several times throughout the year, a group will be far away from a suitable stone 

source. This would lead to a higher incidence of the assemblage characteristics of a population 

at increased distance from a raw material source (listed in Table 2.4) in their lithic 

assemblages. In contrast, logistically mobile groups, who move around the landscape less 

frequently (possibly season to season), would likely keep a short distance from their base 

camp to stone sources. This assumption would suggest the lithic assemblages of logistical 

groups would have the characteristics of a population closer to a stone raw material source. 

Of course, this is highly dependent on the availability and distribution of stone raw material 

sources in a landscape, but, if it is assumed suitable raw materials for stone tool production 
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are unevenly distributed in a landscape, at highly variable distances, this may hold true. 

However, naturally limited suitable stone raw material sources may also produce similar 

assemblage characteristics both in residentially and logistically mobile populations. Also, 

more densely populated, semi-sedentary populations may have problems with limited access 

to suitable stone sources due to their location in the territory of different hunter-gatherer 

groups. If this is the case, characteristics of lithic assemblages at a distance from stone sources 

may also be present in groups with limited access to stone raw materials, either in a 

residentially or logistically mobile population. The use of these assemblage characteristics in 

this study will be under the strict assumption that suitable quality stone raw materials are 

unevenly distributed across a landscape, and are openly accessible to all hunter-gatherer 

groups. 

How can we see raw material usage indicators in the archaeological record of the sites in this 

study? Raw material variability and raw material types are inconsistently reported/published, 

but several sites do list them amongst lithic assemblage descriptions. Local versus non-local 

raw material is consistently described in reports and should be able to be used as an indicator. 

Lengths of cores, tools, and blanks are again inconsistently recorded but there remain a few 

well documented case studies which may offer interesting comparative analyses. 

Economy/efficiency of raw material use might be seen from the proportion of blanks 

compared with cores. This of course depends on the amount each core is reduced. However, 

this information is rarely reported within the assemblage descriptions compiled in this study, 

and it will be assumed the less cores per blanks, the more efficient the strategy, while a higher 

core to blank ratio would suggest more wastage of raw material. Quality of raw material is 

quite consistently reported (at least in terms of poor vs good quality) so this may represent 

an opportunity to determine the production of formal and expedient technologies in relation 

to the available raw material. This can be further related to a site’s level of residential or 

logistical organisation to ascertain if Andrefsky’s (1994) proposal of effects on raw material 

quality and mode of tool production holds true. A summary of expected characteristics can 

be seen in Tables 2.13 and 2.14. 
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Raw Material Characteristics High Mobility Low Mobility Archaeological Indicators 

Percentage of non-local  Higher Lower Percentage of non-local 

raw materials 

Percentage of local  Lower Higher Percentage of local raw 

materials 

Disparate/low quality sources Production of formal 

tools 

Production of 

expedient tools 

Proportion of formal tools 

vs expedient tools 

Easily available/high quality 

sources 

Production of formal 

tools 

Production of formal 

tools 

Proportion of formal tools 

vs expedient tools 

Economy of use Highly economical Wasteful Number of cores/number 

of blanks 

(Table 2.13: Expected raw material characteristics in high and low mobility hunter-gatherer 
populations) 

 

Lithic Assemblage 

Characteristics 

Increased distance 

from raw material 

source 

Decreased distance 

from raw material 

source 

Expected Characteristics 

in Residentially Mobile 

Sites 

Expected Characteristics 

in Logistically Mobile 

Sites 

Blank:Core Ratio Higher Lower Higher Lower 

Flake:Tool Ratio Lower Higher Lower Higher 

Percentage of 

Cortical Flakes 

Lower Higher Lower Higher 

Average length of 

primary elements 

Shorter Longer Shorter Longer 

Average length of 

formal tools 

Shorter Longer Shorter Longer 

Blade core facets  Shorter Longer Shorter Longer 

Retouch on tools More Less More Less 

Percentage of 

bifacial thinning 

flakes 

Higher Lower Higher Lower 

(Table 2.14: Characteristics of lithic assemblages with increased and decreased distance from raw material 
source and the expected relationship to residentially and logistically mobile lithic assemblages assuming equal 
distance and availability of raw materials) 
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2.7f - General Characteristics of Hunter-Gatherer Camp Types 

Finally, it is important to note, when considering lithic assemblages from logistically and 

residentially mobile populations, the ‘base camp’ is a shared site type between the two 

systems. The presence of ‘special task camps’ are the major determining factor when 

recognising logistical systems. Table 2.15 and 2.16 set out the general expected 

characteristics of the lithic assemblages of base camps and special task camps respectively.  

Base Camps    

 Incidence Archaeological Indicator 

Number of blanks High Number of blanks 

Number of chips/maintenance products High Number of chips and/or flakes 

Tool production products High Number of production products  

Number of cores High Number of cores 

Number of domestic tools High Scrapers, borers, burins etc. 

Number of hunting tools Low/Medium Points, Microliths 

Size of site Large Site size in m2 

Density of artefacts High Density of artefacts in m2 or m3, possibly 

total number of artefacts 

Site numbers Low C14 dates as proxies for sites 

(Table 2.15: Characteristics of lithic assemblages in hunter-gatherer base camps seen both 
in logistically and residentially mobile populations) 
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Special Task Camps 

 Incidence Archaeological Indicator 

Number of flakes Low Number of blanks 

Number of chips/maintenance 

products 

Low Number of chips and/or flakes 

Tool production products Low Number of production products 

Number of cores Low Number of cores 

Number of domestic tools Low Scrapers, borers, burins etc. 

Number of hunting tools High Points, Microliths 

Size of site Small Site size in m2 

Density of artefacts Low Density of artefacts in m2 or m3, possibly total 

number of artefacts 

Site numbers High C14 dates as proxies for sites 

(Table 2.16: Characteristics of lithic assemblages in hunter-gatherer special task camps seen 
only in logistically mobile populations) 

 

2.8 - Concluding Remarks  

This chapter has discussed at length the complex issues encountered when trying to ascertain 

hunter-gatherer mobility from their toolkits in prehistoric contexts and provided a set of 

potential indicators in which to analyse mobility from lithic assemblages. The following 

Chapter 3 will evaluate the raw data collected for this study to ascertain sources of error and 

to minimise them in my analysis. Chapters 4 and 5 will then employ the predicted indicators 

outlined within this chapter to ascertain how hunter-gatherer populations changed their 

mobility strategies in the face of the dramatic climate downturn of the YD. 
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Chapter 3: Examination and Evaluation of 

Assemblage Data 

3.1 - Introduction 

Before analysing the collected data and interpreting potential patterns in hunter-gatherer 

mobility related to climate change, it is important to evaluate the composition of the database 

in terms of the excavation, publication, and presentation of the individual sites that were 

collected. The quality of archaeological excavation, reporting and publication is well known 

and accepted to be highly variable through time, from the earliest amateur antiquarian 

excavations to modern-day professional excavations. This variation over time poses a 

problem, as it could lead to significant errors when comparing large databases of site and 

assemblage data belonging to different periods of archaeological research. By recognising and 

accepting the inevitable flaws and biases within this dataset, one can more reliably analyse 

the data available, along with advising caution when forming interpretations of trends and 

patterns. This section will highlight and discuss the possible sources of error within the 

database presented in this study in an attempt to mitigate such sources, and enable a 

balanced presentation and interpretation of the results in the following chapters. Many of 

the following figures include the natural log (Ln) of artefact numbers, area, and altitude, in 

order to clearly show potential relationships. This would otherwise be confusing due to the 

overlap of hundreds of data points. A logarithmic scale can be found in Appendix 1, pg. 303 

which gives an approximate conversion of Ln numbers to actual numbers.   

3.2 - Excavation Date and Assemblage Numbers   

It is well known that our knowledge of what constitutes a well excavated, published, and 

presented archaeological site has changed and improved over time, along with other factors 

such as what is considered an artefact, and what artefacts are considered important to 

record, analyse and present. Thus, it would be expected, for example, sites which were 

excavated and published in the 1800’s would be of lower quality compared with those 

excavated and published in the 2010’s. However, this is not to say that all current excavations 
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and publications of excavations are executed flawlessly today, rather they are more uniformly 

excavated and published to an accepted standard and have the benefit of modern 

technologies in both excavation and analysis (and to some extent publication and 

presentation). 

As can be seen from Fig 3.1 the majority of assemblages within the studied database were 

excavated post-war from the 1950’s onward. It is interesting to note the lack of sites 

excavated so far in the current decade, possibly relating to ongoing analysis of materials which 

has delayed publication of the results. 

 

(Fig 3.1: Number of Assemblages within the database against the decade of excavation) 

This would indicate that, in general, the composition of the database is fairly recent in nature, 

with a substantial number of sites being excavated in the 1980’s and 1990’s. Fig 3.2 shows 

this more clearly when the data is divided into four distinct periods. 
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(Fig 3.2: Total number of assemblages against excavation period (defined in text)) 

However, does this distribution change for each of the climatic phases that are at the centre 

of this study? Fig 3.3 shows the number of sites by the excavation period for each of the 

climatic phases; the Allerød, Allerød/YD transition, YD, YD/PB, and PB. 

Only the Allerød sites follow the same distribution as the total number of sites, and is the 

period in which the most sites were excavated from 1860-1940. The YD follows with the 

second highest number of excavated sites. Interestingly here, there are significantly less sites 

excavated in the decades from 1980-2010, when compared with the other climatic phases. In 

comparison, the PB has a significantly high number of sites excavated in the decades from 

1980-2010 and only one site excavated in the decades from 1900-1940. The transitional 

phases of the Allerød/YD and PB/YD consist solely of sites excavated in the decades from 

1940-2010, with the YD/PB having a much higher proportion of sites excavated in the decades 

from 1980-2010. 

However, the general trend from climatic phase to climatic phase, is that the majority of sites 

have been excavated in the decades from 1980-2010, with the notable exception of the YD, 

in which the majority were excavated in the decades from 1940-1980. This is somewhat 

surprising as it was assumed there was a general increasing interest in sites attributed to the 

YD in more recent times, as is the case in southern Europe. This has either not been the case 
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in north-western Europe, or there are many sites from this period currently being analysed 

and awaiting publication. 

 

(Fig 3.3: Number of assemblages per excavation period in each climatic phase including total 
number of sites within the whole dataset in each climate phase) 

 

Overall, in regards to excavation dates, the majority of sites were excavated in the post-war 

periods from 1940-2010, with a large proportion excavated between 1980 and 2010. In fact, 

the decades from 1980-2010 represented the highest number of excavations in all but the YD 

sample. Due to this, the composition of this dataset can be seen as including significantly 

higher numbers of more reliably excavated and reported sites. Consequently, it is expected 

there will be minimal effects of excavation quality, relating to excavation date, on the results 

presented.  

 

3.2a - Relationship between Excavation Dates and the Numbers of Tools, Blanks, Cores, and 

Total Number of Lithic Artefacts 

We have seen the relationship between excavation date and number of sites, but is there any 

significant relationship between excavation date and the composition of lithic inventories?  
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(Fig 3.4: Total lithic assemblage including waste material, against excavation date) 

The total number of lithics (including waste material) does not appear to be strongly 

correlated with excavation date (R = 0.248; p = 0.002), but there remains a significant, weak 

correlation (Fig 3.4). However, there is a lack of consistent reporting of waste material such 

as scatter, and chips, especially from excavations prior to the 1940’s, but there are still a 

significant number of sites in which waste material is still not recorded/reported in more 

modern excavations. Fig 3.5 shows the changes in excavation practices through time 

regarding the collection and recording of lithic waste products and their perceived 

importance in archaeological interpretations. This plot indicates any interpretations using 

lithic waste material in this study should be viewed with caution. It is suggested, here, that 

waste materials, such as shatter and chips, be excluded from the total artefact counts in order 

to increase reliability while maintaining sample size.   
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(Fig 3.5: Total lithic artefacts against excavation dates and assemblages with and without 
reported waste products shatter and debitage) 

 

One possible solution to help mitigate this potential bias would be to exclude all data from 

sites excavated from older, less reliable excavations at the cost of a slight decrease in sample 

size. To this end, Fig 3.6 shows the same comparison but with the omission of sites excavated 

pre-1940’s, showing a clear difference, from a quite pronounced positive correlation in the 

previous full dataset plot (Fig 3.5), to an almost neutral correlation when pre-1940’s 

excavated sites are excluded (R = 0.006; p = 0.648) (Fig 3.6). Therefore, it can be reliably 

assumed that the reporting of waste material after 1940 would not have a significant effect 

on the results.  
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(Fig 3.6: Total lithic assemblage against excavation date excluding excavations pre-1940) 

An alternative strategy, to counter the bias, and enable the use of more data, is to use the 

total sum of the blanks, tools, and cores in each assemblage only, and then using this as a 

proxy for assemblage size (Fig 3.7). This also shows a non-significant correlation between the 

total lithic assemblage and excavation date (R = 0.161; p = 0.111) and suggests that any 

interpretations based on this proxy for the total lithic assemblage at sites can be seen as 

reliable. This will be the preferred method going forward in this study, as it maximises sample 

size. 
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(Fig 3.7: Sum of blanks, tools, and cores against excavation date) 

 

 
(Fig 3.8: Total number of artefacts, and the percentage composition of tools, blanks, and 

cores against excavation date) 
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Fig 3.8 shows the total number of artefacts (excluding waste) and the percentage of tools, 

blanks, and cores, from sites excavated from 1860 to 2016. It can be seen there is no 

significant difference in the total number of artefacts excluding waste materials (R = 0.004; p 

= 0.960) with excavation date, although it is clear there is a much larger variation in total 

artefacts recovered from ca. 1950 onward, with much larger assemblages being recorded. As 

one might expect, there is a negative correlation in the percentage of tools reported in 

assemblages, possibly representing the reporting of more lithic elements in newer 

excavations, and is supported by the positive correlation in the percentage of blanks reported. 

However, there is a weak correlation in both the percentage tools (R = 0.181; p = 0.005) and 

percentage blanks (R =0.207; p = 0.051), providing no strong evidence that excavation date 

would drive results. There is a slight negative correlation in the percentage of cores reported, 

which is again not statistically significant (R = 0.107; p = 0.101), that might support that 

reporting of elements has not differed significantly over time, at least not enough to be driving 

the results of this study, suggesting any interpretations based on the numbers of these 

artefact types can be assumed to be reliable. 

 

3.2b - Site/Excavation Size and Excavation Date 

A relationship between site size and excavation date was also considered as a possible factor 

for driving results, and any further interpretations relating to numbers of artefacts excavated 

and recorded. However, sites with site size data are mainly restricted to more modern 

excavations in this dataset post-1950 (Fig 3.9). Consequently, only post-1950 sites will be 

tested. 
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(Fig 3.9: Total lithic assemblage against excavation date, and assemblages with and without 
site size data) 

 

Fig 3.10, shows how site and/or excavation size relates to excavation date from excavations 

post-1950. Somewhat surprisingly there is a statistically significant, although weak, negative 

correlation (R = 0.298; p = 0.001) between site size and excavation date. There seem to be a 

higher number of smaller size sites and/or excavations from around 1990 to the present day, 

with the distinctly larger excavations being carried out in the 1950’s. This may be a factor of 

the increasing numbers of rescue excavations, which target smaller areas over shorter periods 

of time in more recent times. This implies, sites excavated more recently tend to be smaller 

in size which, when comparing site and/or excavation size, may affect results for specific 

climatic phases if any one of the said phases has a predominance of recent or older 

excavations. 
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(Fig 3.10: Area of excavation in m2 against excavation date using data from post-1950 excavations 
only using the total lithic assemblage including waste products, R =0.298; p = 0.001) 

 

3.2c - Site Type and Excavation Dates 

Along with the general question of when sites were excavated, it would also be wise to look 

at the relationship between site excavation dates and the type of site excavated. Fig 3.11 

shows the number of cave and open-air sites from each excavation period that have lithic 

assemblages suitable to analyse and compare. It is important to note that this data does not 

include the actual numbers of cave and open-air sites from each excavation period that have 

human and/or humanly modified organic remains and sites with poor lithic assemblages not 

suitable for analysis and comparison. In general, there are very few cave sites represented in 

this dataset, especially in comparison with open air sites which dominate post-1940’s 

excavations. Interestingly, out of the 22 cave sites with robust lithic assemblages that have 

excavation dates recorded, 14 of them were excavated pre-1940 and only 2 post-1980, the 

other 6 falling in the decades from 1940-1980. There are also a very low number of open-air 

sites comparable with the number of cave sites for the same period (pre-1940’s). In addition, 

it is interesting to note that the majority of cave sites with robust lithic assemblages are found 

in the UK (13) and Belgium (6). This suggests there is a bias in the data towards cave sites in 

excavations dated to pre-1940 which may affect the numbers of artefacts recorded through 
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time. It could be rightly argued, depending on whether the site was a cave site or an open-air 

site, there may be different organisational uses by hunter-gatherer populations, which might 

result in a natural difference in artefact composition between the two site types. As there is 

a bias towards cave sites in earlier excavations, and open-air sites in more recent excavations, 

could this lead to deceptive correlation between total numbers of artefacts and excavation 

date through time? 

 

(Fig 3.11: Number of cave and open-air site lithic assemblages against the excavation 

period) 

Fig 3.12 shows the excavation dates, total number of artefacts, and the site type. The cave 

sites are distributed strongly around pre-1940 excavations and have generally lower 

assemblage sizes. However, as previously noted, earlier excavations are less likely to report 

data such as number of shatter/chips and blanks, which may be initially deceiving. Perhaps if 

waste material was reliably and fully reported in earlier excavations the assemblage sizes 

would resemble those of more modern excavations. However, the more recently excavated 

cave sites do not seem to have significantly higher numbers of artefacts than earlier 

excavations. Does this imply that cave sites produce less waste material compared with open-

air sites? It is impossible to resolve this problem due to the lack of open-air sites in earlier 

excavations. However, the few open-air sites pre-1940 again seem to show no remarkable 

difference in total number of artefacts than many of the more recent excavations. This again 
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raises the question, if the generally lower number of artefacts in earlier excavations may be 

an important component of hunter-gatherer cave use, rather than poor recording of “waste” 

artefacts.  

As can be seen in Fig 3.13, when waste material is excluded, there appears to be no significant 

difference in the relationship between the numbers of lithic artefacts in cave and open-air 

sites between early and modern excavations compared with Fig 3.12. However, it is 

interesting to note the number of lithic artefacts from the majority of cave sites do not appear 

to change significantly, possibly indicating cave sites have less lithic waste products due to 

hunter-gatherer behaviour rather than poorer excavation techniques, and thus explaining 

why waste is reported less in the earlier excavations. 

Open-air sites dominate post-1950 excavations with lithic assemblages, where there is a sharp 

and marked increase in both the total number of sites and the number of open-air sites. There 

are only 8 cave sites with good quality lithic assemblage’s post-1950 and over 200 open-air 

sites. In contrast, there are 13 cave sites pre-1950 and only 8 open-air sites. This may be due 

to the majority of cave sites being already discovered and excavated during the late 1800’s 

and early 1900’s due to their high visibility and possibly public interest value. 

 

(Fig 3.12, Total lithic assemblage against excavation date and number of cave and open-air 
site lithic assemblages) 
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(Fig 3.13, Sum of blanks, tools, and cores against excavation date and number of cave and 
open-air site lithic assemblages)  

 

3.2d - Relationship between excavation dates and artefact ratios 

An important aspect of analysis and comparison in this study, is the ratio of components of 

the lithic artefacts, mainly blanks, tools, and cores. Several ratios have been proposed in 

Chapter 2 in the hope to gain an insight into how hunter-gatherer mobility and behaviour 

changed during dramatic climate shifts. Fig 3.14 shows three of the argued measures of 

hunter-gatherer mobility change: the blank/tool (B/T), blank/core (B/C), and tool/core (T/C) 

ratios. It is vital to understand how such measures may be affected by the excavation date. It 

could generally be argued that B/T and B/C ratios should increase as blanks become more 

readily reported in more recent excavations, while the T/C ratio should decrease as more 

cores tend to be reported in more recent excavations. This can be seen in Fig 3.14. However, 

both the T/C (R = 0.083; p = 0.169) and B/C (R = 0.084; p = 0.481) ratios appear to have no 

significant relationship with excavation date, while the B/T ratio (R = 0.223; p = 0.004) appears 

to have a potentially statistically significant relationship with excavation date, although with 

a very weak correlation. One way to mitigate this would be to exclude all the earlier 
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excavation data. Fig 3.15 shows how this relationship changes when all sites pre-1940, 1950 

and 1960 are excluded. This is not necessary with the T/C and B/C ratios as there is no 

significant relationship with excavation date, and thus should not have an effect on any 

analysis. 

(Fig 3.14: The B/T, B/C, and T/C ratios vs excavation date) 

Fig 3.15, shows a notably more even distribution of assemblages when pre-1940’s excavations 

are excluded with, no significant correlation between B/T ratio and excavation date (R = 

0.147; p = 0.068). However, when testing assemblages excluding pre-1950’s excavations there 

is a weak, positive, correlation with a significant statistical relationship (R = 0.167; p = 0.035). 

It is not until we exclude excavations pre-1960’s, we see a non-significant relationship 

between the B/T ratio and excavation date in the following decades to the present. As 

excavation techniques and methods were of variable quality pre-1960 it was decided to 

exclude all pre-1960 excavated assemblages as a precautionary measure in order to 

definitively eliminate excavation date bias.  
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(Fig 3.15: B/T ratio vs excavation dates excluding decades from pre-1940, 1950, and 1960) 

 

3.2e - Regional Variations 

It is important to determine whether there are regional biases in the composition of the 

database. Fig 3.16 shows the number of sites per country of origin against each climatic phase 

(also see map for geographic distribution of sites in Appendix 1 pg. 307). When we look at the 

three main climatic phases, the Allerød, the YD, and the PB, we can see different regional 

biases in each. The Allerød has a high proportion of French sites, and the highest proportion 

of UK sites, but generally has quite an equal distribution, with the exception of Belgium. The 

YD has a very high proportion of German sites and quite a high proportion of Dutch sites with 

a very low number of French sites. The German sites appear to be over-represented in this 

sample. The PB has a very high proportion of Belgian sites and a high proportion of French 

and Dutch sites, and the highest proportion of Scandinavian sites. German sites appear to be 
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significantly under-represented in this sample while the Belgian sites appear to be over-

represented considering the size of the country and the numbers of sites from this country in 

the other climatic phases.  

 

(Fig 3.16: Number of Assemblages per country against climatic phase) 

 

3.2f – Summary of the Effects of Excavation Dates on my Data 

The vast majority of sites in the dataset are from more recent excavations post-1940 with a 

large proportion from post-1980, meaning that, as far as excavation quality is concerned, this 

dataset can be considered very reliable. There is a significant bias in site type and excavation 

date, with almost exclusively cave sites with lithic assemblages excavated pre-1940 with 14 

of the 22 cave sites with excavation dates recorded, and only 2 open-air sites. This picture is 

in stark contrast to sites excavated post-1940, where only 8 cave sites with lithic assemblages 

were excavated compared with 212 open-air sites. The comparative lack of caves with good 

quality lithic assemblage’s post-1940 may be a result of the comprehensive recording and 

excavation of these sites prior to 1940 and the possibility many lithic assemblages dating to 

this period in cave sites were unwittingly destroyed or overlooked by excavators in the pursuit 

of older and/or more attractive artefacts. This poses an interesting question as to if cave sites 

pre-1940 should be considered unreliable and excluded. However, there is an argument that 
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the cave sites post-1940 show no significant difference in numbers of artefacts to their post-

1940 counterparts, which may suggest that older cave excavations may in fact recovered the 

majority of artefacts. 

The B/T ratio has a statistically significant relationship with excavation date which is an issue, 

as this may interfere with the results and interpretations when comparing these two 

variables. It has been suggested older excavations may have to be excluded from this plot 

when analysing blank-tool relationships. It has been proved sites excavated post-1960 show 

no significant relationship between B/T ratio and excavation date, and can be considered 

more reliable for analysis. The B/C and T/C ratios show no statistically significant relationship 

with excavation date within the whole dataset so can be considered reliable. However, as the 

B/T ratio is compromised by excavation date there may be an unseen bias in the B/C and T/C 

ratios which also requires caution when interpreting results.  

Area of excavation affects numbers of artefacts as would be expected. However, excavation 

area decreases with time. As excavation area data was only available for sites post-1950, only 

these assemblages could be compared. It was found there is a statistically significant, negative 

relationship. This most likely a result of increasing numbers of rescue excavations in more 

modern times, which are smaller in nature, or possibly a result of smaller sites being 

considered more important recently, compared with earlier excavations. 

There are no statistically significant relationships between the total number of artefacts and 

excavation date. There is an initial significant relationship with the total lithic artefacts with 

excavation date. However, this was found to be due to the more common reporting of lithic 

waste products such as shatter and debitage in more recent excavations. When excluding 

earlier excavated sites pre-1940, and when such waste material was excluded from the total 

artefact count, this relationship disappeared, proving there is no relationship between the 

total number of artefacts and excavation date, and that these numbers can be confidently 

compared. 
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3.3 - Excavation Size and Altitude 

3.3a - Excavation Size 

The numbers of artefacts may also be driven by the size of an excavation (larger area 

excavated would be expected to have larger numbers of artefacts) and the preference of 

where in the landscape is excavated (for example biases towards lowland sites for rescue 

archaeology carried out on road and other building projects at the expense of upland 

excavations). Consequently, excavation size and altitude was plotted against the percentage 

of total tools, hunting tools, and domestic tools in the total assemblage and in the tool 

assemblage (in the case of hunting and domestic tools). 

It would be expected, as excavation size increases so would the number of tools and domestic 

tools. However, one might expect that the number of hunting tools would decrease if the 

assumption is made that larger sites tend to be “domestic” camps, especially within a 

logistical strategy. It can be seen from Fig 3.17 there is indeed a trend towards larger 

excavations containing larger numbers of artefacts. However, this trend has a weak 

correlation (R = 0.448) and there is no strong evidence to suggest a significant relationship 

between excavation size and the total assemblage driving the results. 

(Fig 3.17: Total assemblage size against excavation size for the whole dataset. R = 0.448, p = 
4.660E-42) 
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There is a similar trend with a similarly weak correlation when, looking at the number of tools, 

hunting tools, and domestic tools (see definitions for what constitutes hunting and domestic 

tools in the glossary of tool definitions in Appendix 1) against excavation size (Figs 3.18, 3.19, 

3.20), and there is a distinctly weaker correlation when looking at the numbers of hunting 

tools. Broadly speaking, one would expect there to be increasing numbers of total tools and 

the domestic tool component, and possibly decreasing numbers of hunting tools, which to 

some extent seems true when looking at these distributions. However, no significantly strong 

evidence exists suggesting excavation size is driving the numbers of artefacts in this dataset. 

(Fig 3.18; Tool assemblage size against excavation size for the whole dataset. R = 0.470; p = 
1.133E-24)  
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(Fig 3.19; Hunting tool assemblage size against excavation size for the whole dataset. R = 
0.156; p = 1.159E-17) 

 

(Fig 3.20; Domestic tool assemblage size against excavation size for the whole dataset. R = 
0.489; p = 2.670E-18) 
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These results show no significantly strong evidence suggesting that the numbers of tools and 

their hunting and domestic components are driven by excavation size. With regard to this 

study, this suggests any problems arising from larger sample sizes from larger excavations are 

minimal. However, there is still a weak trend of increasing numbers of tools with increasing 

excavation size, which one would expect, and it would be sensible to keep this in mind, 

especially when acknowledging the issues of sample size and larger excavations experienced 

in many other archaeological studies.    

When looking at the total assemblage size against excavation size for each climatic phase (Fig 

3.21), it can be seen the Allerød and Allerød/YD transition have a notably stronger significant 

correlation (R = 0.6398 and R= 0.6999 respectively) than the YD, YD/PB, and PB, with 

increasing numbers of artefacts with excavation size. Although stronger than the whole 

dataset values, it still provides no significantly strong evidence to suggest this is driven by 

excavation size alone. The YD displays a similar trend, but with a weaker correlation along 

with the YD/PB transition, which has a notably small sample size. Interestingly, the PB has a 

distinct distribution showing no real change in the numbers of artefacts with excavation size. 

However, there is a very weak correlation (R = 0.0214), suggesting there is no significantly 

strong relationship here. Overall, there again appears to be no significant evidence that 

excavation size drives assemblage size in any of the individual climatic phases, but with a case 

for a slightly stronger correlation occurring in the Allerød and Allerød/YD transitional phases. 

These trends are similarly echoed in the number of tools against excavation size (Fig. 3.22). 
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(Fig 3.21: Total assemblage size against excavation size for each climatic phase) 

(Fig 3.22: Number of tools against excavation size in each of the climatic phases) 
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The above analyses focused on the total numbers of artefacts, but is there a relationship 

between the percentage of tools and their hunting and domestic components and excavation 

size? One might expect that in larger excavations the percentage of tools might decrease as 

the number of blanks and cores increase in comparison to smaller assemblages. Fig 3.23 

shows the percentage of tools in the total assemblage against excavation size. It is clear there 

is no obvious relationship, with a possible slight decline in the percentage of tools in larger 

excavations. The correlation is very weak (R = 0.089) and thus no evidence appears for 

excavation size driving the percentage tools in the total assemblage.  

(Fig 3.23: Percentage tools in the total assemblage against excavation size. R = 0.089; p = 
7.765E-10) 

 

The evidence from hunting tools (Figs 3.24, 3.25) shows there is a possible, weak trend of 

decreasing numbers of hunting tools with increasing excavation size. Lower percentages of 

hunting tools might be expected at larger sites which are often accepted as “domestic” sites 

in which one would expect less hunting activity. However, the correlation between the two 

variables are weak (R = 0.336 and 0.251 respectively) and there is no significantly strong 

evidence excavation size drives the percentage of hunting tools within an assemblage. 

The evidence from the percentage of domestic tools in the total assemblage (Figs 3.26) shows 

a possible weak trend of increasing numbers of domestic tools with increasing excavation 
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size, which one might expect as larger sites are associated with domestic camps, and thus 

would be expected to contain higher percentages of domestic tools. This appears to be more 

pronounced when looking at the percentage of domestic tools in the tool assemblage (Fig 

3.27). However, again, there is a very weak correlation between the two variables in both sets 

of analyses (R = 0.035 and 0.204 respectively) suggesting there is no strong evidence there is 

a significant relationship between the percentage of domestic tools within an assemblage and 

excavation size.  

 

 (Fig 3.24: Percentage hunting tools in the total assemblage against excavation size. R = 
0.336; p = 1.761E-12) 
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(Fig 3.25: Percentage hunting tools in the tool assemblage against excavation size. R = 0.251; 

p = 1.412E-17) 

 

 (Fig 3.26: Percentage domestic tools in the total assemblage against excavation size. R = 
0.035; p = 1.298E-05) 
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(Fig 3.27: Percentage domestic tools in the tool assemblage against excavation size. R = 

0.204; p = 7.229E-33) 

 

Does this change when looking at the individual climatic phases? The individual phases show 

slight differences in their distributions to that of the whole dataset. The percentage of tools 

(Fig 3.28) appear to have a slight negative, although weak, correlation in the Allerød, 

Allerød/YD (to a greater extent), YD, and YD/PB, while the PB has a weak positive correlation. 

This potentially indicates that there is a difference in the PB sample with a slight increase in 

the percentage of tools in the total assemblage, with increasing excavation size, rather than 

the decreases seen in the other periods. Overall, it appears there is no significant evidence 

any of the climatic phases are strongly influenced by excavation size. Interestingly, there 

might be a change that one could argue represents a shift in hunter-gatherer behaviour in the 

PB sample. 

The percentage of hunting tools in the total assemblage (Fig 3.29) all appear to have a slight 

negative correlation in each climatic phase, with the Allerød displaying the most pronounced 

decrease in percentage tools to excavation size. Again, these correlations are very weak and 

provide no significant evidence that excavation size drives the percentage of hunting tools in 

the total assemblage. This pattern remains largely similar in the percentage of hunting tools 

in the tool assemblage (Fig 3.30) for the Allerød, YD, and PB. However, the transitional phases 
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appear to show the opposite behaviour with notably positive correlations, possibly indicting 

a change in hunter-gatherer behaviour. Again, these correlations are very weak and provide 

no evidence of a strong relationship between these two variables. 

The percentage of domestic tools in the total assemblage (Fig 3.31) display no real changes in 

the percentage of domestic tools and the size of the excavation in the Allerød and YD samples. 

However, there is a notable positive correlation in the PB with increasing percentages of 

domestic tools with excavation size, and negative correlations in the transitional phases. 

These correlations are again very weak and do not provide any evidence that there is a strong 

relationship between these variables. It is interesting to note the positive correlation in the 

PB, which may tentatively hint at a possible change in hunter-gatherer behaviour, along with 

the transitional phases (however, the transitional phases have a notably low sample size). 

These patterns show a number of changes when compared with the percentage of domestic 

tools in the tool assemblage against the excavation size (Fig 3.32). The Allerød appears to have 

a distinct positive correlation which is even more pronounced in the PB. However, the YD 

shows no real change in the percentage of domestic tools with excavation size at all. The 

Allerød/YD transition has a distinctly negative correlation while the YD/PB transition has a 

slight positive correlation. Once again, all these correlations are very weak and provide no 

strong evidence that excavation size strongly influences the percentage of domestic tools in 

assemblages.  
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(Fig 3.28: Percentage tools in the total assemblage against excavation size for each climatic 
period)  

 
(Fig 3.29: Percentage hunting tools in the total assemblage against excavation size for each 
climatic period)
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(Fig 3.30: Percentage hunting tools in the tool assemblage against excavation size for each 
climatic period) 

(Fig 3.31: Percentage domestic tools in the total assemblage against excavation size for each 
climatic period) 
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(Fig 3.32: Percentage domestic tools in the tool assemblage against excavation size for each 
climatic period) 

 

3.3b - Altitude 

It would be expected, that as altitude increases, the number of tools and domestic tools would 

decrease if the assumption is made that sites at higher altitude tend to be logistical/special 

task orientated camps, and thus would have a lower proportion of domestic tools. Conversely, 

the opposite might be expected with hunting tools, with increasing numbers as altitude 

increases, representing a higher proportion of hunting camps (at least within a more logistical 

strategy). It can be seen from Fig 3.33 there is a slight general trend of decreasing total 

assemblage size as altitude increases, loosely following the expectations. However, this trend 

has a very weak correlation (R = 0.124) and provides no strong evidence altitude is driving the 

total number of artefacts in an assemblage. 
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(Fig 3.33: Total assemblage size against altitude for the whole dataset. R = 0.124; p = 4.569E-77) 

(Fig 3.34: Tool assemblage size against altitude for the whole dataset. R = 0.037; p = 1.169E-51) 
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A similar trend is observed in the number of tools and in the domestic tool component (Figs 

3.34, 3.36). These trends have even weaker correlations than the total assemblage size (R = 

0.037 and 0.310 respectively) and no evidence for a strong relationship between the number 

of tools and the domestic tool component and altitude. This further reinforces the evidence 

from the total assemblage size. Of possible interest is that hunting tools against altitude (Fig 

3.35) displays a more distinct negative trend. This is unexpected, as hunting sites are often 

associated with upland territories, which afford good views across the landscape. However, 

again, this trend is weakly correlated (R = 0.119) and provides no strong evidence the number 

of hunting tools is significantly driven by altitude. 

 

(Fig 3.35: Hunting tool assemblage size against altitude for the whole dataset. R = 0.147; p = 
2.259E-32) 
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(Fig 3.36: Domestic tool assemblage size against altitude for the whole dataset. R = 0.009; p 

= 4.287E-44)  

 

These results show no significantly strong evidence suggesting the numbers of tools, and their 

hunting and domestic components, are driven by altitude. There appears to be a possible, 

general, trend in lower numbers of tools and their domestic components with increasing 

altitude, which one might expect, but this trend also appears to be more pronounced in the 

hunting tool component, which is unexpected. In terms of this study, these results suggest 

any biases in the location of excavations, which may be controlled by the recent explosion in 

rescue archaeology, would not appear to have any significant effect on the numbers of tools 

found in an assemblage. However, the lack of any strong relationship also highlights the 

possibility of an interesting trend (or lack of) in significant differences in the numbers of 

hunting tools and domestic tools with altitude, which one might expect, especially in more 

logistically mobile populations. In fact, the evidence from the hunting tools might tentatively 

suggest hunting tools decrease in number to a higher degree as altitude increases.  

This is the case when the whole dataset is analysed, but are there any significant changes 

seen in each climatic phase? The correlations for each of the phases are very weak, and show 

no strong evidence that altitude affects the number of artefacts in an assemblage in any one 

phase.  However, there may be some potentially interesting patterns in both the total 

assemblage size and number of tools scatters (Figs 3.37, 3.38). The total assemblage size 
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against altitude scatter (Fig 3.37) shows the Allerød and Allerød/YD transition show a more 

distinct negative correlation of decreasing numbers in the number of artefacts as altitude 

increases, while the YD displays no differences in the number of artefacts with increasing 

altitude, and the YD/PB transition and PB displaying a more positive correlation with slightly 

greater numbers of artefacts with increasing altitude. These patterns are similar for the 

Allerød, YD, and PB in the tools against altitude scatter, with the PB displaying a more distinct 

positive correlation, while the transitional phases are reversed with a positive correlation in 

the Allerød/YD transition and a negative correlation in the YD/PB transition. These patterns 

may tentatively suggest there is a gradual reversal of a negative trend in numbers of artefacts 

with increasing altitude in the Allerød, to a flat trend where there is no difference in the 

numbers of artefacts with increasing altitude, finally to a slightly positive trend of increasing 

artefacts with increasing altitude in the PB. There is a variable picture with the transitional 

phases seen in the number of tools hinting at brief changes in behaviour. However, this may 

be an effect of the notably small sample size for these phases. 

 

 

(Fig 3.37: Total assemblage size against altitude for each climatic phase)  
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(Fig 3.38: Tools against altitude for each climatic phase) 

The above analyses focused on the total numbers of artefacts, but is there a relationship 

between the percentage of tools and their hunting and domestic components and altitude? 

One might, expect as altitude increases, the percentage of tools would increase as a result of 

increasing numbers of special task camps, which are associated with having larger tool 

components. This is partly supported when looking at the scatters for the percentage of tools 

in the total assemblage (Figs 3.39). However, the positive correlation is very weak and does 

not provide any evidence for a strong relationship between theses variables. The percentage 

of hunting tools would also be expected to increase with increasing altitude, which is 

somewhat supported when looking at the scatter for percentage of hunting tools in the total 

assemblage (Fig 3.40), but the opposite appears to be the case when looking at the 

percentage hunting tools in the tool assemblage (Fig 3.41), there being a slight negative 

correlation. Similarly, these correlations are very weak and these trends offer no strong 

evidence that altitude drives the percentage of hunting tools in an assemblage. However, the 

negative correlation seen in the percentage hunting tools in the tool assemblage might hint 

at unexpected behavioural patterns in terms of hunting tools in an assemblage. As for 

domestic tools, there are similarities with the percentage of tools and hunting tools in the 
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total assemblage, which is unexpected. One might expect, higher altitude sites would be more 

frequently devoted to hunting activities with higher percentages of hunting tools. However, 

it appears this may not be the case as there is a distinct positive correlation in both the 

percentage of domestic tools in the total assemblage (Fig 3.42) and in the tool assemblage 

(Fig 3.43). Again, these correlations are very weak, suggesting there is no strong evidence 

altitude notably influences the percentage of domestic tools in an assemblage. 

 

(Fig 3.39: Percentage of tools in the total assemblage against altitude. R = 0.126; p = <0.001)  
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(Fig 3.40: Percentage of hunting tools in the total assemblage against altitude. R = 0.063; p = <0.001)   

 
(Fig 3.41: Percentage of hunting tools in the tool assemblage against altitude. R = 0.080; p = <0.001)  
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(Fig 3.42: Percentage of domestic tools in the total assemblage against altitude. R = 0.112; p = <0.001)  

 
(Fig 3.43: Percentage of domestic tools in the tool assemblage against altitude. R = 0.094; p = <0.001)  
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When looking at the individual climatic phases, the evidence from the percentage tools 

suggest there is a more complicated picture (Fig 3.44). The Allerød displays a weak positive 

correlation, while the YD shows a weak negative correlation, and the PB has a weak, positive 

correlation. The Allerød/YD and YD/PB transitions have a weak positive, and weak negative 

correlation respectively. The percentage of hunting tools in the total assemblage (Fig 3.45) 

again display weak correlations, which increase with altitude in the Allerød, decreases in the 

YD, and increases again in the PB. Both the transitional phases have a weak negative 

correlation. However, the percentage hunting tools in the tool assemblage display different 

trends (Fig 3.46). The Allerød again has a weak positive correlation, but the YD also shows a 

weak positive correlation, while the PB displays a weak negative correlation. The transitional 

phase again displays a weak negative correlation. 

The percentage of domestic tools in the total assemblage (Fig 3.47), shows the Allerød and 

PB have weak positive correlations with altitude, while the YD has a weak negative 

correlation. The Allerød/YD has a weak positive correlation and the YD/PB has a weak 

negative correlation. When looking at the percentage of domestic tools in the tool 

assemblage (Fig 3.48) the Allerød and YD both have weak negative correlations with altitude, 

while the PB has a weak positive correlation. The Allerød/YD transition has a weak negative 

correlation and the YD/PB shows no change in the percentage of domestic tools with 

increasing altitude. 

When comparing the percentage hunting tools to the percentage domestic tools we find, in 

the total assemblage, the Allerød and PB show a weak positive correlation for both hunting 

and domestic tools, hinting there may be a pattern of increasing percentages of both 

components with altitude in the total assemblage. The YD shows a negative correlation for 

both hunting and domestic tools, tentatively suggesting there is a decrease in both these 

components with increasing altitude in the total assemblage. Does this show a possible 

change in behaviour during the YD? 

When comparing the percentage hunting tools with the percentage domestic tools in the tool 

assemblage there is a different pattern. The Allerød and YD both display a positive correlation 

in the percentage of hunting tools and a negative correlation in the percentage of domestic 

tools in the tool assemblage. The PB displays a positive correlation for both the percentage of 

hunting and domestic tools in the tool assemblage. Does this show a potential difference in 
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behaviour during the PB? However, as all the correlations from the above graphs are very 

weak, there is no strong evidence to argue altitude has any influence on the percentage of 

tools and their hunting and domestic components. Any interpretations made from these 

scatters are purely hypothetical and cannot be supported statistically. 

 
(Fig 3.44: Percentage of tools in the total assemblage against altitude for each climatic phase)  
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(Fig 3.45: Percentage of hunting tools in the total assemblage against altitude for each 

climatic phase)  

 
(Fig 3.46: Percentage of hunting tools in the tool assemblage against altitude for each 

climatic phase)  
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(Fig 3.47: Percentage of domestic tools in the total assemblage against altitude for each 
climatic phase) 

 
(Fig 3.48: Percentage of domestic tools in the tool assemblage against altitude for each 

climatic phase) 

 



 

126 
 

Overall, there is no strong, statistical, evidence there is any relationship between the location 

in the landscape of sites (in terms of altitude) and the number and percentage composition 

of artefacts. This might be surprising as one might expect there to be distinct differences in 

composition of sites from lowlands to uplands, especially if there was a distinct logistical 

strategy employed. Despite this lack of strong evidence for hunter-gatherer behavioural 

change, it can be said any biases in the choice of excavation location will have little effect on 

the results of this study. 

3.4 - Conclusions 

In conclusion, it can be said that most assemblages are from excavations carried out from 

1950 onward, most notably in the 1980’s and 1990’s. This provides a strong level of 

confidence in any results produced from this study as the vast majority of sites were 

excavated from excavations that are widely considered to be more informed in terms of 

excavation techniques, recording, and publication. However, there are disparities within each 

individual period, which may cause some problems. The Allerød and PB phases both have the 

largest proportions of assemblages from sites excavated post-1980 in their respective 

periods, while in the YD the majority of reported assemblages are from excavations between 

1940 and 1980. This means the YD has a larger component of less modern excavations, which 

one could argue causes a mismatch for direct comparison in terms of excavation techniques. 

This is an issue which cannot be resolved, but must be taken into account when interpreting 

results. 

Importantly, it was found there is no strong evidence suggesting the total number of artefacts 

and the percentage of tools, blanks, and cores, are significantly affected by excavation date. 

Therefore, there is confidence that excavation date should not drive the results of analysis. 

Larger excavations seem to be carried out in the 1950’s, while a larger number of smaller sites 

appear to be carried out post-1990. This is probably a result of a focus on rescue archaeology 

in more recent times. However, there is no strong correlation in trends in the size of 

excavations and excavation date, and should not pose a problem for analysis. 

When looking at site types, the majority of lithic assemblages, excavated pre-1940, are from 

caves. This bias is in contrast to more modern excavations in which the vast majority of lithic 

assemblages, excavated post-1950, are from open-air sites. This may be due to; the greater 
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interest in smaller, less impressive sites in modern research; the fact that rescue excavations 

have been increasingly more frequent in recent years; and possibly due to the fact that many 

of the cave sites that contain lithic assemblages have already been found and excavated in 

the late 1800’s and early 1900’s and overlooked and/or not recorded, leaving few known 

pristine caves with intact lithic assemblages left to study. The assumption is the earlier 

excavations were not as thorough and professional as modern excavations and did not record 

artefacts as reliably. It was found, the majority of earlier excavations did not record waste 

material, and it is also assumed that blanks would have been less important to record. 

However, the total number of lithic artefacts do not appear to change significantly in cave 

sites from the late 1800’s and early 1900’s to those from more recent cave excavations, 

suggesting that cave sites have a particular lithic composition in which waste material is 

naturally low at cave sites. Perhaps the fact that lithic waste material is rarely reported in 

early excavations may be due to the majority of excavated sites that contain lithic 

assemblages being cave sites, which lack significant quantities of manufacturing debris. There 

is also another anomaly, in that, the majority of cave sites with lithic assemblages are from 

the UK and Belgium. It is unclear if this is a research tradition bias, the nature of the geology 

of these regions, where caves are more abundant, or different behavioural patterns in hunter-

gatherer populations. 

The B/T, B/C, and T/C ratios form an important part of the methodology in which to analyse 

changes in tool assemblage composition. Consequently, it was felt prudent to test if there 

was any effect on excavation date on these artefact ratios. The assumption would be that 

earlier excavators did not find artefacts such as blanks and cores important to record, and 

focussed mainly on tools. If this assumption is correct, then one would expect, the B/T, B/C, 

and T/C ratios to be significantly affected by excavation dates. However, this appears not to 

be the case, with no strong correlations between any of these variables. However, there is a 

weak correlation between the B/T ratio and excavation date which might raise some concern, 

and thus it has been decided to eliminate sites excavated pre-1960 in order to minimise any 

errors this may cause. 

Site size/excavation area was also recognised as a potential source of error, but there is only 

a weak positive correlation with the total number of artefacts that does not provide strong 

evidence site size/excavation area should significantly drive results. This is the same for both 
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the number and percentage of tools, hunting tools, and domestic tools, which also show weak 

correlations. This is a surprising result as it was expected larger sites would have a significantly 

larger number of domestic tools, indicating larger residential bases, while smaller sites would 

have a larger number of hunting tools representing small, short-term hunting camps. This 

does not appear to be the case. 

Similar results were found between altitude and numbers and percentages of tools, hunting 

tools, and domestic tools. It was expected, with increasing altitude, there should be increasing 

numbers of hunting tools and decreasing numbers of domestic tools. This would represent an 

increase in special task, hunting camps at higher elevations. This again appears not to be the 

case in northwest Europe. 

When testing the relationships between excavation date, site size/excavation area, and 

altitude, there appears to be no strong and significant trends between any of the proposed 

variables, which may drive the results of this study. There is a potential problem with the 

representation of cave sites and open-air sites, which appear to be biased to the research 

culture of the time (i.e. cave sites in the early 1900’s, open-air sites in the 1990’s-2000’s), but 

this is not a problem that can be resolved within this study, and it is considered not to be a 

major source of error. Overall, it is considered that the data collected in this study is robust 

enough to confidently state that there is minimal interference from external factors not 

related to hunter-gatherer behaviour that will influence the results presented in the following 

chapters. The next chapter will present the results of the analysis for the northwest European 

dataset. 
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Chapter 4: Northwest Data Analysis 
 

Chapter 1 described the climatic changes that occurred during the Pleistocene/Holocene 

Transition, and Chapter 2 described theoretical models of hunter-gatherer mobility, and set 

out predictions based on these theoretical models. Lithic assemblage data was then collected 

from two regions in Western Europe; a main north-western European dataset and a smaller 

southern European dataset for comparison (see Appendix 2). These datasets were critically 

examined in Chapter 3 in order to assess the reliability of the data and attempt to minimise 

potential sources of error. This chapter will now present the results of the analysis of the 

north-western European dataset. Potential tool assemblage indicators were identified in 

Chapter 2 in order to monitor possible changes in mobility. However, not all were suitable for 

this analysis due to the constraints of the data. The suitable indicators for this study are set 

out in Table 4.1, while the definitions of tool classes used in this study are presented in 

Appendix 1 pg. 305 (Glossary of Tool Definitions). 

This chapter will present the results of the analyses set out in Table 4.1. Firstly, the individual 

indicators, for each climatic phase, will be assessed and statistically compared in order to 

observe the general level of residential/logistical mobility employed during the Allerød, YD, 

and PB. These results will be presented within key topics relating to hunter-gatherer mobility, 

discussed in Chapter 2: tool diversity, tool expediency, and raw material use. Secondly, a new 

set of theoretical tool assemblage characteristics for base camps and special task camps will 

be proposed and checked against each assemblage within each database. It is hoped this will 

give an idea as to the numbers of base camps and special task camps in each climatic period, 

thus further helping to ascertain the levels of residential and logistical mobility. 
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 Indicator Method of Analysis  Logistical Residential 

Diversity  Richness NTAXA Lower Higher 

Evenness  Simpson’s Index Lower Higher 

Complexity  Percentage of microliths  Higher Lower 

Artefact density Artefacts per m2 Higher Lower 

Site/excavation size Lower Higher 

Expediency  Proportion of formal 

and expedient tools 

 

 

 

Tool maintenance  

 

Raw material economy 

Blank to tool ratio Higher Lower 

Blank to core ratio Higher Lower 

Percentage of utilised and 

retouched blanks 

Higher Lower 

Percentage of chips Lower Higher 

Tool to core ratio Lower Higher 

Raw Materials  Proportion of local vs 

non-local materials 

Data on raw material 

provenance  

Local Non-local 

Site distance from 

materials  

Blank to tool ratio Higher Lower 

Blank to core ratio Lower Higher 

(Table 4.1: Expected indicators for changes in mobility and methods of analysis) 

 

4.1 - Tool Diversity Indicators 

In order to compare and contrast the level of diversity within the tool assemblages from each 

climatic phase, the mean values of each variable were calculated for each period and then 

compared statistically firstly using Kruskal-Wallis test followed by post-hoc tests using the 

Mann-Whitney U test, and Dunn’s test with Bonferroni correction. Statistical analysis was 

carried out using R. 

Within this study, diversity is referred to as the interrelationship between richness (NTAXA) 

and evenness. An assemblage with a high richness may be unevenly represented by certain 

tool types and thus, would be less diverse than a rich assemblage that was evenly 

represented. Due to this a “diverse” or “generalised” assemblage would be classified here as 

having a high richness and a high evenness. In contrast, a less diverse or specialist assemblage 

would have a low richness and a low level of evenness. 
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It is expected a more logistical strategy would display, on average, a more specialised tool 

assemblage, representing a higher number of special task camps, with lower evenness values. 

Richness is complicated by the tool groupings in this study. It is generally accepted richness 

should be higher in a logistical strategy, representing a greater number of specialised hunting 

tools for a greater number of specialised tasks. However, it is considered here that 

distinguishing between different functions of hunting tools is too subjective (at least from the 

available data, which generally lacks information on hafting). As such, there are only two tool 

types considered to be “hunting tools” in this study; points and microliths. Thus, a purely 

hunting based camp would appear to have low richness with a maximum of two tool types. 

With this in mind, it might be expected, on average, richness values should be lower in more 

logistically mobile populations. 

Density of artefacts within an assemblage/excavation area is expected to be, on average, 

higher in logistically mobile populations, representing a higher number of special task camps 

with fewer total number of artefacts, but distributed within a much smaller area than a larger 

base/residential camp. Base/residential camps are expected to have a greater number of total 

artefacts, but these artefacts would be distributed over a much larger area. To give an 

example, a residential site with 10,000 artefacts distributed over an area of 500m2 would be 

considered a large site with a density of 20 artefacts per m2, while a hunting camp with 200 

artefacts distributed over an area of 5m2 would be considered to be a small site but have a 

density of 40 artefacts per m2.  

The number of tool components is again assumed to be indicated by the percentage of 

microliths within the assemblage. 

 

4.1a - Analysis of Richness (NTAXA) 

A Note on Richness 

Before continuing with the analysis, one issue became apparent regarding diversity. The 

definitions of diversity set out in Chapter 2 rely on the principle that specialist hunting toolkits 

comprise multiple projectile points, each with specialist functions. Hence, less mobile 

populations operating in a more logistical system are seen to have a higher richness in their 
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toolkits. This is a logical conclusion when tool function can be definitively recognised. 

However, in prehistoric contexts, this is difficult to apply and is not always possible and is 

accentuated by the fact that published reports rarely provide the required information on 

hafting of the projectile points, which could provide a more reliable identification of specialist 

functions of certain projectile types. Due to this, a decision was made to classify all projectiles 

into two simple categories “points” and “microliths” in order to eliminate the subjectivity of 

assuming morphologically/culturally different points having different functions, which is not 

always the case. This classification then changes the expected richness in logistical systems. 

Instead of having a higher diversity, one would expect, on average, a lower diversity, 

especially in hunting camps which may contain little else but points. This is only expected to 

affect the richness values as evenness calculates the spread of tools in an assemblage. It is 

expected there would still be a lower level of evenness in logistically mobile populations 

representing the dominance of hunting tools in hunting camps.  

Another problem is the issue of assuming all logistical camps are hunting camps, while 

specialist “domestic” camps being largely ignored in the literature. 

The calculations of the richness values, used here, are borrowed from biological ecology with 

NTAXA representing the numbers of individual lithic tools rather than the number of different 

faunal species. The results of the mean number of tool types in each climatic phase follows: 
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Results 

Table 4.2 shows the results of the mean number of lithic tool types (NTAXA) in assemblages 

from each climatic phase and their transitions. 

 
µ n σ σ2 

Whole Dataset 7.475 245 2.394 5.730 

Allerød 7.444 79 1.948 3.795 

Allerød/YD 6.387 21 3.377 11.403 

YD 6.847 45 1.744 3.041 

YD/PB 7.134 30 1.499 2.247 

PB 8.270 70 2.313 5.349 

(Table 4.2: Comparison of the weighted mean values of richness (NTAXA) for each climatic 
phase and their transitions) 

 

As with each set of data, statistical analyses were preformed using R, using the Kruskal-Wallis 

rank sum test, Man-Whitney U test, and Dunn’s test (with Bonferroni correction) and are 

presented in A3.1 in Appendix 3. 

Analysis 

When comparing the mean values of the NTAXA (number of tool types), no statistically 

significant differences between any of the climatic periods were found (Kruskal-Wallis rank 

sum test: (H(2) = 2.046, df = 2, p-value = 0.360), suggesting the number of tool types do not 

change significantly from the Allerød to the YD, the YD to the PB, and between the Allerød 

and PB. This might be unexpected as if there are shifts to more logistically (specialist) or 

residentially (generalist) mobile groups one would expect a change in the number of different 

tool types: an increase in tool types into more logistically mobile populations and a decrease 

into more residentially mobile populations. However, there is one flaw in the data recorded 

here, in that there are only two tool types recognised as hunting tools (points and microliths). 

These groupings were defined as such, in this study, to minimise the subjectivity of defining 

different morphological point types to different functions with the information made 

available in a large proportion of publications from which the data was collected. Therefore, 

these results might not be expected to be significant as it is more likely all the basic tool 
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classifications were present in every period. However, one could argue, assuming the tool 

classifications defined here, in more logistical populations there should be a lower level of 

richness, representing the increased presence of hunting camps with less domestic tool types. 

If this is assumed, there is a suggestion this may be the case during the YD, which has the 

lowest mean richness values. This might tentatively suggest a shift to a more logistical strategy 

during the YD compared with the Allerød and PB. However, the PB has a notably higher 

variance, which might suggest a distinctly greater variation in the number of tool types from 

site to site. This would be expected in a more logistical system where less tool types are 

expected in special task camps and more tool types in base camps. In contrast, one would 

expect, in a residential system, there would be less variation from one site to the next. 

 

4.1b - Analysis of Evenness 

Simpson Index Calculations 

Analysis 

The lowest possible Simpson Index value is 1, which would represent the total dominance of 

the assemblage by a single tool type. Therefore, the larger the value the greater the level of 

evenness of the assemblage. The Simpson Index lays greater emphasis on the evenness 

component and on the dominant [cover] types (Nagendra 2002). The results are presented in 

Table 4.3 and Fig 4.2, and statistics presented in A3.2 in Appendix 3. 

 
µ n σ σ2 

Whole Dataset 3.859 244 2.452 6.013 

Allerød 4.869 78 3.526 12.430 

Allerød/YD 3.380 21 1.815 3.293 

YD 3.191 45 1.357 1.841 

YD/PB 3.664 30 1.875 3.517 

PB 3.441 70 1.338 1.790 

(Table 4.3: Comparison of the mean values of evenness (Simpson Index) for each climatic 
phase and their transitions) 
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(Fig 4.2: Box plots of the Simpson Index data presented in table 4.3, showing the mean (x), 
and including data point distribution) 

 

There was found to be a significant relationship between the periods (Kruskal-Wallis rank sum 

test: (H(2) = 13.332, df = 2, p-value = 0.001) with the mean values of the Simpson Index 

showing significant differences between the Allerød and the YD (p=0.001) and the Allerød and 

PB (p=0.005). There is a large, significant, decrease in the mean Simpson Index values from 

the Allerød to the YD but the PB mean values are much smaller than the Allerød, which 

suggests there was not as a significant return to the same levels of the Allerød. This is 

somewhat surprising as it would be assumed the interstadial periods would have roughly 

similar values. This suggests there was a distinct and significant decrease in evenness during 

the YD from the Allerød which indicates a more specialised, and likely logistical mobility 

strategy, was employed during the YD. However, there is no evidence for a return to a more 

even level of evenness from the YD to the PB, which suggests there was no change to a more 

residentially mobile system during the PB.  

These results provide strong evidence of a shift to a more logistical system during the YD that 

might be related to climate change. However, there is no significant difference in evenness 

between the YD and PB, indicating there was no increase in levels of residential behaviour 
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during the PB as would be expected. As the Allerød and PB are both warm interstadial periods, 

one would expect these periods to have similar characteristics in their tool assemblages. This 

might be a result of the documented, unstable, climatic conditions of the PB preventing the 

same level of residential mobility adopted in the Allerød and extending the YD strategies into 

the Holocene. 

However, there is a distinctly larger variance in the Allerød dataset, suggesting there was a 

distinctly greater variation in evenness between assemblages. This might be expected in a 

more logistical strategy with special task camps having lower levels of evenness and base 

camps having higher levels of evenness. In a residential system, one might expect the 

variation from site to site would be low. 

 

4.1c - Analysis of Density 

The assemblages from the YD generally appear to have a lower level of richness and evenness, 

indicating a more logistical system was in place during this period, compared with the Allerød 

and PB (and especially the Allerød). This generally seems to correlate with the climatic 

changes in and out of the YD, although the PB may prove to be more complex. Thus, if this 

interpretation is assumed to be true, then the density of assemblages should on average be 

higher during the YD, reflecting the greater number of small special task camps and fewer, 

large, base camps. With the information available, only two measures for density were found 

to be suitable; Artefacts per m2 and the total number of artefacts within an assemblage. 

Total Number of Artefacts per m2 

Analysis 

Here the total number of artefacts are represented by the combined total number of blanks, 

tools, and core in assemblages. This is due to the fact the reporting of chips, waste, and debris 

is highly variable and thus an unreliable measure. Hence, from now on, when the total 

number of artefacts or total assemblage is discussed, it refers to the combined total of blanks, 

tools, and cores. The results are presented in Table 4.4 and statistics presented in A3.3 in 

Appendix 3. 
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µ n σ σ2 

Whole Dataset 44.124 147 127.224 16185.898 

Allerød 20.620 45 36.526 1334.179 

Allerød/YD 25.199 14 40.069 1605.516 

YD 64.391 31 126.895 16102.322 

YD/PB 27.455 16 54.469 2966.904 

PB 67.565 41 205.330 42160.274 

(Table 4.4: Mean density (per m2) in the total assemblage for the whole dataset and each 
climatic phase) 

Results 

There appears to be a large increase in the mean density of artefacts per m2 between the 

Allerød and the YD with the PB having a similar mean density to the YD. However, this dataset 

provides no evidence these differences are significant between any of the periods (Kruskal-

Wallis rank sum test: (H(2) = 2.163, df = 2, p-value = 0.339). This is most likely due to the large 

standard deviations and variances of the YD and PB. The higher densities of the YD and PB 

assemblages may tentatively suggest populations during these periods practised a greater 

level of logistical mobility compared with those during the Allerød, although no firm 

interpretations can be made. Interestingly, the PB has a slightly higher mean density than the 

YD, indicating the warmer conditions of this period did not facilitate a return to sites with a 

similar mean density as the Allerød. This would indicate, if we assume these differences are 

real, they are not strongly related to climate change, or, again, the unstable conditions of the 

PB had a significantly different effect on human population’s mobility. 

It could be argued the larger standard deviations and variances of the YD and PB suggest a 

much larger variation in site types with different intensities of occupation. This might indicate 

a more logistical system with base camps with lower densities, and logistical camps with 

higher densities, during the YD and PB. Thus, this may indicate populations during the Allerød 

may have practised a more residential strategy with distinctly less variation in artefact density 

from site to site. 
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Total Number of Artefacts  

The mean densities per m2 of the YD and PB appear to be much larger than the Allerød 

(although not statistically significant). Suggesting the YD and PB had greater levels of logistical 

behaviour. The diversity data also suggests the YD and PB have greater levels of specialisation, 

indicating a more logistically mobile system, compared with the Allerød. However, the YD 

shows the greater levels of specialisation of the three periods. If these trends continue, one 

would also predict there should be a greater number of total artefacts during the Allerød, and 

possibly the PB, representing a greater number of larger sites that would be expected in more 

residentially mobile populations. Conversely, one would predict a lower total number of 

artefacts during the YD representing a greater number of smaller, logistical camps than larger 

base camps. The results are shown in Table 4.5 and Fig 4.3, and statistics presented in A3.4 in 

Appendix 3. 

Analysis 

 
µ n σ σ2 

Whole Dataset 2038.286 248 3668.293 13456374.640 

Allerød 1581.922 77 2666.936 7112545.994 

Allerød/YD 2033.950 20 6826.284 46598149.520 

YD 1950.633 49 2723.366 7416721.279 

YD/PB 2015.576 33 3909.458 15283862.880 

PB 2621.928 69 3859.262 14893904.070 

(Table 4.5: Mean number of total artefacts for the whole dataset and each climatic phase) 
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(Fig 4.3: Box plots of the total artefact data presented in Table 4.5, showing the mean (x), 
and including data point distribution) 

Results 

The results indicate there is a statistically significant relationship in the total number of 

artefacts (Kruskal-Wallis rank sum test: (H(2) = 7.640, df = 2, p-value = 0.022), with the PB 

having a significantly larger mean number of lithic artefacts than the Allerød (p=0.004). 

However, there is no significant difference found between the Allerød and YD. This might 

suggest there was a lower level of mobility practised during the PB, compared with the 

Allerød. This dataset might indicate there was a continued increase in the numbers of blanks, 

tools, and cores from the Allerød, through to the PB, which might suggest an increase in the 

number of larger sites through time and thus an increase in residential mobility. However, the 

PB again has an extremely large standard deviation and variance, which might suggest a large 

variation in site types/size/densities. 

4.1d - Analysis of the Percentage of Microliths 

The level of complexity is hard to quantify from this dataset. Information on hafting 

techniques were not widely available. Hence, it was decided to use the number of microliths 

as an indicator as this tool type shares many of the expected characteristics of a component 

of a more complex tool manufacturing strategy. Assuming higher numbers of microliths can 

be equated with higher levels of tool complexity, and from the general trend of the results, if 
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a more logistical strategy was employed during the YD one would predict a higher percentage 

of microliths during the YD representing a higher level of complexity. 

It was decided to produce two sets of results, one from the percentage of microliths in the 

total assemblage (Table 4.6, with statistics presented in A3.5 in Appendix 3), and one from 

the percentage of microliths in the tool assemblage (Table 4.7, with statistics presented in 

A3.6 in Appendix 3). 

Analysis 

Total Assemblage 

 
µ n σ σ2 

Whole Dataset 0.556 248 1.109 1.229 

Allerød 0.044 77 0.128 0.016 

Allerød/YD 0.017 20 0.130 0.017 

YD 0.336 49 0.707 0.500 

YD/PB 0.141 33 0.645 0.417 

PB 1.291 69 1.460 2.132 

(Table 4.6: Weighted mean percentage of microliths in the total assemblage for the whole 
dataset and each climatic phase) 

 

In Tool Assemblage 

 
µ n σ σ2 

Whole Dataset 10.573 261 21.051 443.130 

Allerød 0.296 82 0.766 0.587 

Allerød/YD 31.182 24 36.060 1300.310 

YD 5.016 46 8.782 77.120 

YD/PB 1.721 34 5.938 35.256 

PB 14.825 75 18.918 357.894 

(Table 4.7: Weighted mean percentage of microliths in the tool assemblage for the whole 
dataset and each climatic phase) 
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Again, the Allerød/YD period includes the site of Camp d’Auvours, which is not representative 

of the sample. If this site is excluded the mean is 0.133, standard deviation is 0.827, and 

variance is 0.684, which is again more in line with the results of the Allerød. 

Results 

The results of the percentage of microliths in the total assemblage and tool assemblage both 

show a significant relationship (Kruskal-Wallis rank sum test: (H(2) = 56.341, df = 2, p-value = 

<0.00001; and H(2) = 64.822, df = 2, p-value = <0.00001) with a continued significant increase 

from each period from the Allerød, to the YD (p=0.0002; p=<0.00001), and to the YD to the 

PB (p=0.0002; p=0.001). The percentage is notably much greater during the PB. If microliths 

are assumed to be a measure of complexity, then the YD has an increased level of complexity 

compared with the Allerød, while the PB has a distinctly higher level of complexity compared 

with the YD and Allerød. This indicates there is a continually increasing level of logistical 

mobility, with the PB having a much higher level of logistical behaviour. This seems unlikely 

when looking at all the above analyses. Perhaps microliths are a poor indicator for 

complexity? This trend also suggests the level of complexity/percentage of microliths is not 

related to climate change, rather another factor, most likely cultural change. 

4.2 - Tool Expediency and Raw Material Indicators  

Using the definitions of expediency set out in Chapter 2, it is expected less mobile populations 

within a logistical settlement system would show greater characteristics of an expedient 

manufacturing strategy (i.e. a greater proportion of quickly manufactured, more disposable, 

tools), while more mobile populations within a residential settlement system would show 

greater characteristics of a formal manufacturing strategy (i.e. a greater proportion of 

curated, formalised tools). Using only data obtained from the inventories of lithic 

assemblages, the most likely indicators of levels of expediency/formality would be the B/T 

and B/C ratios, along with the percentage of retouched and utilised blanks in an assemblage. 

If these predictions are accepted, then a more expedient manufacturing strategy might be 

expected to have: 
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1) A higher blank to tool ratio, possibly indicating a greater importance on producing 

blanks over tools, which in turn may indicate the possible preference of using blanks 

as tools. 

2) A higher blank to core ratio, possibly indicating a greater number of blanks struck from 

cores that were likely utilised without extensive formal modification.  

3) A higher percentage of retouched/utilised blanks, indicating the greater use of 

unmodified blanks for tasks. 

Conversely, a more formal manufacturing strategy might be expected to have: 

1) A lower blank to tool ratio, possibly indicating a greater importance on producing 

formalised tools from blank production. 

2) A lower blank to core ratio, possibly indicating a greater number of blanks struck from 

cores being modified into more formalised tools. 

3) A lower percentage of retouched/utilised blanks, indicating the lesser importance of 

using/manufacturing of unmodified blanks to be utilised in tasks. 

A Note on the Total Lithic Assemblage to Retouched Tool Ratio 

As there is an uneven reporting of chips and waste flakes in excavation publications and 

reports (which is especially more pronounced in older excavations) the total lithic artefacts 

for this ratio will exclude chips and waste materials from the total. This effectively gives a 

combined total of the blanks, tools, and cores. As tools are a major component of this sum, 

and cores usually having low numbers and having little influence on the total lithic 

assemblage, this ratio is nearly identical to the blank to tool ratio (which includes utilised and 

retouched blanks in the tool total). Hence, the total lithic assemblage to retouched tool ratio 

will not be included. Instead only the blank to tool ratio will be considered as a possible 

measure of expediency in this study.  

 

Tool Expediency 

The ratios are expressed in decimal form, while the numbers of utilised and retouched blanks 

(URB) are expressed as a percentage. The B/T and B/C ratios will be considered first, followed 

by the percentage of URT. 
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4.2a - Analysis of the Blank to Tool Ratio 

Results 

Table 4.8 and Fig 4.4 show the mean values for the B/T ratios for the whole dataset and each 

of the climatic phases and their transitions. The B/T ratio has been shown in Chapter 3 to be 

influenced by the date of excavation and so only assemblages excavated post-1960 have been 

included in this analysis. A further decision was made to include two sets of data, one with 

only assemblages with known excavation dates, and one which includes assemblages with 

unknown excavation dates. This action was taken in order to increase the sample size, while 

providing a more cautionary dataset for comparison. As it can be seen, there is little difference 

in the mean values for the whole dataset, the Allerød, the YD, and the PB between the two 

sets of data, but there is a notable difference in the Allerød/YD transition. However, as the 

transitional assemblages cannot be assigned to a definitive period, this data will be excluded 

from analysis but included in tables and diagrams. Thus, when reporting statistical data, the 

data from the larger dataset (including sites with unknown excavation dates) will be quoted 

in the text. 

 
 

µ (Including 
Unknown 

Excavation 
Dates) 

n σ σ2 µ (Excluding 
Unknown 

Excavation 
Dates) 

n σ σ2 

Whole Dataset 13.289 195 18.141 329.091 13.842 175 18.952 359.174 

Allerød 8.179 58 6.555 42.967 8.584 45 6.661 44.372 

Allerød/YD 24.427 17 47.269 2234.374 30.095 13 53.104 2820.083 

YD 16.814 28 14.922 222.680 16.814 28 14.922 222.680 

YD/PB 19.517 29 17.677 312.492 20.039 26 18.530 343.373 

PB 10.554 63 9.259 85.728 10.532 62 9.333 87.101 

(Table 4.8: Mean B/T ratio for the whole dataset and each climatic phase including and 
excluding sites with unknown excavation dates) 
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(Fig 4.4: Box plots of the B/T ratio data presented in table 4.8, showing the mean (x), and 
including data point distribution for the assemblages from unknown excavation dates) 

 

Analysis 

It can be seen there is a significant relationship between the B/T ratios (Kruskal-Wallis rank 

sum test: (H(2) = 8.092, df = 2, p-value = 0.018) with an increase in the B/T ratio from the 

Allerød into the YD with a (p=0.002) (see statistics presented in A3.7 and A3.8 in Appendix 3). 

This indicates the mean values of B/T ratios in the YD sample are much higher than that of 

the Allerød, suggesting there is a significant increase in production of unmodified blanks 

during the YD, and may indicate a more expedient manufacturing strategy was being 

employed during this period. This then returns to a lesser value into the PB, which is also 

significant (p=0.042), suggesting there was a return to a more formalised manufacturing 

strategy, with less focus on the production of unmodified blanks during the PB. The mean 

values between the Allerød and PB show no significant difference, which one might expect 

from two interstadial phases with warmer conditions. This indicates there was a significant 

change to a greater level of logistical mobility during the YD compared with the Allerød and 

PD. There is also a distinctly greater variance in the YD sample, which indicates there was a 

greater variation in the B/T ratio between sites. This supports that a more logistical strategy 

was employed during this period, and as there is a significant change into and out of the YD 
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but no significant change from the Allerød to the PB, strongly suggesting this change in the 

B/T ratio may be climate driven.  

Graphical Comparisons of Blanks against Tools 

Scatter plots were also produced in order to ascertain if there are any notable outliers and 

groupings, which may further show changes in mobility strategies. Outliers may highlight 

potentially unique site types, while groupings may highlight sites used for different functions, 

such as, special task camps and base camps. 

There is a clear positive correlation within the whole dataset (Fig 4.5 and 4.6) and within each 

climate phase and their transitions (Fig 4.7 and 4.8) which strongly suggest, as the number of 

blanks increase at a site, the number of tools also increase. This is expected as there is a logical 

link between the larger assemblages containing greater numbers of tools. There are two 

distinct outliers within the dataset, one is the site of Zolder, Site 1, dating to the Allerød/YD 

transition, which appears to be from a relatively intact sequence which was systematically 

excavated. This would imply this site is a real anomaly and may represent a special site type 

with a particularly high number of tools. However, as the Allerød/YD transitional sites are only 

included for interest, they are not subjected to analysis and does not factor in the 

comparisons of the climatic phases.  
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(Fig 4.5: Numbers of blanks to tools in the whole dataset, excluding pre-1960 data and 
including sites with unknown excavation dates) 

(Fig 4.6: Numbers of blanks to tools in the whole dataset, excluding pre-1960 data and sites 
with unknown excavation dates) 
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(Fig 4.7: The number of blanks against tools from each climatic phase of this study excluding 
pre-1960 data and zero points, but including sites with unknown excavation dates)  

(Fig 4.8: The number of blanks against tools from each climatic phase of this study excluding 
pre-1960 data and zero points, and sites with unknown excavation dates) 
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Numbers of Hunting and Domestic Tools 

(Fig 4.9: The numbers of hunting tools and domestic tools in each assemblage in the Allerød 
sample) 

(Fig 4.10: The numbers of hunting tools and domestic tools in each assemblage in the YD 
sample) 

(Fig 4.11: The numbers of hunting tools and domestic tools in each assemblage in the PB 
sample) 
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It can be seen from Figs 4.9 to 4.11 the assemblages with larger numbers of blanks and tools 

contain the largest numbers of hunting and domestic tools, which one would expect. The 

Allerød appears to have a higher proportion of domestic tool dominated sites when compared 

with the YD and PB which both appear to have a larger proportion of sites with smaller 

domestic tool components and larger hunting tool components. This might suggest hunting 

becomes more important during the YD and PB, and suggests a potential shift to logistical 

mobility during these phases. 

 

4.2b - Analysis of the Blank to Core Ratio 

Results 

The mean B/T ratio values show a distinct and significant increase during the YD, which 

suggests a potentially higher level of expediency seemingly related to the changing climate. 

Hence, it would be expected the B/C ratio would display a similar trend if this is true. Table 

4.9 and Fig 4.12 show the mean values for the blank to core ratios for the whole dataset and 

each of the climatic phases and their transitions. Statistical analyses are presented in A3.9 in 

Appendix 3. 

 
µ n σ σ2 

Whole Dataset 57.437 201 87.006 7570.052 

Allerød 36.288 54 35.321 1247.579 

Allerød/YD 56.716 15 52.378 2743.416 

YD 107.821 40 160.556 25778.171 

YD/PB 54.806 30 64.846 4204.986 

PB 44.799 62 48.985 2399.568 

(Table 4.9: Mean B/C ratio for the whole dataset and each climatic phase) 
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(Fig 4.12: Box plots of the B/C ratio data presented in Table 4.9, showing the mean (x), and 
including data point distribution) 

 

Analysis 

There was a significant relationship found between the periods (Kruskal-Wallis rank sum test: 

(H(2) = 8.231, df = 2, p-value = 0.016). It can be seen there is a large, significant, difference 

between the mean values of the YD and the Allerød (p=0.008), and the PB (p=0.024). This 

value is much higher than that of the Allerød and over the PB. The Allerød and PB, meanwhile, 

have comparable mean values with no statistical significance, suggesting there is a significant 

change in the numbers of blanks per core during the YD Stadial and not between the Allerød 

and PB interstadials. This might indicate a more wasteful, expedient, manufacturing strategy 

during the YD, where there was less importance on manufacturing formal tools from blanks. 

In contrast, during the Allerød and PB, there are far less blanks per core, suggesting there was 

more of an emphasis on manufacturing blanks into formal tools. This indicates there was a 

significantly greater level of logistical mobility during the YD compared with the Allerød and 

PB. Again, there is a distinctly higher variance during the YD, which again strongly supports 

that a logistical strategy was employed during this period. Once more, this is a potentially 

important result as there is a significant change into and out of the YD but no change from 

the Allerød to the PB, suggesting the B/C ratio may also be climate driven.  
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Graphical Comparisons of Blanks against Cores 

When comparing the numbers of blanks and cores graphically, it can be seen, for the whole 

dataset (Fig 4.13), there is again a positive correlation similar to that seen in the B/T dataset. 

This suggests the numbers of cores generally increase as the number of blanks increase. This 

is an expected trend, as logically one would expect a greater number of blanks would be 

struck from a greater number of cores. When observing the individual climatic phases (Fig 

4.14), it can be seen this positive trend is present in the Allerød, YD, and PB climatic phases, 

along with transitional data. There are no distinct outliers within the dataset, although the 

large site of Stoksbjerg Bro is clearly in the Allerød/YD transitional stage. 

(Fig 4.13: Blanks against cores for the entire dataset) 

0

2

4

6

8

10

12

0 1 2 3 4 5 6 7

Ln
 B

la
n

ks

Ln Cores

Whole Dataset: Blanks vs Cores



 

152 
 

 

(Fig 4.14: Blanks against cores for each climatic period and transitional phase) 

Numbers of Hunting and Domestic Tools 

(Fig 4.15: The numbers of hunting tools and domestic tools in each assemblage in the 
Allerød sample)
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(Fig 4.16: The numbers of hunting tools and domestic tools in each assemblage in the YD 
sample)

(Fig 4.17: The numbers of hunting tools and domestic tools in each assemblage in the PB 
sample) 

It can be seen from Figs 4.15 to 4.17 that again there is a correlation, with the assemblages 

with the highest number of blanks and cores having the largest numbers of hunting and 

domestic tools. Again, it is shown there is a much higher proportion of assemblages with a 

larger domestic tool component during the Allerød than when compared with the YD and PB. 

This would be expected as once again blanks are one of the variables. 

4.2c - Analysis of the Percentage of Retouched and Utilised Blanks 

The above B/T and B/C ratio analyses strongly suggest a much higher, and statistically 

significant, increase in expediency during the YD. With this being the case, it would be 

expected the YD would also have a significantly higher percentage of URB’s representing the 

more intensive use of unmodified blanks. It was decided two sets of analyses should be 
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carried out (one for the percentage in the total assemblage and one for the percentage in the 

tool assemblage) in order to see if there are notable differences in the percentage 

composition. 

In Total Assemblage 

Results 

Table 4.10 shows the mean values for the percentage of URB in the total assemblage for the 

whole dataset and each of the climatic phases and their transitions, with statistics presented 

in A3.10 in Appendix 3. 

 
µ n σ σ2 

Whole Dataset 2.939 180 3.794 14.393 

Allerød 3.165 52 3.862 14.915 

Allerød/YD 2.203 13 3.265 10.659 

YD 1.551 32 1.371 1.879 

YD/PB 1.193 23 1.430 2.046 

PB 3.809 60 4.449 19.792 

(Table 4.10: Comparison of the weighted mean percentages of utilised and retouched blanks 
in the total assemblage of each climatic phase and their transitions) 

 

Analysis 

There was found to be a significant relationship between the periods (Kruskal-Wallis rank sum 

test: (H(2) = 6.745, df = 2, p-value = 0.034), and when observing the mean percentage of 

retouched and utilised blanks in the total assemblage, one can see the YD has a significantly 

lower mean value than the Allerød (p=0.013) and PB (p=0.031), while there is no significant 

difference between the means of the Allerød and PB interstadials. This strongly suggests there 

is a significant decrease in the numbers of URB in the total assemblage during the YD and 

indicates there is an increase in the level of mobility during the YD, and a lower level of 

mobility in the Allerød and PB. The distinctly lower variance of the YD further supports this, 

as one would expect little variation from site to site in a residential strategy, while it would 

be expected there would be a large variation between base camps (with a higher number of 

retouched blanks) and special task camps (with a lower number of retouched blanks and a 
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higher number of formalised tools) in a logistical system. This is at odds with the results from 

the B/T and B/C ratios and may call into question the suitability of one or both of these 

analyses. Despite this, the observed change would also appear to be related to climate change 

with the Allerød and PB showing no significant difference in the percentage of URB’s. 

 

In Tool Assemblage 

Results 

Table 4.11 shows the mean values for the percentage of URB in the tool assemblage for the 

whole dataset and each of the climatic phases and their transitions, with the statistical 

analyses presented in A3.11 in Appendix 3. 

 
µ n σ σ2 

Whole Dataset 23.964 193 18.479 341.484 

Allerød 22.791 56 16.312 266.082 

Allerød/YD 9.438 16 8.138 66.233 

YD 18.267 32 12.414 154.098 

YD/PB 15.934 24 8.470 71.738 

PB 33.882 65 20.340 413.721 

(Table 4.11: Comparison of the weighted mean percentages of utilised and retouched blanks 
in the tool assemblage of each climatic phase and their transitions) 

 

Analysis 

In this set of data only a near statistical relationship was found between periods (Kruskal-

Wallis rank sum test: (H(2) = 5.363, df = 2, p-value = 0.068). When observing the mean 

percentage of URB within the tool assemblage, one can see there is only a significant 

difference in mean values from the YD and PB (p= 0.019). There is a relatively subtle increase 

in the number of URB’s in the PB, suggesting there was a small shift to a lower level of mobility 

during the PB from the YD. However, there is no observable significant difference in the mean 

values from the Allerød and YD and the Allerød and PB. However, the finding that there were 

no significant differences between the Allerød and YD might indicate the change detected 
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from the YD to the PB is not climate related. There is again a notably lower variance in the YD 

sample, but not to the same degree as in the total assemblage. 

Summary of the Percentage of Utilised and Retouched Blanks 

Overall, the evidence from this set of analyses seems to indicate there was a decrease in the 

percentages of URB’s during the YD, which can be interpreted as an increase in more 

residentially mobile behaviour, and is at odds with the results from the B/T and B/C ratios.  

However, it is likely the reporting of URB’s is variable, with the majority of publications 

quoting only retouched blanks, if at all. It is also highly likely utilised blanks have gone largely 

unreported or have at least been under reported, which is unsurprising considering the 

difficulties in recognising use-wear damage on blanks. With this in mind, it is considered this 

result might be an anomaly caused by this potential flaw in analysis, but will not be discarded 

as it is felt to do so might be a biased elimination of unexpected results. 

4.2d - Summary of Expediency Analysis 

It can be seen there appears to be a significant increase in both the B/T and B/C ratios during 

the YD compared with the Allerød and PB, which suggests there was a distinct increase in 

expedient tool manufacture by YD populations, which is no doubt related to the deterioration 

in climatic conditions during this period, as there appears to be no significant difference in 

either ratio between the Allerød and PB. This behaviour is associated with less mobile 

populations within a logistically mobile system. This result would suggest the percentage of 

URB’s would also be significantly higher during the YD, representing an increase in unmodified 

blanks being utilised as tools. However, this appears not to be the case, as there are 

significantly lower percentages of URB’s during the YD. There are two possibilities to explain 

this outcome. Firstly, the BT and B/C ratios are not suitable to determine levels of expediency 

and thus wrongly suggest here a more expedient strategy was employed when in fact there 

was not; or secondly, the percentage of URB’s are not suitable to determine levels of 

expediency. The latter seems unlikely as an expedient strategy should have a higher 

percentage of URB’s. However, there is a significant flaw in the URB data. This tool type is 

often difficult to recognise within an assemblage, especially in the case of utilised blanks, 

which are determined by scratches on the surface of blanks. Also, the reporting of URB’s are 

highly variable, with very few excavations devoting a lot of attention to finding and identifying 
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these tool types, while many recording them if they happen to be recognised and collected, 

and some simply not collecting and recording them at all. This is particularly pronounced with 

utilised blanks, which are rarely collected and reported due to the difficulty in recognising 

manmade scratches from post-deposition scratches. Due to this likely flaw with the URB data, 

it is concluded from this set of analyses, populations during the YD practised a distinctly higher 

level of expedient tool manufacture, indicating a shift to a more logistical mobility strategy, 

most likely in response to the climatic deterioration during this period.  

A note on Maintenance and Analysis of Percentage of Chips and Small Debris 

Chips have been proved to be unreliably reported and have been excluded from this analysis, 

as they are thought to be unable to provide sufficiently reliable results. 

4.2e - Raw Material Procurement Analysis 

The evidence from the diversity and expediency analyses suggests there was an increase in 

specialisation and expediency during the YD that could be argued to be linked to climate 

change. If these indications are correct, then one would expect the provenance of raw 

materials would be from more local sources during the YD, compared with that of the Allerød 

and PB, reflecting a decreased level of mobility expected in a more logistical strategy.  

Analysis 

Detailed information on raw material procurement was not reliably reported in many of the 

published reports. Consequently, to maximise the sample size, a simple classification of 

“predominately local” and “predominately non-local” was applied to the data, as this was the 

most commonly reported information. Importantly, it should be noted this classification is 

extremely subjective to each publication and its research history/culture in the country of 

origin along with the geology of the region a site is located. Fig 4.18 shows the proportions of 

local and non-local raw materials from each of the climatic phases and their transitions, while 

Table 4.12 presents the percentages of sites with predominately local and predominantly 

non-local raw materials. 
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(Fig 4.18: The numbers of assemblages with predominantly local or predominantly non-local 
raw materials for each climatic phase and their respective transitions) 

 

 Percentage Local 

Raw Materials 

n Percentage Non-

Local Raw Materials 

n Total 

Percentage 

n 

Whole Dataset 82 98 18 22 100 120 

Allerød 77 30 23 9 100 39 

Allerød/YD 100 7 0 0 100 7 

YD 75 9 25 3 100 12 

YD/PB 75 15 25 5 100 20 

PB 88 37 12 5 100 42 

(Table 4.12: Percentage of sites with predominately local and predominately non-local raw 
material sources) 

 

Results 

This dataset potentially indicates the PB has a distinctly higher percentage of sites with the 

predominant raw materials being procured locally (88%; n = 42) with the YD having the lowest 

percentage (75%; n = 12) and the Allerød having (77%; n = 39). The YD has a notably low 

sample size, which make direct comparisons difficult. However, the YD shows no distinct 

difference in the percentage of sites with predominately local raw materials from that of the 

Allerød. Therefore, one could potentially see a distinct increase in the procurement of raw 
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materials from local sources during the PB, indicating a decrease in mobility, possibly related 

to an increase in logistical mobility strategies. 

 

4.2f – Analysis of the Tool to Core Ratio 

Analysis 

The mean values of the T/C ratios are summarised in Table 4.13, and statistics presented in 

A3.12 in Appendix 3. 

 
µ n σ σ2 

Whole Dataset 6.805 209 8.910 79.384 

Allerød 6.494 58 7.714 59.505 

Allerød/YD 4.523 18 4.542 20.633 

YD 9.400 39 13.446 180.784 

YD/PB 4.881 30 5.614 31.515 

PB 6.426 63 6.892 47.498 

(Table 4.13: Mean T/C ratio for the whole dataset and each climatic phase) 

There is no statistically significant evidence of any changes in the T/C ratio from period to 

period (Kruskal-Wallis rank sum test: (H(2) = 1.765, df = 2, p-value = 0.414). However, the YD 

appears to have a distinctly higher mean value, which suggests a greater level of raw material 

economy, indicating a higher level of residential mobility was practised by populations during 

this period. However, the variance of this sample is also distinctly higher than the Allerød and 

PB, which indicates a greater level of variation in T/C ratios between sites, and thus a greater 

level of logistical mobility. 



 

160 
 

(Fig 4.19: Box plots of the T/C ratio data presented in table 4.13, showing the mean (x), and 
including data point distribution) 

 

Graphical Comparisons of Blanks against Tools 

Scatter plots were also produced in order to ascertain if there are any notable outliers and 

groupings, which may further show changes in mobility strategies. Outliers may highlight 

potentially unique site types, while groupings may highlight sites used for different functions, 

such as, special task camps and base camps. 

There is a clear positive correlation within the whole dataset (Fig 4.20) and within each 

climate phase and their transitions (Fig 4.21) which strongly suggest, as the number of tools 

increase at a site, the number of cores also increase. This is expected as there is a logical link 

between the larger assemblages containing greater numbers of tools. However, there are six 

distinct outliers belonging to the sites of Éragny-sur-Epte and Olknitz dating to the Allerød; 

Hintersee, dating to the Allerød/YD transition; Hoogkerk and Notre-Dame-de-l'Isle dating to 

the YD; and Wawcott XII dating to the YD/PB. All of these sites appear to have been reliably 

excavated and thus appear to be actual anomalies that may represent unique 

behaviours/functions at these sites. Olknitz having a distinctly higher number of tools 

compared with cores and the remaining five having distinctly low numbers of tools compared 

with cores. 
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(Fig 4.20: Tools against cores for the whole dataset) 

 

(Fig 4.21: Tools against cores for each climatic period and transitional phase) 
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Numbers of Hunting and Domestic Tools 

(Fig 4.22: The numbers of hunting tools and domestic tools in each assemblage in the 
Allerød sample) 

(Fig 4.23: The numbers of hunting tools and domestic tools in each assemblage in the YD 
sample) 

(Fig 4.24: The numbers of hunting tools and domestic tools in each assemblage in the PB 
sample) 
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Once again its can be seen the assemblages with the largest numbers of tools and cores have 

the highest numbers of hunting and domestic tools (Figs 4.22 to 4.24). Again, this shows the 

Allerød has a much higher proportion of assemblages with larger domestic tool components 

than hunting tool components when compared with the YD and PB. In fact, the PB appears to 

have a much higher proportion of assemblages with larger hunting tool components than 

domestic tool components than the YD. This suggests there was a continued rise in the 

importance of hunting from the Allerød through into the PB. 

Results 

The comparison of the mean values for the T/C ratio shows no significant differences between 

any of the climatic periods, suggesting that the T/C ratio does not change significantly from 

period to period. However, it is notable the YD (n = 39, µ = 9.400, σ = 13.446) has a higher 

mean value compared with the Allerød (n = 58, µ = 6.494, σ = 7.714) and PB (n = 63, µ = 6.426, 

σ = 6.892). This might tentatively suggest there is a potential change to a higher T/C ratio 

during the YD, and might suggest a potentially greater level of economy with less cores 

utilised for a higher number of formal tools, but as no significant difference is found this 

interpretation must be viewed with caution.  

One interesting result to note is the YD has a notably higher standard deviation and variance 

compared with the Allerød and PB possibly indicating a larger variance in site size, and 

possibly site types and functions. 

 

4.3 - Site Type Analysis 

In order to understand what impact the results of the analysis has in terms of mobility 

changes, we must determine the proportions of base camps, and special task camps in each 

climatic period. Tables 4.14 and 4.15 show the expected characteristics of base camps and 

special task camps in order to attempt to classify each site in this study as either a base camp 

or a special task camp (both hunting and non-hunting). This, of course, has an element of 

subjectivity and creates a binary system, where a site is either one or the other, and which 

may over simplify what is a complex set of factors. However, from the data available it is 
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believed a good, general, idea of site type can be achieved and allows a possible valuable 

insight into hunter-gatherer mobility in different climatic phases.  

 

Base Camps    

 Incidence Archaeological Indicator 

Number of blanks High Percentage of blanks 

Number of 

chips/maintenance products 

High Number of chips and/or flakes 

Tool production products High Percentage of tool production products 

Number of cores High Percentage of cores 

Number of domestic tools High Scrapers, borers, burins etc. 

Number of hunting tools Low/Medium Points, Microliths 

Size of site Large Site size in m2 

Density of artefacts Low Density of artefacts in m2, possibly total 

number of artefacts 

Richness High NTAXA 

Evenness High Simpson Index values 

(Table 4.14: Characteristics of lithic assemblages in hunter-gatherer base camps seen both 
in logistically and residentially mobile populations) 
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Special Task Camps 

 Incidence Archaeological Indicator 

Number of blanks Low Percentage of blanks 

Number of 

chips/maintenance products 

Low Percentage of chips and/or flakes 

Tool production products Low Percentage of tool production products 

Number of cores Low Percentage of cores 

Number of domestic tools Low Scrapers, borers, burins etc. 

Number of hunting tools High Points, Microliths 

Size of site Small Site size in m2 

Density of artefacts High Density of artefacts in m2, possibly total 

number of artefacts 

Richness Low NTAXA 

Evenness Low Simpson Index values 

(Table 4.15: Characteristics of lithic assemblages in hunter-gatherer special task camps seen 
only in logistically mobile populations) 

 

Table 4.16 sets out a list of expectations as to what values are considered high, medium, and 

low for each indicator. These values were obtained from considering the average values for 

each indicator for the whole dataset. If an assemblage meets the criteria of over 4 out of 8 

indicators of either a special task camp or a base camp site type, then it is classified as that 

site type. 

However, an important modification was made to this set of expectations. It was decided 

special task camps were too highly dependent on hunting camps, ignoring potentially 

specialist sites for activities such as raw material collection or food processing, which would 

be expected to have little or no hunting tools present. Hence, if an assemblage shows most 

of the characteristics of a special task camp but with a high/medium number of domestic tools 

and a few hunting tools, the evenness values will be the deciding factor in its classification. If 

there is a dominance of domestic tools with a low level of evenness, this will be considered a 

non-hunting special task camp. 
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Indicator High Medium Low 

Blanks >85% 75-85% <75 

Cores >4% 3-4% <3% 

Hunting Tools >30 15-30% <15% 

Domestic Tools >75% 65-75% <65% 

Area >100m2 50-100m2 <50m2 

Density >20 per m2 10-20 per m2 <10 per m2 

Simpson Index Value >6 3-6 <3 

(Table 4.16: Table of expected values for high, medium, low levels of each indicator) 

Table 4.17 shows the results when these expectations are applied to the database for the 

northwest European sample. 

 No. Base 
Camps 

% Base 
Camps 

No. Special 
Task Camps 

% Special 
Task Camps 

n Total % 
Total 

Whole Dataset 90 47.12 101 52.88 191 100 

Allerød 45 58.44 32 41.56 77 40.31 

YD 13 28.89 32 71.11 45 23.56 

PB 32 46.38 37 53.62 69 36.13 

(Table 4.17: Number and percentage of base camps and special task camps recognised using 
the parameters set out in Tables 4.14 and 4.15 for the whole database and each climatic 
phase) 

 

These results appear to show the YD has distinctly fewer numbers of base camps and a 

distinctly greater number of special task camps compared with the Allerød and PB. This 

suggests populations during the YD practised a higher level of logistical mobility with fewer, 

possibly longer occupied, base camps represented in this sample and a large number of 

logistical special task camps. 

To further understand if these differences are significant, Table 4.18, sets out the 

expectations of expediency for base camps in a residential strategy, base camps in a logistical 

strategy, and special task camps (which for the purposes of this set of analysis are assumed 

to be only found in logistically mobile populations). 
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Characteristics 
of Lithic 

Assemblage 

High 
Mobility 

Archaeological 
Indicator 

Low 
Mobility 

Archaeological 
Indicator 

Special 
Task 

Camps 

Archaeological 
Indicator 

Proportion of 

formal tools 

High Low B/T Ratio 

Low B/C Ratio 

Low High B/T Ratio 

Low B/C Ratio 

High Low B/T Ratio 

Low B/C Ratio 

Proportion of 

formal tools 

showing facial 

thinning 

High  High % of tools 

with facial 

thinning 

Low Low % of tools 

with facial 

thinning 

? ? 

T/C ratio High High T/C Ratio Low Low T/C Ratio High High T/C Ratio 

Percentage of 

prepared 

platforms 

High High % of 

prepared 

platforms 

Low Low % of 

prepared 

platforms 

High High % of 

prepared 

platforms 

(Table 4.18: Characteristics of expediency in high and low mobility hunter-gatherer 
populations and in special task camps) 

 

If we accept, from the results in Table 4.17, populations during the Allerød and PB practised 

a more residentially mobile strategy, and populations during the YD practised a more 

logistically mobile strategy, then we would expect (from the expectations set out in Table 

4.14) the Allerød and PB to have base camps with a lower B/T, and B/C ratio, and a higher T/C 

ratio than base camps during the YD. The next section will look at the differences between 

the Allerød and PB base and special task camps and the YD base and special task camps. 

 

4.3a - Base Camps 

If sites can be classified as base camps, then their compositions would be expected to change 

if mobility changes with the change in climate into the YD. Base camps in a logistical system 

should have a distinct range of values representing a more expedient strategy with larger base 

camps, which are occupied for longer periods and moved less frequently than with a more 

residential system. Table 4.19 shows the results of the comparisons of the mean B/T, B/C, and 

T/C ratios for the assemblages designated as base camps between the Allerød, YD, and PB, 

with the statistical analysis presented in A3.13-A3.15 in Appendix 3. 
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 Allerød Base Camps YD Base Camps PB Base Camps 

Indicator n µ σ σ2 n µ σ σ2 n µ σ σ2 

B/T Ratio 43 8.356 5.897 34.778 13 14.253 10.402 108.251 32 9.457 10.049 100.977 

B/C Ratio 38 34.997 36.163 1307.758 13 93.991 83.567 6978.391 29 44.668 52.195 2724.358 

T/C Ratio 40 6.123 6.692 5.727 13 6.967 5.468 29.901 29 6.340 6.008 36.001 

(Table 4.19:  Mean B/T, B/C, and T/C ratios for the assemblages classed as base camps for 
each climatic phase) 

 

The results of the mean B/T and B/C values, potentially show there is a statistically significant 

difference between the YD, and the Allerød and PB. Both the B/T and B/C values are 

significantly higher than during the interstadial periods (p=0.014; p=0.001 and p=0.0008; 

p=0.008), suggesting base camps during the YD were much more expedient than during the 

Allerød and PB, which one would expect from the previous analyses in this study. However, 

there is no significant difference observed between the T/C values of any of the periods 

suggesting the relationship between tools and cores remain similar within base camps from 

different strategies.  

 

4.3b - Special Task Camps 

If these sites are classified as logistical camps, then their compositions would not be expected 

to be significantly different from each other between each climate phase, as one would 

expect a special task camp to retain similar characteristics, whatever the level of residential 

or logistical mobility is being practised. Tables 4.20 show the results of the comparisons of 

the mean B/T, B/C, and T/C ratios for the assemblages designated as special task camps 

between the Allerød, YD, and PB, with the statistical analyses presented in A3.16-A3.18 in 

Appendix 3. 
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 Allerød Special Task Camps YD Special Task Camps PB Special Task Camps 

Indicator n µ σ σ2 n µ σ σ2 n µ σ σ2 

B/T Ratio 29 7.303 8.052 64.832 30 14.463 14.737 217.180 36 10.463 7.910 62.582 

B/C Ratio 19 53.036 41.378 1712.147 30 108.791 179.179 32105.140 35 48.468 51.243 2625.823 

T/C Ratio 20 10.670 12.288 150.988 31 10.226 14.734 217.096 36 6.560 7.977 63.639 

(Table 4.20:  Mean B/T, B/C, and T/C ratios for the assemblages classed as special task 
camps for each climatic phase) 

 

The results of the mean B/C and T/C values show there are no significant differences between 

any of the periods, supporting their characterisation as special task camps, although the YD 

appears to have a much higher B/C ratio, over double the size of the Allerød and PB. However, 

the results of the mean B/T ratios are inconclusive, with the values being significantly lower 

in the Allerød compared with the YD (p=0.02) and significantly lower in the Allerød compared 

with the PB (p=0.0005). This might suggest the B/T ratio is variable in special task camps in 

different mobility systems, or possibly cast doubt on the special task camp designations. If we 

assume the former, it might be considered likely that more expedient tool manufacturing 

strategies, usually associated with base camps in a logistical system, could have occurred 

during the YD, and perhaps have extended to the special task camps. 

 

4.3c - Comparison of Base camps and Special Task Camps  

Now we have shown there are some potentially significant differences in line with more 

residentially mobile base camps in the Allerød and PB, and more logistically mobile base 

camps during the YD, along with the general lack of significant differences between the 

designated special task camps between any of the periods, we need to prove if there are any 

significant differences between the values of the base camps and special task camps. The 

results are presented in Tables 4.21 to 4.23, with statistics presented in A3.19-A3.21 in 

Appendix 3. 
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Allerød 

(Table 4.21:  Mean B/T, B/C, and T/C ratios for the assemblages classed as base camps and 
special task camps for the Allerød)  

 

Younger Dryas 

(Table 4.22:  Mean B/T, B/C, and T/C ratios for the assemblages classed as base camps and 
special task camps for the YD) 

 

Preboreal 

(Table 4.23:  Mean B/T, B/C, and T/C ratios for the assemblages classed as base camps and 
special task camps for the PB)  

 

There is no statistical difference between the B/T, B/C, and T/C ratio values between the 

designated base camps and special task camps in any of the climatic periods. This is somewhat 

 Allerød Base Camps Allerød Special Task Camps 

Indicator n µ σ σ2 n µ σ σ2 

B/T Ratio 43 8.356 5.897 34.778 29 7.303 8.052 64.832 

B/C Ratio 38 34.997 36.163 1307.758 19 53.036 41.378 1712.147 

T/C Ratio 40 6.123 6.692 5.727 20 10.670 12.288 150.988 

 YD Base Camps YD Special Task Camps 

Indicator n µ σ σ2 n µ σ σ2 

B/T Ratio 13 14.253 10.402 108.251 30 14.463 14.737 217.180 

B/C Ratio 13 93.991 83.567 6978.391 30 108.791 179.179 32105.140 

T/C Ratio 13 6.967 5.468 29.901 31 10.226 14.734 217.096 

 PB Base Camps PB Special Task Camps 

Indicator n µ σ σ2 n µ σ σ2 

B/T Ratio 32 9.457 10.049 100.977 36 10.463 7.910 62.582 

B/C Ratio 29 44.668 52.195 2724.358 35 48.468 51.243 2625.823 

T/C Ratio 29 6.340 6.008 36.001 36 6.560 7.977 63.639 
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unexpected as one would expect a distinct difference representing the different functions and 

sizes of these sites. In terms of evenness, there appears to be no difference in low or high 

levels of evenness and the values of these indicators. This either suggests the characteristics 

of expediency (formal and expedient tool manufacture) expected in base camps is also 

imitated in special task camps. The fact there appears to be some potentially significant 

differences in the mean values of the B/T and B/C ratios between base camps from each 

period might go some way to support this. However, it is also likely these indicators are not 

sensitive enough to pick up changes in compositions of assemblages in different site types. 

However, one might logically suggest, in an expedient strategy, with a large number of 

unmodified blanks being utilised as tools at base camps, that special task camps would also 

have a greater number of blank-tools exported to them. Likewise, in a more formal strategy 

with a higher number of tools than blanks, one might expect there would be fewer blanks at 

base camps and as a result fewer blanks would be taken offsite to specialist camps. 

One interesting result is the YD values for each indicator seem to have much higher standard 

deviations and variances, suggesting a large range of values from the mean than the Allerød 

and PB, which may hide a greater variation of site types and sizes during the YD. 

 

4.3d - Summary of Site Type Analysis 

Overall, if we accept the allocation of the site types, there were a notably lower number of 

base camps and a higher number of specialist task camps during the YD. This strongly suggests 

there was a distinctly more logistical strategy employed by populations during the YD and 

supports the generalised conclusions of the previous analyses. 

This conclusion is further supported when comparing the B/T, and B/C values of the 

designated base camps, which show there are distinctly significantly higher values during the 

YD, reinforcing their allocation to a more logistical strategy. The comparison of special task 

camps is more complex, but the fact there is not uniform, significant difference between each 

period might suggest there is less difference between special task camps from period to 

period, which would be expected due to their function. However, what is surprising is there 

are no significant differences between base camps and special task camps in each of the 

periods. This might suggest the toolkit characteristics of a certain mobility strategy extend 
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from the base camp to their special task camps. However, this could also show these 

indicators are not sensitive enough to observe differences between specific site types, and 

only suitable for observing generalised strategies.  

4.4 - Conclusion 

The results of the B/T, B/C values, richness, and evenness values, and to some degree the raw 

material analysis, all appear to generally point to a shift from more mobile populations in a 

more residential system during the Allerød to less mobile populations in a more logistical 

system during the YD, and reverting back to a more residential system during the PB. These 

results are further supported by the analysis of site types, in which there appear to be clearly 

less base camps and a greater number of special task camps during the YD, strongly pointing 

to a more logistical system during this period. However, these site type results should be 

viewed with caution as the designation of site types could be seen as highly subjective. 

Interestingly, many of the indicators point to a much more complex situation during the PB, 

although many of these indicators are flawed due to the limitations of the data that could be 

collected from the publications for this period. In most of the analyses, the PB is often 

distinctly different from the Allerød and is often the opposite of what would have been 

expected. It is the opinion here the highly variable climate of the PB brought about a very 

distinct set of characteristics which seem to be particular to this interstadial phase, possibly 

comprising a combination of the behaviours hinted at during the Allerød and the YD.  

This chapter has analysed and described the results of the north-western European dataset. 

The following Chapter 5, will instead focus on the southern European comparative dataset in 

order to determine if the expectations predicted for north-western Europe differ from that of 

the south. One would expect, due to the relatively subdued climatic response to the YD in 

southern Europe, there should be distinct differences between the two sets of data, with less 

distinct shifts in behaviour from the Allerød, to the YD, and to the PB. 
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Chapter 5: Southern Comparative Data Analysis  

The previous chapter provided an analysis of lithic assemblages of sites from north-western 

Europe to highlight the changes, if any, in composition that could be related to mobility 

change and thereby to climatic change.  

If the indicators employed in Chapter 4 do indeed provide the necessary clarity to determine 

changes in mobility, then it would be expected there would be notable differences in the 

characteristics of assemblages from the south of Europe. In the south, the climatic changes 

associated with the YD would be less pronounced and hence any changes in mobility in 

response to these changes would also be expected to be less pronounced or different from 

those of their north-western counterparts. This chapter draws on the framework of Chapter 

4 in order to determine if there are differences in lithic assemblage composition between the 

northwest and south of Europe. 

This chapter will present the results of the analyses of the mobility indicators, set out in table 

4.1 in Chapter 4, to compare and contrast the level of diversity and expediency within the tool 

assemblages from each climatic phase, the mean values of each variable were calculated for 

each period and then compared statistically firstly using Kruskal-Wallis test followed by post-

hoc tests using the Mann-Whitney U test (MW-U) and Dunn’s test with Bonferroni correction. 

Statistical analysis was carried out using R.  
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5.1 – Tool Diversity Indicators  

5.1 a – Analysis of Richness (NTAXA) 

Results 

The results of the NTAXA analysis are presented in Table 5.1, and statistics presented in A3.22 

in Appendix 3. 

 
µ  n σ σ2 

Whole Dataset 7.751 131 1.934 3.739 

Allerød 7.179 45 1.796 3.224 

YD 8.660 37 2.579 6.652 

PB 8.084 39 1.494 2.233 

(Table 5.1: Weighted mean richness (NTAXA) for the whole dataset and each climatic phase) 

Analysis 

It was found from Table 5.1 and A2.22, there is no statistically significant difference between 

the means of any of the three climate phases (Kruskal-Wallis rank sum test: (H(2) = 0.696, df 

= 2, p-value = 0.706), the values being fairly similar to each other. This suggests there was no 

discernible difference in the number of tool types between each period. However, there 

appears to be a notably larger value of richness during the YD (especially compared with the 

Allerød) which might indicate an increase in residentially mobile behaviour by populations 

during this period, but the variance of this sample is also notably higher than the Allerød and 

PB which alternatively suggests there was a greater variation of numbers of tool types during 

this period. One might expect this to be a characteristic of a more logistically mobile 

population. 

5.1b – Analysis of Evenness 

Results 

The results of the Simpson Index calculations are presented in Table 5.2 and Fig 5.1, and the 

statistical analyses presented in A3.23 in Appendix 3. The lowest possible value is 1, which 

would represent the total dominance of the assemblage by a single taxon. Therefore, again, 

the larger the value the greater the level of evenness of the assemblage. 
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µ  n σ σ2 

Whole Dataset 3.704 131 1.714 2.936 

Allerød 4.094 45 2.249 5.057 

YD 3.997 37 1.506 2.269 

PB 3.018 39 1.057 1.116 

(Table 5.2: Mean Simpson Index values for the whole dataset and each climatic phase) 

(Fig 5.1: Box plots of the Simpson Index data presented in Table 5.1, showing the mean (x), 
and including data point distribution) 

 

Analysis 

It can be seen there is a significant relationship between the periods (Kruskal-Wallis rank sum 

test: (H(2) = 9.000, df = 2, p-value = 0.011). However, no significant difference in the means 

between the Allerød and YD were found, with the values being very similar to each other. This 

suggests there was no change in the level of generalisation or specialisation through from the 

YD into the Allerød. There is a significant decrease in the mean Simpson Index values from 

the Allerød (p=0.025) and the YD (p=0.004) into the PB, indicating a distinct shift to a less 

even, more specialised mobility strategy during the PB when compared with the Late 

Palaeolithic dated assemblages. However, the Allerød displays a distinctly higher variance 
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which might suggest a higher level of logistical mobility was employed during this period, 

while the PB has the lowest variance, suggesting there was little variation in evenness 

between sites, and thus potentially providing evidence of a more residential strategy.  

5.1c – Analysis of Density 

Results 

Total Artefacts per m2 

The results of the total number of artefacts per m2 are presented in Table 5.3, and the 

statistics presented in A3.24 in Appendix 3. 

 
µ  n σ σ2 

Whole Dataset 163.670 81 290.220 84227.817 

Allerød 192.776 30 306.915 94196.831 

YD 148.378 23 343.585 118050.490 

PB 161.274 24 239.589 57402.872 

(Table 5.3: Mean density per m2 in the BCT assemblage for the whole dataset and each 

climatic phase) 

 

Summary of Results 

Overall, no significant difference is apparent between the mean densities per m2 of artefacts 

and between any of the periods (Kruskal-Wallis rank sum test: (H(2) = 2.719, df = 2, p-value = 

0.257). However, the YD appears to have a slightly smaller mean density which may indicate 

a small shift to a more residentially organised system, although the YD has a distinctly higher 

variance, which may indicate a higher level of logistical mobility. In this analysis, there is also 

a distinct, although not statistically significantly, higher mean density during the Allerød which 

may suggest populations during the Allerød practised a higher level of logistical mobility, 

supported by the higher variance.  
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Total Number of Artefacts 

Table 5.4 and Fig 5.2 present the results of the total number of artefacts, with the statistical 

analyses presented in A3.25 in Appendix 3. 

 
µ  n σ σ2 

Whole Dataset 2300.211 90 3624.332 13135785.920 

Allerød 2463.484 31 3716.148 13809756.260 

YD 1746.000 28 2693.750 7256290.296 

PB 3104.160 25 4635.903 21491600.720 

(Table 5.4: Mean total numbers of artefacts for the whole dataset and each climatic phase) 

(Fig 5.2: Box plots of the total artefact data presented in Table 5.4, showing the mean (x), 
and including data point distribution) 

 

Results 

Overall, it is clear there are no statistically significant relationships between the numbers of 

artefacts in the total assemblage between any of the periods (Kruskal-Wallis rank sum test: 

(H(2) = 0.801, df = 2, p-value = 0.670). However, the YD appears to have notably less numbers 

of artefacts compared with the Allerød and PB. This might suggest a higher number of larger 
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sites during the Allerød and PB (indicating a higher level of residential mobility), and larger 

number of smaller sites during the YD (indicating a higher level of logistical mobility). 

 

5.1d - Analysis of Percentage Microliths 

Results 

The results of the percentage microliths in the total assemblage are presented in Table 5.5 

and for in the tool assemblage in Table 5.6. Statistical analysis is presented in A3.26 and A3.27 

in Appendix 3. 

 

Total Assemblage 

 
µ  n σ σ2 

Whole Dataset 1.897 83 3.597 12.939 

Allerød 0.251 30 0.943 0.889 

YD 0.663 28 2.379 5.661 

PB 4.308 24 4.499 20.241 

(Table 5.5: Weighted mean percentage of microliths in blank, core, and tool assemblage for 
the whole dataset and each climatic) 

 

Tool Assemblage 

 
µ  n σ σ2 

Whole Dataset 14.067 126 23.672 560.386 

Allerød 1.164 45 5.731 32.847 

YD 5.176 37 10.818 117.035 

PB 35.868 43 27.630 763.441 

(Table 5.6: Weighted mean percentage of microliths in tool assemblage for the whole 
dataset and each climatic) 

 

It was found from these two sets of analyses, there is a significant relationship between the 

periods (Kruskal-Wallis rank sum test: (H(2) = 37.825, df = 2, p-value = <0.00001); and (H(2) = 



 

179 
 

30.625, df = 2, p-value = <0.00001)), with a distinct increase in the percentage of microliths 

within assemblages from the PB compared with the YD (p=<0.00001; p=<0.00001) and the 

Allerød (p=<0.00001; p=0.00001). If we accept the number of microliths indicates the level of 

complexity, this strongly suggests a much higher level of complexity during the PB, pointing 

to a higher level of logistical mobility. 

5.1d - Summary of Diversity Analysis  

In terms of diversity, it appears there is a clearly more even distribution of tool types within 

assemblages from the YD indicating a more generalist, residential strategy, and a more 

uneven distribution of tools within assemblages from the Allerød and PB indicating a more 

specialist, logistical strategy. There was little difference noted between the richness values 

between any of the periods as the values were very similar. 

There is also no strong evidence there were significant changes in the density of 

assemblages between any of the assemblages. However, the values tentatively suggest 

assemblages belonging to the Allerød had a higher number of artefacts per m2 compared 

with the YD and PB. This might indicate populations during the Allerød practised a higher 

level of logistical mobility compared with the YD and PB. The site size results, again did not 

provide any strong evidence of any significant changes between periods, but the Allerød 

potentially has a notably higher number of artefacts than the YD and PB, while the YD 

potentially has a notably lower number of artefacts than the Allerød and PB. This might 

indicate populations during the Allerød practised a higher level of residential mobility, while 

populations during the YD practised a higher level of logistical mobility.  

Finally, if we accept microliths are an indicator of complexity, it is clear populations during 

the PB show a notable, and significant, increase in complexity compared with both the 

Allerød and YD, indicating a shift to a much higher level of logistical mobility. Populations 

during the YD also display a higher level of complexity than the Allerød, but not to the same 

magnitude as the PB. This suggests there was a continued, significant increase in complexity 

from period to period, indicating an increase in logistical behaviour through time. However, 

this trend cannot be linked directly to climate change. 

Overall, the results from this set of analyses show there appears to be a greater amount of 

strong evidence suggesting populations during the YD practised a distinctly more residential 
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mobility compared with the Allerød and PB who seemed to have practised a more logistical 

mobility system. 

 

5.2 - Expediency and Raw materials 

5.2a - Analysis of the Blank to Tool Ratio 

Results 

When analysing the B/T ratio in the southern data, it was found the majority of sites were 

excavated post-1960, so it was decided there was no need to set a restriction on the data 

included. 

Table 5.7 and Fig 5.3 show the results of the mean B/T ratios for the whole dataset, the 

Allerod, YD, and PB. No transitional data is presented as the sample size of these phases were 

both too small and thus not suitable for comparison. Statistical analyses are presented in 

A3.28 in Appendix 3. 

 
µ  n σ σ2 

Whole Dataset 12.122 82 17.885 319.878 

Allerød 12.487 31 26.597 707.424 

YD 11.776 26 8.696 75.624 

PB 12.029 25 10.781 116.224 

(Table 5.7: Mean B/T ratio for the whole dataset and each climatic phase) 

 

Analysis 

There is no significant difference in the mean of the B/T ratio between any of the periods 

(Kruskal-Wallis rank sum test: (H(2) = 2.073, df = 2, p-value = 0.355). However, there is a 

decrease in the mean values during the YD, especially compared with the Allerød, tentatively 

suggesting a slight increase in mobility during this period. The YD also has a distinctly low 

variance which might support this, with little variation from site to site, which is indicative of 

a more residentially mobile strategy. In contrast, the Allerød has a distinctly higher variance 
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which supports that populations during this period were more logistically organised, while 

the PB variance seems distinctly less than the Allerød, but larger than the YD. 

(Fig 5.3: Box plots of the B/T ratio data presented in Table 5.7, showing the mean (x), and 
including data point distribution) 

 

Graphical Comparisons of Blanks against Tools 

Scatter plots were also produced in order to ascertain if there are any notable outliers and 

groupings which may further show changes in mobility strategies. Outliers may highlight 

potentially unique site types, while groupings may highlight sites used for different functions, 

such as, special task camps and base camps. 

When comparing the blanks with tools graphically it can be seen, for the whole dataset (Fig 

5.4), there is a strong, significant positive correlation. This shows, in general, the numbers of 

tools increase as the number of blanks increase. This strong correlation is also mirrored in the 

scatter plots for each of the climatic periods (Fig 5.5). There appear to be no distinct outliers. 

0

20

40

60

80

100

120

140

160

Allerod YD PB

B
/T

 R
at

io

Box Plots for B/T Ratios



 

182 
 

 
(Fig 5.4: Blanks against tools for the whole dataset) 

 

(Fig 5.5: Blanks against tool for each climatic phase) 
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Numbers of Hunting and Domestic Tools 

(Fig 5.6: The numbers of hunting tools and domestic tools in each assemblage in the Allerød 
sample) 

(Fig 5.7: The numbers of hunting tools and domestic tools in each assemblage in the YD 
sample)

(Fig 5.8: The numbers of hunting tools and domestic tools in each assemblage in the PB 
sample) 
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It can be seen from Figs 5.6 to 5.8 the assemblages with larger numbers of blanks and tools 

generally contain the largest numbers of hunting and domestic tools, which one would 

expect. In each climatic phase, there is a higher proportion of sites with larger hunting tool 

components and smaller domestic tool components, which is different from the results of the 

northwest European sample. This suggests hunting might have been of equal importance 

throughout the Pleistocene/Holocene Transition. There is evidence of notably low domestic 

tool components during the PB and during the Allerød, which one might link to higher levels 

of logistical mobility. In contrast, the YD has a more equal number of hunting and domestic 

tools, which may indicate a comparatively more residential strategy, and correlates with the 

mean B/T ratio values. However, it should be noted this difference is much less distinct than 

the shift we see in the northwest European dataset, possibly indicating the more subdued 

response many expect at lower latitudes during the YD. 

 

5.2b - Analysis of the Blank to Core Ratio 

Results 

Table 5.8 and Fig 5.9 show the mean values for the blank to core ratios for the whole dataset 

and each of the climatic phases and their transitions.  

 
µ  n σ σ2 

Whole Dataset 91.564 67 138.958 19309.314 

Allerød 52.796 22 49.328 2433.271 

YD 63.689 21 86.518 7485.366 

PB 151.493 24 201.950 40783.988 

(Table 5.8: Mean B/C ratio for the whole dataset and each climatic phase) 

 

Analysis 

There was a significant relationship found between the periods (Kruskal-Wallis rank sum test: 

(H(2) = 7.193, df = 2, p-value = 0.027), but no significant difference between the Allerød and 

YD was found. However, there is a large, significant, increase in the mean values from the YD 

to the PB (p=0.024) and a significant increase in mean values between the Allerød and PB 
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(p=0.019). This indicates populations during the PB were distinctly more logistically organised 

when compared with the Allerød and YD, which seem to have rather similar values. The PB 

also has a distinctly larger variance which further supports this interpretation, while the YD 

has a distinctly higher variance when compared with the Allerød. This potentially shows there 

was a small increase in logistical behaviour into the YD followed by a much larger shift into 

the PB. As there are no clear changes in and out of the YD and there is a significant increase 

in the B/C ratios between the Allerød and PB, there is no strong evidence any changes are 

linked directly to climate change. 

(Fig 5.9: Box plots of the B/C ratio data presented in Table 5.8, showing the mean (x), and 
including data point distribution) 

 

Graphical Comparisons of Blanks against Cores 

When comparing the blanks to cores graphically it can be seen, for the whole dataset (Fig 

5.10), there is a fairly strong, significant, positive correlation. This shows, in general, the 

numbers of cores increase as the number of blanks increase. This fairly strong correlation is 

also mirrored in the scatter plots for each of the climatic periods (Fig 5.11). There appear to 

be no distinct outliers. 
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(Fig 5.10: Blanks against cores for the whole dataset) 

 

(Fig 5.11: Blanks against cores for each climatic phase) 
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Numbers of Hunting and Domestic Tools 

(Fig 5.12: The numbers of hunting tools and domestic tools in each assemblage in the 
Allerød sample) 

(Fig 5.13: The numbers of hunting tools and domestic tools in each assemblage in the YD 
sample) 

(Fig 5.14: The numbers of hunting tools and domestic tools in each assemblage in the PB 
sample) 



 

188 
 

 

Figs 5.12 to 5.14 show again there is a correlation with the assemblages with the highest 

number of blanks and cores having the largest numbers of hunting and domestic tools. It again 

is shown hunting tools are a more important component of the tool assemblage in each 

period, more so in the Allerød and PB, and to a lesser extent in the YD. This again shows the 

potential of the human populations during the Allerød and PB practised a relatively more 

logistically mobile strategy and a more residential strategy during the YD. 

 

Analysis of Percentage of Retouched and Utilised Blanks 

Table 5.9 and 5.10 show the mean values for the percentage of retouched and utilised blanks 

for the whole dataset and each of the climatic phases and their transitions in the total 

assemblage and tool assemblage respectively. The statistical analysis can be seen in A3.31 

and A3.32 in Appendix 3. 

Total Assemblage 

Results 

 
µ  n σ σ2 

Whole Dataset 0.704 57 1.401 1.964 

Allerød 0.588 20 0.700 0.490 

YD 1.416 20 1.575 2.482 

PB 0.364 15 0.889 0.789 

(Table 5.9: Weighted mean of the percentage of retouched and utilised blanks in the total 
assemblage for the whole dataset and each climatic phase) 

 

Analysis 

There was found to be a significant relationship between the climatic periods (Kruskal-Wallis 

rank sum test: (H(2) = 11.057, df = 2, p-value = 0.004), with a significant decrease in the mean 

values from the YD to the PB (p=0.003) and a significant decrease between the Allerød and 

PB (p=0.009), suggesting populations during the PB practised a lower level of expediency 

possibly related to an increase in residential mobility when compared with both the YD and 
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the Allerød. There does appear to be an increase in the mean values during the YD when 

compared with the Allerød and PB, which might suggest an increase in expediency and an 

increase in logistical mobility within the populations of this period.  

Tool Assemblage 

Results 

 
µ  n σ σ2 

Whole Dataset 8.699 80 7.396 54.695 

Allerød 7.378 26 6.028 36.331 

YD 12.676 24 8.888 79.001 

PB 7.070 24 6.949 48.288 

(Table 5.10: Weighted mean of the percentage of retouched and utilised blanks in the tool 
assemblage for the whole dataset and each climatic phase) 

 

Analysis 

There is a near significant relationship between periods when only the tools are considered 

(Kruskal-Wallis rank sum test: (H(2) = 5.830, df = 2, p-value = 0.054), but there is a significant 

decrease in the percentage of utilised and retouched tools from the YD into the PB (p=0.020) 

suggesting a decrease in the level of expediency in populations during the PB, possibly in a 

more residentially mobile system. However, as there is no significant change from the Allerød 

to the YD and between the Allerød and PB, these changes appear not to be related directly to 

climate change. 

 

5.2d - Summary of Expediency Analysis 

There is no significantly significant difference between the B/T ratio in any of the three 

periods, which suggests there was no significant change in the level of tool expediency from 

the Allerød into the YD and through to the PB. However, the PB has a significantly higher B/C 

ratio than both the Allerød and YD, suggesting there was a dramatic shift to a more expedient 

tool manufacturing strategy during the early Holocene, but the PB also has a significantly 

lower percentage of URB’s than both the Allerød and YD, suggesting there was significantly 
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less use of expedient, unmodified blanks as tools. These inconsistent indications during the 

PB cannot be linked directly to the climate changes related to the YD. Overall, the results of 

the expediency analysis appear to show a subdued response to the YD stadial.  

5.2e - Raw Material Procurement 

 

(Fig 5.15: The numbers of assemblages with predominantly local or predominantly non-local 
raw materials for each climatic phase) 

 

Detailed information on raw material procurement was not reliably reported in many of the 

published reports. Thus, to maximise the sample size, a simple classification of 

“predominately local” and “predominately non-local” was applied to the data, as this was the 

most commonly reported information. Importantly, it should be noted this classification is 

extremely subjective to each publication and its research history/culture in the country of 

origin along with the geology of the region a site is located.  
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 Percentage Local 

Raw Materials 

n Percentage Non-Local 

Raw Materials 

n Total 

Percentage 

n 

Whole Dataset 51.163 22 48.837 21 100 43 

Allerød 40.000 6 60.000 9 100 15 

YD 44.444 4 55.556 5 100 9 

PB 63.158 12 36.842 7 100 19 

(Table 5.11:  Percentage of sites with predominately local and predominately non-local raw 
material sources) 

 

It appears, from Table 5.11 and Fig 5.15, there is a notably higher percentage of local raw 

materials during the PB with the YD having a slightly higher percentage of local raw materials 

than the Allerød. The sample sizes are quite small so interpretations must be made with 

caution, but this might indicate a small shift to a more logistical system from the Allerød to 

the YD and a much larger shift to a more logistical system from the YD to the PB. These results 

show there appears to be no relation to climate change and changes in raw material 

provenance. 

5.2f - Analysis of the Tool to Core Ratio 

Analysis 

Table 5.12 and Fig 5.16 present the results of the mean T/C ratios, with the statistical analyses 

presented in A3.33 in Appendix 3. 

 
µ  n σ σ2 

Whole Dataset 9.856 80 10.881 118.391 

Allerød 9.432 27 11.710 137.1130 

YD 6.200 24 4.442 19.735 

PB 13.276 29 12.913 166.752 

(Table 5.12: Mean T/C ratio for the whole dataset and each climatic phase) 

Results 

There was found to be a statistically significant relationship between the climatic phases 

(Kruskal-Wallis rank sum test: (H(2) = 5 8.242, df = 2, p-value = 0.016), with the PB having a 

significantly greater mean T/C ratio than the YD (p=0.004), but no statistically significant 
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difference to the Allerød. This might indicate there was a more economical use of cores, with 

fewer cores producing a greater number of tools during the PB. However, this also may be a 

consequence of more logistical sites with dedicated special task camps where there would be 

mostly tools and few or no cores present. This seems more likely when considering the 

previous results? There is also a notable, although not significant, decrease in the mean values 

from the Allerød into the YD which might suggest there was a decrease in the economical use 

of raw materials during the YD, compared with the Allerød and PB, which indicates an increase 

in more wasteful, expedient tool manufacturing strategies characteristic of a more logistical 

system. 

(Fig 5.16: Box plots of the T/C ratio data presented in Table 5.12, showing the mean (x), and 
including data point distribution) 

 

Graphical Comparisons of Blanks against Cores 

When comparing the tools with cores graphically it can be seen, for the whole dataset (Fig 

5.17), there is a fairly strong, significant, positive correlation. This shows, in general, the 

numbers of cores increase as the number of tools increase. This fairly strong correlation is 

also mirrored in the scatter plots for each of the climatic periods (Fig 5.18). There appear to 

be no distinct outliers. 
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(Fig 5.17: Tools against cores for the whole dataset) 

 

(Fig 5.18: Tools against cores for each climatic phase) 

 

 

0

1

2

3

4

5

6

7

8

9

0 1 2 3 4 5 6 7

Ln
 T

o
o

ls

Ln Cores

Whole Dataset: Tools vs Cores



 

194 
 

Numbers of Hunting and Domestic Tools 

(Fig 5.19: The numbers of hunting tools and domestic tools in each assemblage in the 
Allerød sample) 

(Fig 5.20: The numbers of hunting tools and domestic tools in each assemblage in the YD 
sample) 

(Fig 5.21: The numbers of hunting tools and domestic tools in each assemblage in the PB 
sample) 
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Once again its can be seen the assemblages with the largest numbers of tools and cores have 

the highest numbers of hunting and domestic tools (Figs 5.19 to 5.21). This again shows 

hunting tools appear to be more important at a greater number of sites throughout the 

climatic phases with the Allerød and PB having a greater number of distinctly larger hunting 

tool components in assemblages. The YD again has comparatively similar numbers of hunting 

and domestic tool components suggesting a slight shift to a more residential strategy which 

might be supported by the previous analyses. Again, the comparatively subtle shift in this data 

is in contrast to that seen in the northwest sample, further supporting a more subdued 

response during the YD. 

5.2g - Summary of Raw Material Analysis  

The YD appears to have a lower percentage of sites with raw materials from a predominately 

local source compared with the Allerød and especially the PB. This could hint at populations 

during the YD being less mobile than those in the Allerød and PB, with the populations during 

the PB being especially more mobile. However, the samples sizes are notably small and thus 

this interpretation should be viewed with caution. 

There is no significant difference in the mean of the B/T ratio between any of the periods 

suggesting there was no change in the distance from raw material sources and thus no 

obvious change in mobility strategy. However, there is a notable decrease in the mean values 

during the YD, especially compared with the Allerød, which tentatively suggests a slight 

decrease in the distance to raw material sources during this period and an increase in 

logistical behaviour. 

It can be seen from the B/C ratio values, there are no significant differences between the 

Allerød and YD, indicating there was little change in the mean distance from raw material 

sources between these periods, and thereby no obvious change in mobility. However, there 

is a potentially significant increase in the mean values from the YD to the PB and a significant 

increase in mean values between the Allerød and PB, which indicates there was a shift to 

behaviours more consistent with populations at a lesser distance from raw material sources 

(more logistically mobile) from the YD to the PB, and populations during the PB Interstadial 

were at lesser distances from raw material sources (again more logistically mobile) than 
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during the Allerød interstadial.  There is no strong evidence that any changes are linked 

directly to climate change. 

The PB has a significantly greater mean T/C ratio than either the YD or the Allerød. This might 

indicate there was a more economical use of cores, with fewer cores producing a greater 

number of tools. This suggests a more residential strategy was in place during the PB. There 

is also a notable, although not significant, decrease in the mean values from the Allerød into 

the YD which might suggest there was a decrease in the economical use of raw materials 

during the YD, compared with the Allerød and PB and indicate an increase in more wasteful, 

expedient tool manufacturing strategies characteristic of a more logistical system. 

The B/C ratio values suggest there was a significant shift to a more expedient strategy during 

the PB, which might be supported by the values from the B/T ratios. This indicates populations 

during the PB utilised disparate or low quality raw materials. When observing the raw material 

quality (Fig 5.8), it appears sites during the PB had a higher proportion of variable quality raw 

materials than compared with both the Allerød and YD, along with a smaller representation 

of good and high quality raw materials. Perhaps the greater use of an expedient toolkit is 

related to the greater number of sites with variable quality raw material sources than the 

Allerød and YD? The Allerød, in particular, has a notably larger number of sites that exploited 

high quality raw materials. 

Overall, the results of the raw material analyses are inconclusive. However, there is again 

strong support that at least the PB populations were significantly more logistically organised 

than the YD, most likely using poorer quality raw materials to create a more expedient toolkit. 

5.3 - Site Type Analysis 

The expected characteristics of base camps and special task camps were outlined in Chapter 

4 in tables 4.14 and 4.15 along with the expected values for high, medium, low levels of each 

indicator in which each assemblage was categorised in table 4.16. Table 5.35 shows the 

results when these expectations are applied to the database for the southern European 

sample. 
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 No. Base 
Camps 

% Base 
Camps 

No. Special 
Task Camps 

% Special 
Task Camps 

n Total % Total 

Whole Dataset 36 33.33 72 66.67 108 100 

Allerød 13 33.33 26 66.67 39 36.11 

YD 16 48.48 17 51.52 33 30.56 

PB 7 19.44 29 80.56 36 33.33 

(Table 5.13: Number and percentage of base camps and special task camps recognised using 
the parameters set out in table 4.16 in Chapter 4 for the whole database and each climatic 
phase) 

 

Looking at these results it appears the PB has a distinctly lower number of base camps 

compared with the Allerød and YD and a distinctly lower percentage of base camps to special 

task camps than the Allerød and YD. These results indicate a much higher level of logistical 

mobility was practised by populations during the PB. In contrast, the YD has a much more 

even percentage of base camps and special task camps, suggesting populations during this 

period practised a higher level of residential mobility than the Allerød and PB. The Allerød lies 

in between these two periods in terms of the percentages of base camps and special task 

camps, but suggests a higher level of logistical mobility was practised by populations during 

this period than the YD, but lower than during the PB. Overall, it appears there was a notable 

shift to a more residential mobility system during the YD from the Allerød, and a large shift to 

a more logistical system from the YD to the PB. 

When comparing these results with the northwest data, there appears to be a distinct reversal 

in these patterns. The northwest data indicates there was a distinct shift from a more 

residentially mobile system during the Allerød, to a distinctly more logistical strategy during 

the YD, and then back to a more residentially mobile system during the PB, while the 

populations during the PB seem to be less residentially mobile than the Allerød. 

Table 4.42 in Chapter 4, sets out the expectations of expediency for base camps in a 

residential strategy, base camps in a logistical strategy, and special task camps. These were 

then applied to the south data. If we accept, from the results in Table 5.35, that populations 

during the Allerød and PB practised a more logistically mobile strategy, and populations 

during the YD practised a more residentially mobile strategy, then we would expect, from the 

expectations set out in table 4.42 in Chapter 4, the Allerød and PB to have base camps with a 

higher blank to tool, and blank to core ratio, and a lower tool to core ratio, than base camps 
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during the YD. The next section will look at the differences between the Allerød and PB base 

and special task camps and the YD base and special task camps. 

5.3a - Base Camps 

If sites can be classified as base camps then their compositions would be expected to change 

if mobility changes with the change in climate into the YD. Base camps in a logistical system 

should have a distinct range of values representing a more expedient strategy with larger base 

camps which are occupied for longer periods and moved less frequently than with a more 

residential system. Table 5.14 show the results of the comparisons of the mean B/T, B/C, and 

T/C ratios for the assemblages designated as base camps between the Allerød, YD, and PB, 

and the statistical analyses are presented in A3.34-A3.36 in Appendix 3. 

 Allerød Base Camps YD Base Camps PB Base Camps 

Indicator n µ σ σ2 n µ σ σ2 n µ σ σ2 

B/T Ratio 9 6.033 3.022 9.133 14 9.388 6.521 42.522 3 3.278 0.979 0.958 

B/C Ratio 9 40.409 22.325 498.423 13 50.190 44.958 2021.196 3 32.572 31.693 1004.416 

T/C Ratio 10 7.279 4.445 19.758 14 7.647 7.440 55.347 5 7.693 6.425 41.285 

(Table 5.14:  Mean B/T, B/C, and T/C ratios for the assemblages classed as base camps for 
each climatic phase) 

 

No significant relationships were found between any of the periods in the B/T, B/C, and T/C 

ratios (Kruskal-Wallis rank sum test: B/T = (H(2) = 0.776, df = 2, p-value = 0.679); B/C = (H(2) 

= 0.235, df = 2, p-value = 0.889); and T/C = (H(2) = 0.568, df = 2, p-value = 0.753)). 

Unfortunately, the sample sizes for the indicators for the Allerød and especially the PB were 

too low to generate reliable results when comparing base camps values between them and 

the YD. These results are therefore inconclusive. However, the fact so few assemblages could 

be identified as base camps for the Allerød and PB does suggest there is an unusually low 

number of these site types in the south data. 
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5.3b - Special Task Camps 

If these sites are classified as logistical camps then their compositions would not be expected 

to be significantly different from each other between each climate phase as one would expect 

a special task camp to retain similar characteristics whatever the level of residential or 

logistical mobility is being practised. Table 5.15 shows the results of the comparisons of the 

mean B/T, B/C, and T/C ratios for the assemblages designated as special task camps between 

the Allerød, YD, and PB. The statistical analyses are presented in A3.37-A3.39 in Appendix 3. 

 Allerød Special Task Camps YD Special Task Camps PB Special Task Camps 

Indicator n µ σ σ2 n µ σ σ2 n µ σ σ2 

B/T Ratio 21 15.498 32.061 1027.886 12 14.563 10.290 105.892 18 13.949 11.557 133.563 

B/C Ratio 15 66.674 55.122 3038.401 9 139.111 201.621 40651.201 17 181.991 230.953 53339.232 

T/C Ratio 18 11.260 14.811 219.357 11 8.579 7.767 60.325 19 14.457 14.050 197.402 

(Table 5.15: Mean B/T, B/C, and T/C ratios for the assemblages classed as special task camps 
for each climatic phase) 

 

No significant relationships were found between any of the ratios between any of the climatic 

periods (Kruskal-Wallis rank sum test: B/T = (H(2) = 3.369, df = 2, p-value = 0.186); B/C = (H(2) 

= 3.481, df = 2, p-value = 0.175); and T/C = (H(2) = 2.934, df = 2, p-value = 0.231)). However, 

although not significant, it would appear the B/C ratios in the Allerød are notably lower than 

the YD and especially the PB and with lower variances, suggesting populations during this 

phase may have been more residentially mobile. 

 

5.3c - Comparison of Base camps and Special Task Camps  

It would be expected, for each climatic period, the base camp ratio values should be 

significantly different from the special task camp values, representing the different functions 

assumed to be carried out at these site types. The results of the comparisons of base camps 

and special task camps for each period are presented in Tables 5.16-5-5.18, and the statistical 

analysis presented in A3.40-A3.42 in Appendix 3. 
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Allerød 

(Table 5.16: Mean B/T, B/C, and T/C ratios for the assemblages classed as base camps and 
special task camps for the Allerød)  

 

Younger Dryas 

(Table 5.17: Mean B/T, B/C, and T/C ratios for the assemblages classed as base camps and 
special task camps for the YD) 

 

Preboreal 

(Table 5.18: Mean B/T, B/C, and T/C ratios for the assemblages classed as base camps and 
special task camps for the PB)  

 

 Allerød Base Camps Allerød Special Task Camps 

Indicator n µ σ σ2 n µ σ σ2 

B/T Ratio 9 6.033 3.022 9.133 21 15.498 32.061 1027.886 

B/C Ratio 9 40.409 22.325 498.423 15 66.674 55.122 3038.401 

T/C Ratio 9 7.279 4.445 19.758 18 11.260 14.811 219.357 

 YD Base Camps YD Special Task Camps 

Indicator n µ σ σ2 n µ σ σ2 

B/T Ratio 14 9.388 6.521 42.522 12 14.563 10.290 105.892 

B/C Ratio 13 50.190 44.958 2021.196 9 139.111 201.621 40651.201 

T/C Ratio 14 7.647 7.440 55.347 11 8.579 7.767 60.325 

 PB Base Camps PB Special Task Camps 

Indicator n µ σ σ2 n µ σ σ2 

B/T Ratio 3 3.278 0.979 0.958 18 13.949 11.557 133.563 

B/C Ratio 3 32.572 31.693 1004.416 17 181.991 230.953 53339.232 

T/C Ratio 5 7.693 6.425 41.285 19 14.457 14.050 197.402 
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5.3d - Summary of Site Type Analysis  

Overall, if the allocation of site types is accepted, there is a notably lower number of base 

camps and a higher number of special task camps during the PB. This strongly suggests 

populations during this period were much more logistically organised than those in the YD 

and the Allerød. The YD also has a notably low number of special task camps, and the numbers 

of base camps and special task camps are almost identical (n = 16 and n= 17 respectively). 

This strongly indicates populations during the YD were more residentially organised 

compared with the populations from the Allerød and PB. The Allerød has double the number 

of special task camps to the number of base camps, suggesting populations during the Allerød 

were more logistically mobile than those during the YD. This evidence points to populations 

practising a more logistical strategy during the Allerød and especially the PB, and more 

residentially mobile strategies during the YD, and supports the generalised conclusions of the 

previous analyses. 

There were no significant differences found between the B/T, B/C, and T/C values of the 

designated base camps and designated special task camps in any of the periods. However, 

unfortunately, the sample sizes were particularly low for these analyses, and interpretations 

should not be made from these results.   

The same problem was encountered when comparing the base camps with the special task 

camps for each of the periods, with no significant differences found from small sample sizes, 

particularly in the Allerød and PB datasets. However, the YD has a more robust sample size, 

and provides a non-significant result, suggesting there was little difference in assemblage 

composition between base camps and special task camps during the YD. This is similar to that 

found within the north-western dataset.   

5.4 - Conclusion 

The results of this chapter appear to generally point to a slight shift from less mobile 

populations practising a more logistical strategy during the Allerød, to more mobile 

populations in a more residential strategy during the YD, and reverting back to a particularly 

more logistical system during the PB. This is mainly shown through the richness and B/T ratio 

values and site type analysis, whereas the B/C and T/C ratios appear to be less significantly 
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different between periods, which may suggest the differences between lithic assemblages 

may have been more subdued than in the northwest dataset.  

However, due to the general lack of significance in the differences between the Allerød and 

YD indicators, along with the evidence showing only the slightest shift, it is likely there was 

no real major change in mobility from the Allerød into the YD. In contrast, the PB indicators 

are generally much more notable and statistically different, suggesting the major change in 

mobility occurred during the early Holocene, to a notably more logistically mobile system. 

This tentative result is the opposite of that seen within the northwest dataset, where there 

appears to be more mobile populations practising a more distinctly residential strategy during 

the Allerød and PB interstadials, and distinctly less mobile populations practising a more 

logistical strategy during the YD stadial. It should also be noted, in general, these “mobility 

shifts” between periods appear to be more subdued in the south dataset, especially in the 

case of the B/T, B/C, and T/C ratio values, which might be a factor of the more muted effects 

of the YD in the southern regions of Europe. 

Overall, there is a much more subdued shift, possibly from a more logistical strategy in the 

Allerød to a more residential strategy in the YD, followed by a major shift to a more logistical 

mobility strategy into the PB. In the south, climate change appears not to have any significant 

effect on the composition of tool assemblages, and thereby it can be assumed on human 

populations. 

In Chapter 6, the results of the north-western and southern analyses will be directly 

compared, to ascertain if these observations are significantly different from each other, and 

if there is evidence of significantly different mobility strategies in north Europe.  
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Chapter 6: Comparison of the North-western and 

Southern European Analysis 

In Chapters 4 and 5 the indicators for mobility were applied to the northwest and southern 

European datasets individually. It was found there is strong evidence the two regions 

responded differently. The northwest dataset indicated a shift from a more residential 

strategy in the Allerød, to a more logistical mobility during the YD, followed by a return to a 

more residential mobility during the PB, although one that was less so than the previous 

interstadial. However, the south dataset indicated a reverse pattern of a more logistical 

strategy during the Allerød, a more residential mobility during the YD, and a return to a 

particularly more logistical mobility during the PB. The southern dataset also provides 

evidence of a more subdued response to the YD with the shifts in the ratio and diversity values 

appearing to be less distinct than in the northwest dataset. 

To ascertain whether there is a statistically significant difference between the assemblages of 

the northwest and southern datasets a direct comparison of each indicator from each period 

in both regions must be carried out. With the results of the sets of analyses from Chapter 4 

and 5, one might expect the assemblages in the northwest region would differ significantly 

from those of the south. This set of results will follow the same format as Chapters 4 and 5, 

beginning with diversity. 
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6.1 - Tool Diversity Indicators  

6.1a - Analysis of Richness (NTAXA) 

The results of the NTAXA analysis are presented in Table 6.1, while the statistical analysis is 

presented in A3.43 in Appendix 3. 

N.W. µ  n σ σ2 S. µ  n σ σ2 

Whole Dataset 7.475 245 2.394 5.730 Whole Dataset 7.751 131 1.934 3.739 

Allerød 7.444 79 1.948 3.795 Allerød 7.179 45 1.796 3.224 

YD 6.847 45 1.744 3.041 YD 8.660 37 2.579 6.652 

PB 8.270 70 2.313 5.349 PB 8.084 39 1.494 2.233 

(Table 6.1: Comparison of the northwest and south weighted mean NTAXA results) 

 

When comparing these results with the northwest data, it was found the mean richness 

values of the south Allerød and YD assemblages are significantly statistically higher than the 

north-western Allerød and YD assemblages (p=0.0018 and p=0.041 respectively), while the 

PB does not appear to be significantly different in either sets of data, albeit with a slightly 

higher value in the northwest data which might indicate there is a difference in the mean 

richness during this period as well. This suggests assemblages in the south dataset have, on 

average, a greater number of tool types in their assemblages, indicating a higher level of 

residential mobility, especially in the YD dataset, and also potentially a lower level of mobility 

(perhaps more logistical) during the PB. It should also be noted the variance of the YD sample 

is distinctly higher in the south which supports the presence of more logistical populations 

during this period, with a greater variation in the numbers of tools in assemblages. This might 

imply a larger number of different camp sites would be expected in a logistical system. There 

is also a notably larger variance in the PB in the northwest sample which might support the 

possibility a more logistical system was in place during this period, while the variance of the 

south PB is notably small, which suggests there was little variation in the numbers of tools 

between assemblages. This would be more characteristic of a residential system. 
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6.1b – Analysis of Evenness 

The results of the comparison of Simpson Index values are presented in Table 6.2 and Fig 6.1, 

and the statistical analysis is presented in A3.44 in Appendix 3. 

N.W. µ  n σ σ2 S. µ  n σ σ2 

Whole Dataset 3.859 244 2.452 6.013 Whole Dataset 3.704 131 1.714 2.936 

Allerød 4.869 78 3.526 12.430 Allerød 4.094 45 2.249 5.057 

YD 3.191 45 1.357 1.841 YD 3.997 37 1.506 2.269 

PB 3.441 70 1.338 1.790 PB 3.018 39 1.057 1.116 

(Table 6.2: Comparison of the northwest and south mean evenness results) 

 

(Fig 6.1: Box plots of the comparisons of the Simpson Index values for each climatic phase 
between the northwest (N.W.) and south (S.) datasets) 

 

When comparing these results with the northwest data, it can be seen only the south YD 

assemblages significantly differ from the northwest YD assemblages (p=0.020), with the south 

displaying larger mean values. This suggests, during the YD in the south, there was a greater 

level of evenness, and thereby a greater level of residential mobility than in assemblages from 

the northwest during the same period. There appears to be no significant difference between 
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the south and the northwest during the Allerød and PB, although the south Allerød has a 

notably lower mean value than the northwest which might indicate a higher level of 

specialisation, and a lower level of mobility, in the south during the Allerød. In both sets of 

data, the Allerød period has a notably higher variance, which suggest there was a wider 

variation of evenness in assemblages, which might indicate populations were more logistically 

organised during this period in both regions. 

 6.1c – Analysis of Density 

Total Artefacts per m2  

The results of the total number of artefacts per m2 are presented in Table 6.3, and the 

statistical analyses are given in A3.45 in Appendix 3. 

N.W. µ  n σ σ2 S. µ  n σ σ2 

Whole Dataset 44.124 147 127.224 16185.898 Whole Dataset 163.670 81 290.220 84227.817 

Allerød 20.620 45 36.526 1334.179 Allerød 192.776 30 306.915 94196.831 

YD 64.391 31 126.895 16102.322 YD 148.378 23 343.585 118050.490 

PB 67.565 41 205.330 42160.274 PB 161.274 24 239.589 57402.872 

(Table 6.3: Comparison of the northwest and south mean density in the total assemblage 
results) 

 

It can be seen the southern assemblages have statistically significantly larger densities during 

the Allerød (p=<0.00004) and PB (p=0.006), while the YD also has a notably higher mean 

density, although not to any statistical significance. This would suggest during the Allerød and 

PB in the south, more logistical practises were carried out, with a higher number of smaller, 

more densely concentrated sites. There is also a notably larger variance in artefact density in 

the south sample, especially in the Allerød and YD datasets. This suggests there was 

considerably more variation in site densities in the south during the Allerød and YD periods, 

which might indicate a more logistical strategy being in place in the south during these phases. 
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Total Number of Artefacts 

The results of the analysis of the total number of tools are presented below in Table 6.4 and 

Fig 6.2, while the statistical analyses are provided in A3.46 in Appendix 3. 

N.W. µ  n σ σ2 S. µ  n σ σ2 

Whole Dataset 2038.286 248 3668.293 13456374.640 Whole Dataset 2300.211 90 3624.332 13135785.920 

Allerød 1581.922 77 2666.936 7112545.994 Allerød 2463.484 31 3716.148 13809756.260 

YD 1950.633 49 2723.366 7416721.279 YD 1746.000 28 2693.750 7256290.296 

PB 2621.928 69 3859.262 14893904.070 PB 3104.160 25 4635.903 21491600.720 

(Table 6.4: Comparison of the northwest and south mean total numbers of blanks, cores, 
and tools results) 

 

(Fig 6.2: Box plots of the comparisons of the total number of artefacts for each climatic 
phase between the N.W and S. datasets) 

 

The results show there is a borderline significant difference in the sizes of assemblages in the 

Allerød between the two regions (p=0.055), with the southern sites containing many more 

artefacts than the north-western sites. However, there is no statistically significant difference 

between the two regions during the YD and PB. This suggests populations during the Allerød 

in the southern region occupied larger camps, or stayed for longer durations. 
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6.1d - Analysis of Percentage Microliths 

The results of the percentage microliths in the total and tool assemblages are presented in 

Tables 6.5 and 6.6, and the statistical analyses are presented in A3.47 and A3.48 in Appendix 

3. 

Total Assemblage  

N.W. µ  n σ σ2 S. µ  n σ σ2 

Whole Dataset 0.556 248 1.109 1.229 Whole Dataset 1.897 83 3.597 12.939 

Allerød 0.044 77 0.128 0.016 Allerød 0.251 30 0.943 0.889 

YD 0.336 49 0.707 0.500 YD 0.663 28 2.379 5.661 

PB 1.291 69 1.460 2.132 PB 4.308 24 4.499 20.241 

(Table 6.5: Comparison of the northwest and south mean percentage microliths in the total 
assemblage results) 

 

Tool Assemblage  

N.W. µ  n σ σ2 S. µ  n σ σ2 

Whole Dataset 10.573 261 21.051 443.130 Whole Dataset 14.067 126 23.672 560.386 

Allerød 0.296 82 0.766 0.587 Allerød 1.164 45 5.731 32.847 

YD 5.016 46 8.782 77.120 YD 5.176 37 10.818 117.035 

PB 14.825 75 18.918 357.894 PB 35.868 43 27.630 763.441 

(Table 6.6: Comparison of the northwest and south mean percentage of microliths in the 
tool assemblage results) 

 

When compared with the northwest data, the south PB sites have significantly higher mean 

percentages of microliths in the total assemblage (p=0.007), suggesting populations during 

the south PB were more logistically mobile than the northwest. However, there are no 

statistically significant differences between the regions when looking at the percentage within 

the tool assemblage. Although the northwest and south YD have notably similar mean 

percentages, possibly indicating a similar level of logistical mobility between each region 

during this phase.  
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6.2 - Expediency and Raw Materials 

6.2a - Analysis of the Blank to Tool Ratio  

The results of the B/T ratio analyses are given in Table 6.7 and Fig 6.3, and the statistical 

analyses are provided in A3.49 in Appendix 3. 

N.W. µ  n σ σ2 S. µ  n σ σ2 

Whole Dataset 13.289 195 18.141 329.091 Whole Dataset 12.122 82 17.885 319.878 

Allerød 8.179 58 6.555 42.967 Allerød 12.487 31 26.597 707.424 

YD 16.814 28 14.922 222.680 YD 11.776 26 8.696 75.624 

PB 10.554 63 9.259 85.728 PB 12.029 25 10.781 116.224 

(Table 6.7: Comparison of the northwest and south mean B/T ratio results) 

(Fig 6.3: Box plots of the comparisons of the B/T ratios for each climatic phase between the 
N.W. and S. datasets) 

 

The results of this analysis found no statistically significant difference between the B/T ratios 

of the two regions, which suggests the assemblages should be characteristically similar in the 

northwest and south. However, it is notable the south dataset has higher B/T values during 

the Allerød and PB, and distinctly lower values during the YD. This might provide evidence 

populations were more logistically mobile during the interstadial phases and more 
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residentially mobile during the YD in the south. It can be seen the difference between the 

shifts in values of each sequential climatic phase are much more subdued in the south dataset 

when compared with the northwest.  

There is a notably higher variance in the south Allerød dataset which might suggest there was 

a greater variation in the B/T ratio between assemblages, which might indicate a more 

logistical system was in place in the region during this phase, which does not support the 

interpretation of the mean B/T ratios. There is also a notably higher variance in the northwest 

YD dataset which again might indicate a more logistical system was being employed in this 

region during the YD. This is supported by the interpretation of mean B/T values. 

 

Numbers of Hunting and Domestic Tools 

Figs 6.4 to 6.6 compare the distribution of blanks against cores and plot hunting and domestic 

tools as a third variable. It appears there are distinctly more assemblages within the south 

dataset having higher proportions of hunting tools compared with domestic tools during the 

Allerød and to some extent the PB phases. This suggests hunting was a more important 

activity during these periods in the south, and potentially points to a higher level of logistical 

mobility. The results of northwest Allerød and PB suggest a higher level of residential mobility 

was employed during these periods. However, there is no such clear difference observed 

between the northwest and south datasets within the YD, suggesting a similar level of 

mobility was employed in both regions during this period. This also shows hunting tools seem 

less important during the YD in the south when compared with the Allerød and YD, possibly 

indicating a comparatively more residential mobility strategy during this phase. 
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Northwest

 

South

 

(Fig 6.4: Comparison of the numbers of hunting tools and domestic tools within assemblages 
between the N.W. and S. Allerød sample) 
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Northwest

South

(Fig 6.5: Comparison of the numbers of hunting tools and domestic tools within assemblages 
between the N.W. and S. YD sample) 
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Northwest

 

South

(Fig 6.6: Comparison of the numbers of hunting tools and domestic tools within assemblages 
between the N.W. and S. PB sample) 

 

6.2b – Analysis of the Blank to Core Ratio 

The results of the comparison of the B/C ratios are presented in Table 6.8 and Fig 6.7, while 

the statistics are presented in A3.50 in Appendix 3. 

N.W. µ  n σ σ2 S. µ  n σ σ2 

Whole Dataset 57.437 201 87.006 7570.052 Whole Dataset 91.564 67 138.958 19309.314 

Allerød 36.288 54 35.321 1247.579 Allerød 52.796 22 49.328 2433.271 

YD 107.821 40 160.556 25778.171 YD 63.689 21 86.518 7485.366 

PB 44.799 62 48.985 2399.568 PB 151.493 24 201.950 40783.988 

(Table 6.8: Comparison of the northwest and south mean B/C ratio results) 
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(Fig 6.7: Box plots of the comparisons of the B/C ratios for each climatic phase between the 
N.W. and S. datasets) 

 

When comparing the results of the B/C from north and south it was found there is a 

statistically significantly larger mean B/C value in the southern PB assemblages than when 

compared with the north-western (p=0.001). This suggests populations during the PB in south 

Europe practised a significantly lower level of mobility and thus potentially were much more 

logistically mobile than in the northwest. There are no statistically significant differences 

between the northwest and south Allerød and YD values, although the YD has a notably lower 

mean value in the south dataset which might suggest an increase in mobility, potentially in a 

more residential system, which forms a level of agreement with the results of the B/T ratios. 

The variance of the northwest YD dataset is distinctly higher than in the south, which might 

support the interpretation the northwest YD was more highly logistically organised. The south 

PB also has a distinctly higher variance, which again might support the interpretation of the 

south PB populations being more logistically organised. 
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Numbers of Hunting and Domestic Tools 

Figures 6.8 to 6.10 show, again, there is a trend of an increased importance of hunting tools 

in assemblages in the south Allerød and to a lesser degree the PB. The YD again appears to be 

similar, and suggests hunting may have been less important comparatively to the Allerød and 

PB in the south 

Northwest

 

South

(Fig 6.8: Comparison of the numbers of hunting tools and domestic tools within assemblages 
between the N.W. and S. Allerød sample) 
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Northwest  

 

South

(Fig 6.9: Comparison of the numbers of hunting tools and domestic tools within assemblages 
between the N.W. and S. YD sample) 
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Northwest 

 

South

(Fig 6.10: Comparison of the numbers of hunting tools and domestic tools within 
assemblages between the N.W. and S. PB sample) 
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6.2c - Analysis of Percentage of Retouched and Utilised Blanks 

Below are the results of the percentage of URB in the total and tool assemblages (Tables 6.9 

and 6.10), while the statistical analyses are presented in A3.51 and A3.52 in Appendix 3. 

In Total Assemblage 

N.W. µ  n σ σ2 S. µ  n σ σ2 

Whole Dataset 2.939 180 3.794 14.393 Whole Dataset 0.704 57 1.401 1.964 

Allerød 3.165 52 3.862 14.915 Allerød 0.588 20 0.700 0.490 

YD 1.551 32 1.371 1.879 YD 1.416 20 1.575 2.482 

PB 3.809 60 4.449 19.792 PB 0.364 15 0.889 0.789 

(Table 6.9: Comparison of the northwest and south mean percentage of URB in the total 
assemblage results) 

 

When comparing these results, a significant and distinctly lower mean percentage of URB in 

the total assemblage between the northwest Allerød and south Allerød (p=0.005), and 

northwest PB and south PB (p=<0.001) regions is apparent. This suggests populations in south 

Europe had a distinctly lower level of expediency in the Allerød and PB compared with their 

northwest counterparts and thereby indicating a higher level of residential mobility. However, 

the YD has very similar mean values, which suggest a similar level of mobility was employed 

in both regions (although the mean values in the northwest dataset is distinctly lower than 

the Allerød and PB). 

In Tool Assemblage 

N.W. µ  n σ σ2 S. µ  n σ σ2 

Whole Dataset 23.964 193 18.479 341.484 Whole Dataset 8.699 80 7.396 54.695 

Allerød 22.791 56 16.312 266.082 Allerød 7.378 26 6.028 36.331 

YD 18.267 32 12.414 154.098 YD 12.676 24 8.888 79.001 

PB 33.882 65 20.340 413.721 PB 7.070 24 6.949 48.288 

(Table 6.10: Comparison of the northwest and south mean percentage of retouched and 
utilised blanks in the tool assemblage results) 

 

The results of the comparison of the percentage URB in the tool assemblage are similar to the 

percentage in the total assemblage, with northwest Allerød region (p=0.001) and the 
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northwest PB region (p=<0.0001) being significantly statistically higher than their southern 

counterparts. These lower mean percentages are especially pronounced in the south PB 

assemblages suggesting a distinctly different manufacturing strategy regarding the 

production of URB’s, interpreted here as a shift to a much lower level of mobility related to a 

higher level of logistical mobility. 

 

6.2d - Raw Material Procurement 

In comparison to the northwest results the south assemblages, for each period, have distinctly 

lower percentages of local raw materials and thus also distinctly higher percentages of non-

local raw materials (Table 6.11). This potentially indicates a higher level of residential mobility 

was practised in the south throughout all the periods, which agrees with the results of the 

URB. 

 

N.W. % Local  n % Non-
Local  

n S. % Local  n % Non-
Local  

n 

Whole Dataset 82 98 18 22 Whole Dataset 51.163 22 48.837 21 

Allerød 77 30 23 9 Allerød 40.000 6 60.000 9 

YD 75 9 25 3 YD 44.444 4 55.556 5 

PB 88 37 12 5 PB 63.158 12 36.842 7 

(Table 6.11: Comparison of the northwest and south raw material provenance results) 
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6.2e – Analysis of the Tool to Core Ratio 

The results of the comparison of the T/C ratios are presented in Table 6.12 and Fig 6.11, and 

the statistical analysis presented in A3.53 in Appendix 3. 

N.W. µ  n σ σ2 S. µ  n σ σ2 

Whole Dataset 6.805 209 8.910 79.384 Whole Dataset 9.856 80 10.881 118.391 

Allerød 6.494 58 7.714 59.505 Allerød 9.432 27 11.710 137.1130 

YD 9.400 39 13.446 180.784 YD 6.200 24 4.442 19.735 

PB 6.426 63 6.892 47.498 PB 13.276 29 12.913 166.752 

(Table 6.12: Comparison of the northwest and south mean T/C ratio assemblage results) 

(Fig 6.11: Box plots of the comparisons of the T/C ratios for each climatic phase between the 
N.W. and S. datasets) 

 

When comparing these results with the northwest data, the south PB has a significantly higher 

mean value than the northwest PB (p=0.0002), which may indicate a significant difference in 

tool manufacturing strategies with a much more economical strategy employed in the south 

region. However, again this might be a consequence of a higher number of logistical sites with 

many tools and few cores. In general, it appears there is a reversal of the trend seen in the 

south data with a higher mean value during the YD compared with the Allerød and PB, 

suggesting a more economical use of raw materials in the northwest YD populations and a 
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less economical use of raw materials in the northwest Allerød and PB. This would translate to 

a more logistical organisation during the YD and a more residential organisation during the 

interstadial phases. There are no statistically significant differences between the Allerød and 

YD between the regions. 

Numbers of Hunting and Domestic Tools 

Once more Figures 6.12 to 6.14 show the increased importance of hunting tools within 

assemblages from the south particularly during the Allerød, and to a lesser extent the PB, 

while the northwest and south YD are similar, again showing a greater importance on hunting 

tools. However, the south YD sites seem to show a lesser reliance on hunting tools when 

compared with the Allerød and PB.  

Northwest

 

South 

(Fig 6.12: Comparison of the numbers of hunting tools and domestic tools within 
assemblages between the N.W. and S. Allerød sample) 
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Northwest

 

South 

(Fig 6.13: Comparison of the numbers of hunting tools and domestic tools within 
assemblages between the N.W. and S. YD sample) 
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Northwest

 

South

(Fig 6.14: Comparison of the numbers of hunting tools and domestic tools within 
assemblages between the N.W. and S. PB sample) 
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6.3 - Summary of Comparisons  

 Allerød YD PB 

Richness  Slightly lower Much higher (Slightly lower) 

Evenness (Notably lower) Much higher (Notably lower)  

% Microliths (Higher) (Slightly higher) Much higher 

Density (m2) Much higher (Much higher) Much higher 

Number of 

artefacts 

Higher (near statistical 

significance) 

(Lower) (Higher) 

B/T ratio (Notably higher) (Notably lower) (Higher) 

B/C ratio (Notably higher) (Notably lower) Much higher 

T/C ratio (Notably higher) (Notably lower) Much higher 

% URB Much lower (Lower) Much lower 

Raw material 

provenance 

Notably more non-

local 

Notably more non-local Notably more non-local 

(Table 6.13: How the S. analysis results compare to the N.W. [brackets denote statistically 
non-significant results]) 

 

Table 6.13 summarises the comparison of the south dataset to the northwest dataset. It 

appears the south assemblages have a lower richness and evenness during the Allerød and 

PB and a significantly much higher richness and evenness during the YD. This suggests 

populations in the south were practising a more logistical strategy during the interstadial 

phases, and a more residential strategy during the YD stadial, compared with populations in 

the northwest.  

The number of microliths in the south are higher in every period, especially so during the PB. 

However, the trend of steadily increasing numbers of microliths from the Allerød to YD, and 

an apparent explosion of microlithic technology in the PB is seen in both regions, but notably 

more pronounced in the south samples. If microliths are agreed to be a suitable indicator of 

complexity, this suggests populations were more complex in the south, and indicating more 

logistically organised populations.  

The B/T and B/C ratios appear to be higher in the interstadial phases (especially in the PB) and 

lower in the YD stadial, indicating populations in the south were more logistically organised 
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in the Allerød and particularly the PB, and more residentially organised during the YD. This 

agrees with the results of the richness and evenness analysis. 

The T/C ratio follows the same pattern as the B/T and B/C ratios, but this might suggest 

populations were utilising raw materials more economically in the Allerød and PB, and less so 

in the YD in the south. This indicates a more residential mobility system in the interstadial 

periods and a more logistically mobile system in the YD in this region. 

The URB analysis shows there was a uniformly lower percentage of retouched and utilised 

blanks in the south, which is notably much lower in the interstadial phases. This suggests 

populations in the south were generally more residentially organised with less use of 

unmodified blanks in a more formalised tool manufacturing strategy. A greater level of 

residential mobility in the south is further supported by the raw material data, which suggest 

the predominant sources of raw materials were from non-local resources.    

On the weight of evidence, it can be concluded populations in the south were generally more 

logistically organised during the Allerød and PB and more residentially organised during the 

YD. However, there is evidence from the URB and raw material data, to support there is the 

potential that populations were more residentially organised throughout all the periods, 

although these analyses might be flawed through unreliable/insufficient reporting within the 

literature. The T/C ratio results seem to be an anomaly, much as in the individual region 

analysis and may prove unsuitable as an indicator for economical use of raw materials. 

Despite these inconsistencies, it is clear populations during the YD seem to be more 

residentially mobile than their northwest European counterparts, while the interstadials 

might be less certain. 
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6.4 - Site Type Analysis 

Comparison of Northwest and South Data 

The following analysis will test to see if there are any notable differences in the B/T, B/C, and 

T/C ratios from the base camps and special task camps assemblages between the northwest 

and south regions to ascertain whether there was a different response to the YD at different 

latitudes.  

Numbers of Camp Types 

Tables 6.14 and 6.15 show the numbers of designated base camps and special task camps 

respectively, that were assigned by the methodology set out in Chapter 4. It is clear, 

proportionally, the interstadial phases in the south have notably lower numbers of base 

camps and higher numbers of special task camp, particularly in the case of the PB. This would 

suggest populations were more logistically mobile during the Allerød and PB. In contrast, the 

south YD has notably proportionally higher numbers of base camps compared with special 

task camps, which are spread equally. This is more indicative of a more residential strategy. 

 No. N.W. Base Camps No. S. Base Camps % N.W Base Camps % S. Base Camps 

Total 90 36 47.12 33.33 

Allerød 45 13 58.44 33.33 

YD 13 16 28.89 48.48 

PB 32 17 46.38 19.44 

(Table 6.14: Number and percentage of recognised base camps in the N.W. and S. datasets) 

 No. N.W. Special Task No. S. Special Task % N.W Special Task % S. Special Task 

Total 101 72 52.88 66.67 

Allerød 32 26 41.46 66.67 

YD 32 17 71.11 51.52 

PB 37 29 53.62 80.56 

(Tables 6.15: Number and percentage of recognised special task camps in the N.W. and S. 
datasets) 
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6.4a - Comparison of Indicators in Base Camps and Special Task Camps 

The following sets of analyses (shown in Tables 6.16-6.21 with statistical analysis presented 

in A3.54-A3.59 in Appendix 3) show the comparisons between the northwest and south mean 

ratio values in the designated base camps and special task camps. It might be expected there 

should be a notable difference in the base camp component from north to south if there is a 

difference in mobility strategies employed by human populations. However, this appears not 

to be the case. However, there is very little evidence for statistically significant differences 

between north and south B/T, B/C, and T/C ratios between base camps and special task camps 

were found, with the only exceptions possibly being the B/T ratios of the PB base camps 

(p=0.025) where the southern sites had significantly lower values. However, this result is 

highly unreliable due to the very small sample size. Another possible candidate is the T/C 

ratios in the PB special task camps (p=0.002) where the southern sites have a significantly 

higher T/C ratio (p=0.002), but again the sample size of this group is very low and is unreliable. 

The only reliable candidate for a statistically significant difference between north and south 

regions, with a more robust sample size, is from the B/C ratios from the PB special task camps, 

which are distinctly higher in the southern sites (p=0.001), suggesting these site types where 

more expedient in nature. This might indicate special task camps in a more logistically mobile 

system. 
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Allerød 

(Table 6.16:  Mean B/T, B/C, and T/C ratios for the N.W. and S. assemblages classed as base 
camps for the Allerød)  

(Table 6.17:  Mean B/T, B/C, and T/C ratios for the N.W. and S. assemblages classed as 
special task camps for the Allerød)  

 

Younger Dryas 

(Table 6.18:  Mean B/T, B/C, and T/C ratios for the N.W. and S. assemblages classed as base 
camps for the YD) 

(Table 6.19:  Mean B/T, B/C, and T/C ratios for the N.W. and S. assemblages classed as 
special task camps for the YD) 

 N.W. Allerød Base Camps S. Allerød Base Camps 

Indicator n µ σ σ2 n µ σ σ2 

B/T Ratio 43 8.356 5.897 34.778 9 6.033 3.022 9.133 

B/C Ratio 38 34.997 36.163 1307.758 9 40.409 22.325 498.423 

T/C Ratio 40 6.123 6.692 5.727 10 7.279 4.445 19.758 

 N.W. Allerød  Special Task Camps S. Allerød Special Task Camps 

Indicator n µ σ σ2 n µ σ σ2 

B/T Ratio 29 7.303 8.052 64.832 21 15.498 32.061 1027.886 

B/C Ratio 19 53.036 41.378 1712.147 15 66.674 55.122 3038.401 

T/C Ratio 20 10.670 12.288 150.988 18 11.260 14.811 219.357 

 N.W. YD Base Camps S. YD Base Camps 

Indicator n µ σ σ2 n µ σ σ2 

B/T Ratio 13 14.253 10.402 108.251 14 9.388 6.521 42.522 

B/C Ratio 13 93.991 83.567 6978.391 13 50.190 44.958 2021.196 

T/C Ratio 13 6.967 5.468 29.901 14 7.647 7.440 55.347 

 N.W. YD Special Task Camps S. YD Special Task Camps 

Indicator n µ σ σ2 n µ σ σ2 

B/T Ratio 30 14.463 14.737 217.180 12 14.563 10.290 105.892 

B/C Ratio 30 108.791 179.179 32105.140 9 139.111 201.621 40651.201 

T/C Ratio 31 10.226 14.734 217.096 11 8.579 7.767 60.325 
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Preboreal 

(Table 6.20:  Mean B/T, B/C, and T/C ratios for the N.W. and S. assemblages classed as base 
camps for the PB)  

(Table 6.21:  Mean B/T, B/C, and T/C ratios for the N.W. and S. assemblages classed as 
special task camps for the PB)  

 

6.4b – Summary of Site Type Analysis 

When looking at the designated site types, it is notable there are clear differences in the 

numbers of base camps and special task camps during each phase in the northwest and south. 

There are distinctly more base camps and fewer special task camps in the south during the 

YD and distinctly fewer base camps and a greater number of special task camps during the 

Allerød and especially the PB. This strongly suggests populations in the south were distinctly 

more residentially mobile during the YD and more logistically mobile during the Allerød and 

particularly the PB.  

However, due to the smaller sample sizes of the southern European data, caution must be 

observed whilst interpreting these results. It appears there is no obvious difference between 

the northwest and south base camp B/T, B/C, and T/C values between any of the periods 

(although the sample size is particularly low in this dataset). Within the special task camps, 

there is significantly larger mean value in the PB for the B/C ratios in the south dataset, 

 N.W. PB Base Camps S. PB Base Camps 

Indicator n µ σ σ2 n µ σ σ2 

B/T Ratio 32 9.457 10.049 100.977 3 3.278 0.979 0.958 

B/C Ratio 29 44.668 52.195 2724.358 3 32.572 31.693 1004.416 

T/C Ratio 29 6.340 6.008 36.001 5 7.693 6.425 41.285 

 N.W. PB Special Task Camps S. PB Special Task Camps 

Indicator n µ σ σ2 n µ σ σ2 

B/T Ratio 36 10.463 7.910 62.582 18 13.949 11.557 133.563 

B/C Ratio 35 48.468 51.243 2625.823 17 181.991 230.953 53339.232 

T/C Ratio 36 6.560 7.977 63.639 19 14.457 14.050 197.402 
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suggesting populations during this period in the south have a much more logistical signal in 

their special task camps. This may also be true of the south YD, which has a notably larger 

mean B/C ratio, although with no statistical significance. During this period there is also a 

notably lower mean B/C ratio in the designated base camps, which might be expected in a 

base camp in a more residential strategy, with a lower level of expediency, although again 

there is no statistical difference between these values. Another notable difference is that 

there is no statistically significant difference seen in the mean Allerød B/T ratio in the special 

task camps, in which the south value is notably higher. This might suggest a more logistical 

system was employed within special task camps in the south during the Allerød. Overall very 

little can be interpreted from the ratio values in these results, apart from there appearing to 

be no statistical differences between the base camps and special task camps between any of 

the periods, with the exception of the B/C ratio of the PB. 

6.4 - Conclusion 

Overall, there is quite strong evidence suggesting populations during the Allerød and PB 

phases were more logistically mobile in the south than in the northwest, and populations 

during the YD phase were more residentially mobile in the south than in the northwest. 

If we accept Binford’s (1980) expectation that logistical mobility would be a predicted trait of 

humans living in cold climates, then the results of this analysis support this in the northwest, 

where YD populations appear to be significantly more logistically mobile in harsher 

conditions, where there is evidence of permafrost for much of the year, and periods of deep 

snow cover. In contrast, the south did not have such harsh conditions during the YD, although 

the vegetation response was similar (i.e. an opening of the landscape), average temperatures 

were not cold enough to facilitate the harsh conditions seen in the northwest, most notably 

permafrost and deep snow cover. This appears to have had a significantly different effect on 

the mobility strategies of southern Europeans, who appear to be notably more residentially 

mobile than their northwest counterparts during the YD. 

However, the interstadial phases in the south seem to be notably more logistical in nature, 

which suggests a different mobility response system was already in place in the south 

(perhaps related more to cultural and traditional factors rather than climate and 

environment) as one would expect, the distinctly more comfortable conditions of the Allerød 
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and PB in both the northwest and south would facilitate the same mobility response if 

mobility is directly related to climate change. Perhaps the exact nature of the human response 

to climate change are routed in local/regional traditions and cultural heritage, rather than 

there being an optimal strategy for any one type of climate change that is universally 

followed.  
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Chapter 7: Discussion  

7.1 – Introduction 

This study has (i) discussed the environmental changes observed from the Allerød, YD, and PB 

climatic phases in northwest and south Europe, (ii) explored how, theoretically, hunter-

gatherers and their tool assemblages should respond to these environmental changes, and 

(iii) collected and analysed an extensive lithic tool assemblage dataset from northwest Europe 

and a comparative dataset from south Europe. It has been concluded there were significant 

climatic changes, from a warmer climate and more closed environments during the Allerød 

and PB interstadials to much colder and open environments during the YD in northwest 

Europe, while there was a much more muted environmental response in south Europe. The 

theoretical models, heavily influenced by Binford’s studies (e.g., Binford, 1980) as discussed 

in Chapter 2, predicted there should be a decrease in mobility during colder and harsher 

environments, represented by an increase in logistically mobile behaviour, in contrast to an 

increase in mobility during warmer, more plentiful, environments represented by more 

residentially mobile behaviour. The results of the analysis, presented in Chapters 4-6, found 

there was evidence of a statistically significant decrease in mobility, during the colder 

conditions of YD in northwest Europe, to a more logistically mobile strategy, while 

populations during the Allerød and PB Interstadials were practising a more mobile, more 

residential mobility strategy. However, in south Europe, no evidence was found for a 

statistically significant shift in mobility from the Allerød to the YD (although there is possible 

evidence of a slight shift to a more mobile strategy into the YD), but there is strong statistically 

significant evidence suggesting there was a major shift to a more logistical strategy at the 

beginning of the Holocene, during the PB. Also, there is evidence suggesting the southern 

populations appear to be generally more residentially mobile throughout the 

Pleistocene/Holocene Transition, compared with the northwest populations. 

Here, the results of the lithic assemblage composition analysis will be discussed to determine 

firstly, if the theoretical models provide a suitable framework to interpret mobility changes in 

response to major climatic events, secondly, if the analysis of lithic assemblages are sensitive 

enough to observe these changes, and thirdly, provide an interpretation of how hunter-

gatherer populations reacted and adapted to the YD. Finally, the results and interpretations 
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will be compared with results from similar, global, studies to determine if, or how, the 

western European hunter-gatherer population behaviours differ from the global human 

response to the YD event. 

 

7.2 - Interpretation of the Results 

The results of the northwest European analysis seem to support the theoretical predictions 

set out in Chapter 2, with a general trend of more logistically mobile indicators during the YD 

Stadial and more residentially mobile indicators during the Allerød and PB Interstadials. This 

would suggest hunter-gatherers were less mobile and more specialised during the colder and 

harsher conditions of the YD, while becoming more mobile and more generalised during the 

warmer Allerød and PB, much as Binford (1980) predicts. However, the PB appears to be 

distinctly different from the Allerød, in that the indicators generally suggest populations were 

less mobile during this period. One might expect the two warm Interstadial phases would 

elicit similar responses in mobility by human populations, but this does not seem to be the 

case. However, it has been shown the PB climate and environment was much more unstable 

than the Allerød (See Chapter 1), with several different phases of colder and drier conditions 

(most notably the Preboreal Oscillation or PBO), which may have had an adverse effect on 

human populations when compared with relatively continuous, warm, conditions during the 

Allerød. The higher level of PB logistical mobility compared with the Allerød, may be an 

adaptation to the uncertainty caused by these more unstable conditions.  

In contrast, the south European analysis suggests a more muted response to the YD, with the 

B/T, B/C, and T/C ratios indicating little statistically significant differences between periods, 

unlike the northwest data. However, it appears from the richness, B/T ratios, and site type 

analysis, there is a possible slight reversal from that seen in the northwest dataset. The YD 

assemblages possibly indicate that populations were practising a slightly more residentially 

mobile strategy, while they appear to be practising a more logistical strategy during the 

Allerød and especially in the PB, where there is a pronounced logistically mobile signal. 

However, this slight increase in residential mobility is not statistically significant, and it could 

equally be said there is little difference within the tool indicators between the Allerød and YD, 

a result which supports much of the current research carried out in south Europe, most 
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notably northern Spain, which will be discussed later. Either way, this result seems to strongly 

indicate there was a distinctly different response in south Europe to the more direct climatic 

and environmental effect of the YD on northwest European populations, which one might 

expect. In turn, this may indicate the models for tool assemblage composition changes in 

response to climate outlined in this study may be suitable for observing changes in hunter-

gatherer mobility/behaviour. 

When comparing the two datasets, northwest populations seem to be generally less mobile, 

while southern populations generally seem to be more mobile. This seems to correlate with 

the climatic and environmental conditions in each region. Jones (2016) agrees with this 

finding, noting the more muted response to the YD in south Europe facilitated a more 

residentially mobile strategy throughout the Late Glacial and Early Holocene, although she 

highlights there might be a slight shift to a more logistical strategy during the YD, where there 

was a reported, slight, restriction in mammalian diversity in some regions, which may have 

forced populations to a more specialised strategy. This does not agree with the results here, 

which suggest, if anything, there was a shift to a slightly more residential strategy. However, 

in the northwest the return of large herds of migratory reindeer and horse, unavailable to the 

previous Allerød populations, and the disappearance of more stationary species such as red 

deer (Eriksen, 1996; Gamble et al., 2004: Bignon and Eisenmann, 2002), in a more open 

landscape during the YD, may have forced populations to practise a higher level of logistical 

mobility in order to exploit this species in a period of low bioavailability. Drucker et al. (2016) 

also report a possible reliance on freshwater sources during YD at the site of Rhünda in 

northern Germany, with the seasonal exploitation of reindeer. This again appears to be more 

in line with less mobile populations that practised a more logistically mobile subsistence 

strategy during the YD. 

A number of indicators appear to be significantly different between climatic periods, but seem 

not to be related directly to the climate change of the YD, most notably the values of 

evenness, and the percentage of microliths. It would be expected, if a shift was a result of 

changes from the warmer Allerød to the colder YD, there should be a reverse shift from the 

colder YD to the warmer PB. This would suggest, if these differences represent changes in 

mobility/behaviour, they are caused by other factors, possibly related to changes in 
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population demographics, changes in social interactions, or simply to changes in technology 

that are not related to climate and the environment.  

Another interesting result is there appears not to be a statistically significant change in the 

numbers and percentages of tools, blanks, and total numbers of artefacts with altitude and 

excavation/”site size” in either the northwest or southern datasets. This is more surprising in 

the southern dataset as there are a large range of altitudes from ca. 50-2000 masl in northern 

Spain, the Pyrenees, the Alps, and pre-Alps. It is widely assumed early prehistoric special-task 

site types are located at higher altitudes, which have unique functions and toolkits (see 

discussions by: Aldenderfer, 2006; Adler et al., 2006; Clarke and Kurishima, 1979; Walsh, 

2005; Walsh et al. 2006), although there is rare evidence for prehistoric high-altitude 

residential camps in North America and the Tibetan Plateaux (see Morgan et al., 2012; 

Brantingham et al., 2003). This conclusion seems to be supported in the site type analysis 

where there appears to be no significant difference between the tool, core, and blank ratios 

in the designated base camps and designated special task camps. This contradicts the general 

belief that higher altitude sites, or sites of smaller size, are usually specialist function sites, or 

alternatively, that numbers of tools, blanks, and artefacts are not sensitive enough to observe 

these changes. 

The differences in tool assemblage composition, and thereby mobility, between the 

northwest and south European datasets are assumed here to be related to the differing, 

generalised, climatic and environmental changes in each region, but what are the exact 

differences between the northwest and south European climatic and environmental changes 

during this period, and are they substantial enough to justify this conclusion?  

   

7.3 - Summary of the Northwest and South European Climatic and Environmental Evidence  

The climatic evidence suggests there was a similar dramatic effect on the vegetation with the 

onset of the YD in both the northwest and south regions, with a distinct lowering of 

temperature (although the drop in temperature was notably more subdued in the south) and 

an opening of the landscape during the YD, followed by a rapid amelioration in temperatures 

and the expansion of forest with the onset of the PB. However, this effect seems to be more 

varied from region to region in the south, which has a much more varied topography than the 
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northwest, and there appears to be many areas of refugia for warmer climate vegetation in 

the mountains and on the Mediterranean coast during the YD. In comparison, the 

environmental reaction in the northwest appears to be relatively uniform, most likely due to 

the comparative lack of geographical variation (where the changes in altitude of landforms 

are significantly less pronounced). However, areas of environmental refugia have been 

theorised in this region too. There is also evidence in the south of the halting of the warming 

process during both the Allerød and PB, with arid cooling periods evident during the mid-

point and end of the Allerød and a period of aridity during the PBO, similar to that seen in the 

northwest European data. However, the YD appears to be more uniform between north and 

south regions, with a cold and dry initial phase and a warmer, but still dry, later phase 

apparent in both the northwest and south.  

In the northwest, the PB Interstadial is notably different from the Allerød Interstadial. One 

might expect human populations in warmer periods would have similar mobility strategies, 

but this appears not to be the case. PB populations, although distinctly more residentially 

mobile during the preceding YD, were more logistically mobile than the Allerød and in many 

ways similar to the YD in this regard. Straus (2013) states the northern European hunter-

gatherers practised a “Palaeolithic” settlement-subsistence strategy based on high mobility 

hunting of reindeer over large territories during the YD and this ‘lifeway’ then crashed with 

the onset of the warmer Holocene conditions. However, this was not found in results of this 

research, which suggests there was in fact a shift to a less mobile strategy during the YD in 

northwest Europe, compared with the Allerød, and there appears to be little evidence for a 

‘crash in lifeways’ into the Holocene, as there are greater similarities between the YD and the 

PB lithic assemblage compositions than between the Allerød and the YD. It is vital to note that 

the shift into the Holocene in northwest Europe should also not be simply seen as a dramatic, 

rapid, return to warm and stable conditions. On the contrary, there is strong evidence, 

outlined in Chapter 1, that this period was erratic, with warm wet phases interrupted by brief 

cool and dry episodes. It is this variability, in wet and dry conditions, during the PB in 

northwest Europe that is believed here to be the cause of the changes in patterns of mobility 

observed. 

Straus (2013), states, in contrast to the northwest, the south European populations practised 

a broad-spectrum subsistence strategy since the Allerød, which continues into the YD, where 
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there appears to be little change in human behaviour despite the opening of the landscape, 

and that there was no ‘crash in lifeways’ evident with the onset of the Holocene. From this 

he concludes “environmental determinism must be tempered with the realisation that 

regionally deep-rooted foraging cultures had a considerable inertia and resilience with an 

ability to adapt to a wide range of climatic variations” (Straus, 2013: 250). This continuation 

of an earlier broad-spectrum economy in the south into the YD, is somewhat supported by 

this research, where there appears to be a much more subdued response in the toolkits in 

this region. However, there is a possible slight change to a higher level of mobility during the 

YD that might signal a change in behaviour relating to different climatic and environmental 

conditions, although this shift is not statistically significant, and thus may not represent a 

change at all. Interestingly, the finding by Straus (2013), that there was no evident ‘crash in 

lifeways’ in the south with the onset of the Holocene appears not to be reflected in the results 

my analysis. There is a statistically significant shift to a more logistical strategy during the PB, 

in which populations are much less mobile (according to the toolkit indicators), and this would 

suggest there was in fact some kind of major change in lifeways, at least in terms of mobility, 

during this phase. 

The general similarities in the lowering temperatures (although more subdued) and the 

opening of the landscape between the two regions during the YD, followed by a rapid increase 

in temperature and growth of forests into the PB, suggests a similar human mobility response 

would be seen in south Europe as in northwest Europe. Conversely, there appears to be an 

opposite reaction, with more logistically mobile populations in the northwest during the YD 

and possibly more residentially mobile populations in the south during the YD, and more 

residentially mobile populations in the northwest during the Allerød and PB interstadials, and 

more logistically mobile populations in the south during the Allerød and PB interstadials. This 

appears to be an unexpected result and casts doubt on the suitability of the lithic assemblage 

indicators for mobility tested in this study. However, this line of evidence only takes into 

account the changes in temperature and vegetation, but not the differences in animal 

populations between each region. A significantly different faunal species composition would 

presumably have a much larger effect on hunter-gatherer mobility. The next section will 

discuss the differences between the northwest and south European faunal evidence.  

 



 

238 
 

7.4 - Hunted Faunal Species and their Possible Effect on Mobility in Northwest and South 

Europe 

As we have seen, the environmental differences, in terms of vegetation response, are 

remarkably similar between the northwest and the south regions from the Allerød, to the YD, 

and into the PB. However, the exact environmental responses seem to be more variable from 

region to region within the south, and the temperatures were distinctly higher in this region 

than the northwest. The crucial question to ask here is; how did animal species react to these 

climatic and environmental changes in both regions, and more importantly, how did human 

populations exploit them? 

 

Northwest Europe 

In Europe, the warming during the Allerød has been associated with the beginnings of a 

broad-spectrum economy in mid-to-high latitude regions, evident from Binford’s (1968) study 

into human diet diversification, and in later studies in southern France such as by Jones, 

(2009) and Rillardon and Brugal, (2014), suggesting this may have been a Europe-wide 

phenomenon. In the northwest, this phase saw the replacement of large herds of migrating 

reindeer by smaller groups of sedentary red deer and the growth of light forest from the 

previous steppe-tundra (Drucker et al., 2016). This is thought to have led to human 

populations broadening their diet and exploiting their environment over a smaller range (e.g. 

Aura et al., 1998; Debout et al., 2012). In contrast, effects of the YD were far more pronounced 

in the higher latitudes of France, Benelux, and Germany regions, where periglacial conditions, 

including permafrost re-expansion, induced the return of reindeer herds in steppe-tundra 

landscapes (e.g. Drucker et al., 2016). Reindeer seem to significantly contribute to the 

subsistence of hunter-gatherers in northern Germany and Belgium, in southern England, and 

potentially in the Dry North Sea (Doggerland). Also, fishhooks from northeast Germany, 

directly dated to the YD, suggest fish were also exploited (Drucker et al., 2016). 

However, the Drucker et al. (2016) study into the isotopic analysis of the ‘human of Rhünda’ 

found reindeer represented only a small part of their diet (ca. 20% of protein), which is 

consistent with seasonal exploitation of this species, while it was freshwater resources that 

were the main protein source of the Rhünda individual. Drucker et al. (2016) speculate, in the 
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northern lowlands of Germany, aquatic resources were used as an alternative during the YD 

stadial, when the amounts of available ungulates and plant biomass were relatively low. This 

suggests hunter-gatherers at this site during the YD were not highly mobile, rather located 

near to fresh water sources, exploiting reindeer seasonally when they entered their territory. 

This supports the results of this study which predicts YD populations practised a more 

logistical strategy. 

There tends to be a greater focus on reindeer in studies belonging to this period, most likely 

due to the large body of literature relating to reindeer studies from southern France and 

Spain. However, it is important to note that wild horse (Equus ferus) would have also been a 

major component of European hunter-gatherers diet during the YD, particularly in north-

western Europe. This species is known to have played an important subsistence role in the 

Late Pleistocene, and especially at the end of the Late Glacial, and was particularly well 

adapted to cold and arid steppe environments (Sommer et al., 2011). In the U.K. during the 

cool climate of the Creswellian (dating to the Bølling Interstadial), wild horse was dominantly 

represented in faunal assemblages (Barton, 1999) and several sites dating to the YD in 

northwest Europe have also yielded strong evidence for specialised horse hunting sites. These 

include Three Ways Wharf, Uxbridge, in southern England, Flixton 2, Yorkshire, northern 

England, and Belloy-sur-Somme, northern France (Lewis and Rackham, 2011). Although this 

species is now extinct, behavioural studies of semi-feral horses in Mongolia suggest that wild 

horse lived in small groups and were highly mobile, constantly moving around the landscape, 

and only becoming more stationary when foals were present during spring and early summer 

(Barton, 1999). This suggests that, like reindeer, wild horse posed a very different problem to 

that of warmer climate species such as red deer, and different hunting strategies would have 

to have been employed to successfully exploit them. 

With the onset of the PB there was a dramatic increase in the number and diversity of warm 

climate adapted animals with the return of red deer and the inclusion of new species such as 

wild boar, roe deer, and elk, along with numerous small mammals, birds, and fish, and 

evidence for domestic dog (Clark, 1954; Wymer, 1962; Street, 1991). This would have likely 

enabled a more broad-spectrum economy (which started in the previous Allerød Interstadial), 

and thus a shift to a potentially more residential mobility strategy by hunter-gatherer 

populations in order to best exploit these more plentiful resources as they became available 
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throughout the year, rather than a settlement strategy relying on base camp location near to 

key resources and the specialised targeting of more secondary resources that is predicted in 

a more logistical strategy.  

Due to poor preservation of organic materials over much of the northwest region, the 

information on hunter-gatherer faunal exploitation is much less developed when compared 

with the extensive research carried out in the south of Europe. However, it seems fair to 

conclude there was a significant shift from warmer species, such as red deer, in the Allerød, 

to cold adapted fauna such as reindeer and horse during the YD, followed by a dramatic 

increase in numbers and species of warmer climate fauna into the PB. If the results of this 

analysis hold true, this would suggest, in warmer conditions, with more stationary prey such 

as red deer, human populations practised a more residentially mobile strategy, possibly as 

resources remained equally dispersed within the landscape and moved very little. With the 

onset of the YD and the disappearance of warm climate, and more stationary species, to the 

dominance of highly migratory reindeer and highly mobile wild horse, dispersed in a more 

open landscape, a higher level of logistical mobility seems to be preferred. Interestingly with 

warmer climates and the return of red deer, and the closing of the environment during the 

PB, there does not seem to be a similar mobility response to that seen in the Allerød, despite 

many climatic and environmental similarities between the two phases. 

 

South Europe 

Unlike the northwest, there is a much more developed and detailed account of faunal changes 

during the Lateglacial and Early Holocene in south Europe, and there is a long tradition of 

interpreting human behaviour from the readily available data from faunal assemblages found 

in this region, a sample of which will be discussed in the following section. 

The warming episode of the Allerød led to an expansion of taxa out of areas of refugia 

throughout northern Spain, with forest ungulates, such as red deer, becoming the dominant 

species, and indicating a climatic improvement (Jones, 2016). The colder adapted species, 

such as reindeer, migrated northwards to colder climates, with the exception of the French 

southwest, where reindeer continued to persist (Straus, 1991). In Cantabria, Magdalenian 

populations had already developed a diverse subsistence strategy, and exploited a wide range 
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of food resources, most notably red deer and molluscs, while along the southern edge of the 

Aquitaine basin, populations were becoming increasingly specialised in hunting reindeer. 

Across northern Spain and southwest France, there was an increase in mountain ibex 

exploitation and in northern Spain, other open country taxa such as bison and horse, were 

also important (Straus, 1991). It should be noted reindeer were never a major element of the 

Cantabrian faunal assemblages in any of the periods in this study, and they only appear to 

have a brief importance in the Allerød during an apparent period of reindeer expansion, which 

corresponded with a time of high population density of the species in southwest France 

(Straus, 1991). At this time, the dominant faunal remains found at sites in the western and 

central Pyrenees were from reindeer. However, at other terminal Magdalenian sites, ibex is 

the dominant exploited species in the high mountains, while other faunal assemblages are 

dominated by red deer, with some sites containing two or three important exploited species 

(Straus, 1991). The importance of red deer in northern Spain is seen in the study by Garcia-

Guixe et al. (2009). The isotope evidence from the Allerød dated Balma Guilanya rockshelter 

in the pre-Pyrenees (1157 masl) in Catalonia suggest the majority of human dietary protein 

came from the consumption of herbivores such as red deer. The other major components 

included wild goat, and to a lesser degree, wild rabbits. Neither the zooarchaeological or 

stable isotope analysis provide any evidence for the exploitation of marine or freshwater 

resources, thus the fact marine shell ornaments are found onsite, suggests populations in this 

region were engaged in a long-distance exchange system (Garcia-Guixe et al., 2009). 

In southern France, Jones (2016) finds there appears to be major changes in fauna that can 

be related to the warming of the Allerød, where there is possible evidence for significant 

changes in the composition of faunas, with cold adapted taxa decreasing, warmer taxa 

increasing, and an increase in the representation of lagomorphs. However, these changes 

seem to offset each other as there are no changes in evenness or richness values. In this 

region, there appears to be a replacement of one set of exploited fauna by another, rather 

than an expansion in diet breadth (Jones, 2016). In contrast to the red deer dominated 

assemblages of Vasco-Cantabria, Aquitaine sites during the Allerød are usually 

overwhelmingly dominated by reindeer which were never a significant game species during 

the entire Late Palaeolithic in Cantabrian Spain (Straus, 2011). The only similarity between 
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the Spanish and French regions is that they both have mountain sites whose faunal 

assemblages are almost entirely composed of ibex (and sometimes chamois) (Jones, 2016).  

There is virtually no difference between the Allerød and YD faunal assemblages in Vasco-

Cantabria despite there being a distinctive change in the environment over large areas of the 

region to more open landscapes, suggesting there is strong continuity between the periods, 

which is in direct contrast to that seen in northwest Europe. The YD assemblages continue to 

be dominated by red deer, and others by ibex (Straus, 1991; Straus, 2011; Barbaza, 2011), 

while horse and bovids are still represented but in notably smaller numbers (Straus, 2011; 

Barbaza, 2011), but were more abundant in northern regions than southern regions (Aura et 

al., 2011). However, wild boar and roe deer that are occasionally present in Allerød/Late 

Magdalenian levels, begin to be more frequently found in higher percentages in YD/Azilian 

levels (Straus, 1991; Straus, 2011 Barbaza, 2011), although Straus (2011), notes it cannot 

always be specified as to whether these levels correspond to the Allerød, YD, or PB due to the 

scarcity of associated radiocarbon dates, thus one should advise caution when interpreting 

what exact subsistence behaviour was practised in any one period in this region. There is also 

additional evidence of the exploitation of small game and carnivores (rabbit, hare, birds as 

well as lynx, wild cats, and foxes) in regions such as Mediterranean Spain. Aura et al. (2011), 

see this more varied diet as a response to Mediterranean regions being more influenced by 

aridity than Euro-Siberian ones. Importantly, there is no YD cold-climate faunal signal in 

northern Spain (Straus, 2011). However, Barbaza (2011), does detect minor shifts in response 

to the YD in northern Spain, such as in the Euro-Siberian Iberia region, where the loss of the 

reindeer seems to have resulted in a slight restriction in mammalian diversity (Barbaza, 2011).  

The continuation of red deer in more open and colder environments of the YD might seem 

unusual. However, red deer have long been misrepresented as a strictly woodland species 

found within temperate regions, but is now understood as being extremely versatile and 

flexible, living in open heaths, grasslands, parklands, and forests. Red deer have a huge 

modern day latitudinal range (Straus, 2011), and García Codrón (1996), García Moreno (2007), 

Marín-Arroyo (2009), Stevens et al. (2014), all agree red deer are capable of occupying a wide 

variety of environments and climates from the Magreb to Scandinavia, and that they are more 

affected by food shortage caused by extreme weather such as heavy snow or severe drought, 

than temperature (Marín-Arroyo, 2009). Furthermore, proportions of ibex or chamois would 
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also not have been affected by changes in the palaeovegetation and palaeoclimate. Ibex are 

capable of occupying environments from 200 masl to 3300 masl, and woodland habitats are 

used by females during breeding seasons and are an important source of food procurement 

when pastures are scarce (García Codrón, 1996; García Moreno, 2007; Marín-Arroyo, 2009; 

Stevens et al., 2014). 

In Italy, the picture is slightly different, with middle-sized ungulates still dominating the faunal 

assemblages, but containing substantial numbers of ibex and horse, while red deer is 

commonly represented (Mussi and Peresani, 2011), but not as dominant as seen in the 

northern Spanish assemblages. Birds, hare, fish, and molluscs (Mussi and Peresani, 2011), 

along with wild boar, hare, wild cat, and foxes (Visentin et al., 2016), were also important at 

some sites in Italy, which is also seen in northern Spain and southern France during this 

period. There is also evidence in northern Spain suggesting an exploitation of a wide range of 

marine resources in coastal areas with evidence for marine mammals, birds, fish, shellfish, 

urchins, and crabs (Aura et al., 2011), which shows there was a distinct increase in the 

importance of marine resources during the YD (Marín-Arroyo, 2013). Marín-Arroyo (2013) 

believes this to be due to the dramatic fall in the number of hunted ungulates in the region, 

rather than the exploitation of secondary, more predictable resources in a broadening diet.  

Reindeer is totally absent from the YD dated Azilian faunas of Vasco-Cantabria, but it 

continues to be represented in small quantities in the Azilian of Dumthy, Dufaure, and Mas 

d'Azil, in southern France, which all date to the YD and PB (Straus, 1991), and there is debate 

as to whether reindeer existed in other refugia during the YD in the region at sites such as, 

Morin (Gironde), la Gare de Couze (Dordogne), Saint-Eulalie in the Lot, or Gazel layer 6 in the 

Aude (Straus, 1991). However, other than these sites, there is a complete disappearance of 

reindeer in the Cantabrian Mountains (Altuna and Mariezkurrena, 1996), the Alps and the 

Jura (Bridault et al., 2000), the Languedoc and the Massif Central (Bridault and Fontana, 

2003), and the Pyrenees (Barbaza, 2011). 

The onset of the PB brings about an abrupt change in subsistence practises, with a varied 

response from region to region (Straus, 1991). Reindeer almost disappeared and roe deer and 

wild boar become common within faunal assemblages for the first time. Horse disappeared 

during this period (Straus, 1991; Mussi and Peresani, 2011), and aurochs possibly replaced 

bison, while fish and molluscs seem to be of increasing importance, continuing the trend from 
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the Allerød and YD (Straus, 1991). This dramatic change is also seen in Italy, where ibex 

hunting grounds were only found in the refugia of higher mountains, whereas they were 

previously found at lower altitudes (Mussi and Peresani, 2011). 

Marín-Arroyo’s (2013) study on the responses to the Holocene warming found that along the 

Cantabrian coast there was an increase in diet breadth, but with less ungulates species 

exploited, which could only be explained if the population density of previously hunted 

species, mainly red deer and ibex, had significantly decreased, and a greater variety of other 

non-ungulate species were introduced into their diet to compensate. Marín-Arroyo (2013) 

believe intensification of marine and lake resources were not sufficient enough to explain the 

decrease in ungulate exploitation as the amount of energy provided (as far as the available 

archaeological record is concerned) and that there is clear evidence of ungulate over-

exploitation during the YD and Early Holocene, such as the increase in the hunting of juvenile 

individuals, the reduction in the exploitation of ungulates, and the enlargement of catchment 

areas. Estévez (2005) and Marín-Arroyo and González Morales (2009) suggest a rapid 

decrease in temperatures during the PB, caused by the sudden interruption of the North 

Atlantic oceanic circulation from 11,000 to 8000 cal BP, might have caused a catastrophic 

reduction of terrestrial resources that in turn could have dramatically affected the Cantabrian 

human populations. This kind of climatic instability could have been the cause of the collapse 

in the ungulate populations that were simultaneously being overhunted by human 

populations in some regions. Marín-Arroyo (2013) believes this kind of rapid resource 

depletion would have forced human groups to migrate to other, less affected, areas for 

survival. This is one example of the effects of the climatic instability during the PB (discussed 

in Chapter 1), which may be responsible for the almost universal evidence of major shifts in 

subsistence and settlement strategies during the Early Holocene rather than the generally 

more climatically severe YD.  

 

7.5 - Summary of the Northwest and South European Faunal Evidence  

Overall, it seems the availability and exploitation of fauna in the south was very different from 

that in the northwest. There is little evidence across south Europe (with the exception of the 

pre-Pyrenees region in France) of any significant change in faunal species composition from 
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the Allerød to the YD, with red deer and ibex being the predominately exploited species in 

both periods, and no cold climate ungulate signal at all is evident in northern Spain (Straus, 

2011). However, there is evidence in northern Spain for a potentially catastrophic decrease 

in ungulate populations at the end of the YD that caused a shift to a diet more focused on 

marine resources. Conversely, in the northwest of Europe, there appears to be a rather more 

uniform transition of warm climate fauna during the Allerød, to cold climate fauna in the YD, 

and a return and expansion of warm climate fauna with the onset of the PB. This asks the 

question, if there was no major change in species composition and exploitation from the 

Allerød to the YD in south Europe, why is there a small, but apparent, change in mobility 

strategies from more logistically mobile populations in the Allerød to more residentially 

mobile populations in the YD? This might be related to hunting game species in different 

environments, as the same species (mainly red deer and ibex) must have been a different 

prospect to hunt in a more open landscape compared with a densely forest one. This contrasts 

with the northwest where there was a complete replacement of major game species, such as 

red deer, to reindeer, in a cold and open landscape. This must have necessitated a distinct 

shift in mobility, which is seen from the analyses in this thesis.  

It has also been shown in Chapter 5 that the major changes in hunter-gatherer mobility 

behaviours in the south again only occur during the Holocene, not the YD, in which the only 

statistically different and dramatic changes in mobility occur during the PB, where there is a 

large shift to a more logistical system.  

The difference between the northern Spanish and the southwestern French faunal records 

would be interesting to investigate to see if the indicators of this study would highlight 

different responses to the different subsistence strategies most likely employed in these 

regions. However, the French sample in this study is very small, and probably has little bearing 

on the results, which predominately consist of sites from Spain and Italy, both regions of 

which have an absence of reindeer, and rely heavily on red deer and medium-sized ungulates. 

This may be a good candidate for continued future research. 
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7.6 - Initial Conclusions 

The results of this study show human populations can continue to survive in a variety of 

conditions, and adapt accordingly to changes in their environment. There is no strong 

evidence there is any kind of mass migration from the harsh conditions in the north of Europe 

during the YD, but strong evidence suggesting they remained in the region and changed their 

settlement and subsistence strategies to exploit new cold adapted species, which replaced 

previous warmer climate species. In the south, there is little evidence human populations 

dramatically changed their behaviour with the onset of the YD, despite the distinct changes 

in climate and environment. However, the warmer climate faunal species were not replaced 

with the onset of the YD. Thus, it appears changes in mobility are more related to the 

differences in the faunal species present within a region, than to the changes in climatic and 

environmental conditions, and that faunal species only appear to significantly change in 

regions affected by extremes in climate change. These conclusions are based on a narrow set 

of data, focusing solely on changes in stone tool compositions. Thus, it is important to 

compare these results with other studies into the YD, and other major climate change events, 

in order to put this study into context. 

 

7.7 - Comparative Studies in Northwest and South Europe 

Firstly, comparisons will be made with other studies within the same regions of northwest 

and south Europe, and expand to other regions in Europe and then globally. Unfortunately, 

studies into hunter-gatherer mobility changes related to the YD in northwest Europe are 

sparse, with the majority of studies focusing on the Late Glacial/Early Holocene with only brief 

mentions of the YD, mostly recognising its existence and glossing over any potential 

importance it may have had on human evolution. However, in comparison, there is a much 

larger body of literature (especially more modern literature) in the south of Europe, which 

allows an in-depth discussion. 

In the U.K. Pettitt and White (2012), hypothesise the evidence (or scarcity of) strongly suggest 

there was a marginal occupation of the U.K. during the Allerød, noting the greater interest in 

open-air sites, and with the advent of the YD, the human occupation was even more marginal, 

and inferred cave use stopped during this phase. Thus, they believe human occupation in this 
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region was likely limited to nothing more than a few months towards the end of the period 

during the YD. However, they support the Long Blade industry as a facies of the Ahrensburgian 

on the continent. They also show Federmesser populations during the Allerød appear to have 

shifted to a strategy focusing more on localised raw materials compared with the previous 

Bølling phase, which then shifts to a strategy focused more on non-local materials into the 

YD. They support this with evidence from the Vale of Pickering in Yorkshire, which seemingly 

suggests ready-made tools were imported and supplemented by a small number of blades 

and cores sourced from the east of Doggerland. This, they argue, represents a strongly 

different strategy to the previous populations which used local flint, and interpreted this as a 

strategy of provisioning groups in a flexible mobility strategy in which there was no need to 

schedule specific trips to obtain lithic resources. However, Lewis and Rackham (2011) find at 

the site of Three Ways Wharf, that tools were manufactured from mostly local river cobbles 

in southern England, this behaviour is also seen at Avington (Froom,2005), which suggest a 

variety of raw material sourcing strategies may have been utilised. Pettitt and White’s (2012) 

vision (rightly based on the empirical evidence) of YD human occupation during the YD, seems 

to be one of highly mobile and brief occupations in the U.K, which one might suggest suits 

short, targeted, logistical forays in this region. However, despite this lack of evidence in the 

U.K., I strongly believe the majority of sites from this period have not been found or 

recognised, as the number of professional excavations targeting this period in the U.K. are 

few and far between. Conditions and available faunal species, especially in the south of 

England, were very similar to those in northern France, Belgium, and the Netherlands during 

the YD, so why should the settlement be any different?  

In northwest Europe, Barton (1991) stresses there was a lack of significant changes in the 

toolkits from the Allerød through to the early PB in the U.K. evidence. There are only major 

changes in tool technology evident around the late/mid PB, and he believes this coincides 

with the expansion of closed forest and rise in hazel, along with the appearance of woodland 

fauna in hunting assemblages. This period also saw the introduction of axes/adzes, which he 

believes to be directly related to the expansion of dense forest and human woodworking. 

Thus, changes in human behaviour seem to have been made necessary due to the spread of 

denser woodland in areas of northwest Europe, rather than to dramatic changes in 

environment and game species. This finding of technological continuity through the majority 
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of the period of this study might lead one to conclude that there was no major change in 

mobility between the Allerød, the YD, and potentially the PB. However, this is not what is seen 

from the results of my study, in which there appear to be clear changes from a more 

residential strategy during the Allerød, to a more logistical strategy during the YD. The PB sees 

a shift back to a more residential strategy, but this is much more subdued compared with the 

Allerød/YD mobility shift, with several similarities to the YD tool compositions. Perhaps this 

provides supporting evidence for a continuity in tool technologies at least from the YD into 

the part of the PB (which is further supported by the continuation of the Long Blade industry 

in the U.K., Netherlands, Belgium, and northern France [Lewis and Rackham, 2011; Froom, 

2005; Jacquier, 2014]), and the Ahrensburgian in the Netherlands, Belgium, and northern 

Germany (Mithen et al., 2015; Deeben and Schreurs, 2012) that persist from the YD into the 

mid/late PB). However, there was a major break in the faunal game species during the YD (i.e. 

from red deer to reindeer) in the northwest, as one would predict, resulted in a distinct 

change in technological organisation. It appears that this reorganisation, if it occurred, 

involved the adaptation of the same technologies, rather than the invention of new ones, or 

that a change in toolkit is yet to be discovered.  

Crombé et al. (2014) claim the site of Ruien, Belgium, perhaps provides evidence of an abrupt 

change in tool manufacturing techniques with the onset of the YD. This technology is 

characterised “by the use of a soft stone hammer and the production of straight and regular 

blade(let)s from intensively prepared cores with two opposite platforms and sharp striking 

angles” (Crombé et al., 2014: 420). They also find there was an increase in raw material 

procurement networks and a marked microlithisation of hunting tools. This marked increase 

in microlithisation can be seen from the results of the data presented in Chapter 4, but is 

followed by an even more pronounced microlithisation from the YD into the PB, so this is 

unlikely to be related solely to climate change. There is no evidence from the results that 

show a difference in long distance procurement in raw materials between any of the periods. 

The results of Crombé et al. (2014) study are based on one, small, site in Belgium, and cannot 

be considered representative of all sites belonging to the YD. Thus, large-scale interpretations 

into changes in YD human behaviour cannot be made, but it is interesting that potential, 

subtler, changes in tool technologies are starting to be recognised during the YD.  
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Eriksen (1996) finds in northwest Europe, compared with the Allerød, the YD organic 

assemblages of the Ahrensburgian tend to be very large and dominated by Reindeer, while 

Allerød assemblages are smaller and dominated by elk. One example of these larger YD camps 

is the Ahrensburgian site of Stellmoor, which has been interpreted as an aggregation camp, 

and the strong evidence of the use of bow and arrow technology at this site appears to be 

distinctly different from the previous Federmesser population’s whole likely relied on spears 

and spear throwers. This finding of larger camps during the YD, might support the findings of 

this study that north-western hunter-gatherers were more logistically mobile, possibly 

representing base camps, and that the smaller sites during the Allerød represent smaller 

mobile camps in a residential strategy. However, there is no strong evidence from this study 

suggesting there are any statistically significant differences in site/excavation size of the 

analysed sites through any of the periods. 

Jones’ (2016) study into the Broad Spectrum Revolution in southwestern Europe, used 

differences in site elevation variance to observe any changes in mobility behaviour. She 

hypothesised, if site elevation variance is high, sites are dispersed across a variety of 

elevations; and if variance is low, they are concentrated at a particular range of elevations. 

This leads to the predictions summarised below: 

 

Residential mobility > Predictable resources > Frequent movement > High site altitude 

variance 

Logistical mobility > Less predictable resources > Infrequent movement > Low site altitude 

variance 

(Jones, 2016)  

 

Thus, if a region contains a high site elevation variance, she predicts a patchy environment 

and a more residential strategy should be employed. Conversely, if a region contains a low 

site elevation variance, this suggests resources are more scattered across the landscape less 

predictably, and thus populations may have practised a logistical strategy. Her results found, 

with the exception of southern France, there was no significant evidence to suggest site 

elevation variance changed through time in the Late Upper Palaeolithic in S.W. Europe. 

However, there does seem to be an increase in variance, which she associates with an 
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increase in residential mobility, during the Epi-Palaeolithic, which includes the YD (Jones, 

2016). Unfortunately, the YD is not treated as a separate entity, so a direct comparison to this 

author’s study is difficult, but does potentially agree with the findings here, that south 

populations during the YD were more residentially mobile.  

 

When observing the altitude variances of assemblages from this study, there are distinctly 

higher variances in the south sample. This difference is notable between the variances of the 

whole datasets and between each climatic phase (see Table 7.1). According to Jones (2016), 

this would support the findings of this study, in that the south assemblages are generally more 

residentially mobile than the northwest populations. However, the variance of the YD in both 

samples are lower than the Allerød and PB, which suggest, according to Jones (2016), they 

are more logistically organised during this period. This supports the finding here, in the 

northwest sample, but does not agree with the findings of the south sample, although the 

difference in variance between the Allerød and YD is comparatively small and might represent 

little change in mobility between these periods, in which case this offers a level of support. 

The PB in the south also has a considerably higher variance than the YD and the Allerød, 

suggesting populations during this period were much more residentially organised in the 

south. Her results contradict the findings in this thesis, which found the populations during 

the PB were distinctly more logistically organised. Interestingly, in the northwest there 

appears to be a more subdued increase in variance from the YD into the PB, compared with 

the Allerød into the YD, and in the south, the Allerød, and YD appear to have relatively similar 

variances, while the PB has a distinctly higher variance. These differences seem to be a 

characteristic between these periods in the majority of the analyses in this study, although 

their interpretation relating to the exact form of mobility organisation is not always 

consistent. This also tentatively agrees with Jones (2016) that there is no significant change 

in variance in the Late Palaeolithic in south Europe, although there does appear to be some 

evidence for a slight decrease from the Allerød into the YD. 
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 N.W. Altitude Variance South Altitude Variance 

Whole Dataset 6939.466 264159.707 

Allerød 8300.111 199524.464 

YD 4450.089 155756.637 

PB 5204.192 431898.062 

(Table 7.1: Comparison of the variance of altitudes of sites between the northwest and 
south European samples) 

 

 

The comparison of altitude variance also questions how site altitudes change in the northwest 

and south European datasets. Looking at the mean altitudes of sites in this study from both 

regions (Tables 7.2-7.7) there is a distinct difference in the average altitude between the 

northwest and south regions, which is a result of the different geology of the regions. The 

south region is much more mountainous than the lowlands of northwest Europe, and thus, a 

direct comparison of altitudes is not feasible. However, notably, there is no statistically 

significant difference in mean altitudes across any of the climatic phases in the south, 

suggesting little change in human habitat ranges in response to climate change. These results 

are similar to those found from other research in this region, in that there is no observable 

difference in altitudes between the Allerød and YD. However, the fact there is also no 

observable difference into the PB is surprising, as this period is considered to be a time of 

major subsistence change. In comparison, in the northwest, there is a statistically significantly 

lower mean altitude in site location during the PB, especially when compared with the 

Allerød. This suggests populations during the early Holocene in the northwest located their 

sites at lower altitudes, which might be expected in a more residential strategy. This is 

contradictory to many of the results of this study, which appear to suggest populations during 

the PB were notably more logistically mobile than the Allerød. There is no observable, 

statistically significant, response in altitude of sites from the Allerød into the YD in the 

northwest, which would have been expected with a shift to a more logistical strategy in 

harsher conditions, but this appears not to be the case. However, the mean altitude is notably 

lower than the Allerød, which is also surprising, as a more logistical population would be 

expected to make use of a wider range of altitudes within a landscape at any one time. 
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Northwest Europe Mean Altitudes 

 µ n σ σ2 

Whole Dataset 65.161 262 83.303 6939.466 

Allerød 79.817 83 91.105 8300.111 

YD 62.770 48 66.709 4450.089 

PB 49.581 74 72.140 5204.192 

(Table 7.2: Mean altitude in northwest European assemblages for the whole dataset and 
each climatic phase) 

 

The results of the Kruskal-Wallis rank sum test (H(2) = 16.693, df = 2, p-value = 0.0002), show 

there is a significant relationship between mean altitudes between climatic phases in the 

northwest dataset. A MW-U test (table 7.3) confirms the Allerød and YD are significantly 

different from the PB, and is further confirmed by Dunn’s test (Table 7.4). 

 

 U p Significance 

Allerød and YD 2234.5 0.247 Not significant 

YD and PB 1260 0.007 Significant  

Allerød and PB 4173 0.0001 Significant  

(Table 7.3: Mann-Whitney U test for significance between the northwest European 
assemblages mean altitudes) 

 

 Z p Significance 

Allerød and YD 0.976 0.493 Not significant 

YD and PB -2.508 0.018 Significant  

Allerød and PB 4.014 0.0001 Significant  

(Table 7.4: Dunn’s Test with Bonferroni correction for significance between the northwest 
European assemblages mean altitudes) 
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South Europe Mean Altitudes 

 µ n σ σ2 

Whole Dataset 647.735 136 513.965 264159.707 

Allerød 555.261 46 446.682 199524.464 

YD 663.595 37 394.660 155756.637 

PB 757.442 43 657.190 431898.062 

(Table 7.5: Mean altitude in northwest European assemblages for the whole dataset and 
each climatic phase) 

 

The results of the Kruskal-Wallis rank sum test (H(2) = 1.7675, df = 2, p-value = 0.4132), show 

there is no significant relationship between the mean altitudes between climatic phases in 

the south dataset. This is confirmed by the MW-U test (Table 7.6) and Dunn’s test (Table 7.7). 

 

 U p Significance 

Allerød and YD 720 0.232 Not significant  

YD and PB 795 1.000 Not significant  

Allerød and PB 858 0.284 Not significant  

(Table 7.6: Mann-Whitney U test for significance between the south European assemblages 
mean altitudes) 

 

 Z p Significance 

Allerød and YD -1.147 0.377 Not significant  

YD and PB -0.063 1.000 Not significant  

Allerød and PB -1.127 0.389 Not significant  

(Table 7.7: Dunn’s Test with Bonferroni correction for significance between the south 
European assemblages mean altitudes) 

 

In the south, Aura et al. (2011) found the distribution of sites during the Allerød and YD are 

virtually identical and are essentially all in caves and rockshelters, while open-air sites notably 

increase during the Mesolithic. There are a large number of sites dated to the YD overlying 

sites dated to the Allerød, which suggests there is a continuity in settlement choices between 
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these two climatic phases (Straus, 1991; Straus, 1996; Aura et al., 2011). Both the Allerød and 

YD sites are distributed between lowland and highland zones, with sites on the coast, and also 

in mountain areas, even above 1000 masl (Straus, 1991; Aura et al., 2011). However, there is 

a relative paucity of YD sites in the high Pyrenees. Overall, it appears the same kinds of 

decision making were made by hunter-gatherers in choosing locations of sites in these two 

periods (Straus, 1991; 2011). 

The data from this study may support the argument that in the south, cave sites are the 

dominant site type during the Allerød and YD, and there is a notable increase in open-air sites 

containing lithic assemblages into the PB (Fig 7.2). In comparison, the majority of sites with 

lithic assemblages during the Allerød, YD, and PB in the northwest in this dataset, are from 

open-air sites (Fig 7.1), which may indicate a significantly different settlement organisation 

was in place in northwest Europe, even during the warmer interstadials. However, there 

appear to be notably more cave sites containing lithic assemblages in the Allerød (n = 11) and 

YD (n = 10), than during the PB (n =1). 

In the data evaluation in Chapter 3, it was found that a large proportion of cave sites with 

lithic assemblages were discovered pre-1960 and were thus excluded in the B/T ratio analysis, 

as there was a notable bias towards tool recovery over blanks, but perhaps cave sites naturally 

have a lower number of blanks as a component of site function. Does the fact the majority of 

sites in the south sample are from cave sites, explain the differences seen in tool assemblage 

compositions and the interpreted mobility strategies? 

The Gamble et al. (2004) study found there was a distinct increase in the numbers of open-

air sites into the YD in northwest Europe, relying on the C14 date frequency data. They express 

this in terms of settlement patterns, in which there was a move to larger aggregation 

campsites during the YD, from more scattered occupations across larger regions during the 

Bølling-Allerød, shown by habitual use of caves and rockshelters. They note it is interesting 

that the preferred settlement pattern during the Holocene was also for open locations. These 

observations are not supported by my data, where there is no observable change in the 

numbers of cave and rockshelter sites containing lithic assemblages from the Allerød into the 

YD, although open-air sites dominate both these periods. It is the environmental conditions 

of the PB where we see almost all lithic assemblages are from open-air sites. However, the 



 

255 
 

Gamble et al. (2004) observations are also not refuted by this study, as this dataset does not 

include sites that lack lithic assemblages and contain only organic artefacts and/or remains.  

(Fig 7.1: Percentage of cave and open-air sites containing lithic assembalges in northwest 
European sample) 

 

(Fig 7.2: Percentage of cave and open-air sites containing lithic assembalges in south 
European sample) 
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The statement that there is a shift to larger aggregation camps during the YD is also not 

supported, there being no statistically significant difference between site/area of excavation 

sizes of the Allerød and the YD periods (Table 7.8). However, the Allerød has notably higher 

mean site sizes, which if anything, suggests sites during the YD were smaller than those in the 

Allerød, not larger as Gamble et al. (2004) hypothesise. There is evidence for a statistically 

significant difference between the YD and PB, where the PB have larger site sizes, which might 

explain the dominance of open-air sites during this phase if one assumes large sites are not 

located within caves.  

 µ n σ σ2 

Whole Dataset 3743.730 154 21811.329 475734062.800 

Allerød 8532.098 48 37421.651 1400379993.000 

YD 1305.710 31 4131.422 17068649.150 

PB 2753.390 43 10618.024 112742435.100 

(Table 7.8: Mean size of site/area of excavation in m2 for each of the climatic periods in 
northwest Europe) 

 

The results of the Kruskal-Wallis rank sum test (H(2) = 4.0783, df = 2, p-value = 0.1301), show 

there is no significant relationship between the mean site sizes/area of excavations between 

climatic phases in the northwest dataset. However, the sites from the YD are statistically 

significantly smaller than those of the PB in the MW-U test (Table 7.9), but no statistical 

significance was found using Dunn’s test (Table 7.10). 

 

 U p Significance 

Allerød and YD 893 0.136 Not significant 

YD and PB 850.5 0.044 Significant 

Allerød and PB 976 0.659 Not significant 

(Table 7.9: Mann-Whitney U test for significance between the northwest European 
assemblages mean site size/area of excavation) 
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 Z p Significance 

Allerød and YD 1.557   0.179 Not Significant  

YD and PB 1.960 0.075 Not significant 

Allerød and PB -0.491 0.935 Not significant 

(Table 7.10: Dunn’s Test with Bonferroni correction for significance between the northwest 
European assemblages mean site size/area of excavation) 

 

Straus (1991) finds that many important base camps were located in the coastal zone of 

Franco-Cantabria during glacial conditions such as the YD, where logistical forays were 

organised into the upland regions to hunt ibex or red deer. He predicts, under these 

conditions, ibex may have descended farther in winter and red deer ascended less in summer 

than in interstadial periods. Thus, he believes inland sites used in winter for specialist ibex 

hunting during the YD, could have been used in summer during the PB for red deer hunting 

(Straus, 1991). He, strongly suggests populations during the YD would have practised a more 

logistical system with specialised inland ibex hunting, but this is not what we see from the 

tool assemblages in this study, which suggest a slightly more residential behaviour during the 

YD, or very little change in mobility at all, from the Allerød to the YD. This is more in line with 

many studies in which we see little change in faunal availability and hunter-gatherer prey 

choice between the Allerød and the YD in the south of Europe (Straus, 1991; Straus, 2011; 

Barbaza, 2011; Aura et al., 2011). This is supported by studies, such as by Marín-Arroyo (2009), 

that propose greater sedentism would explain the evidence for seasonal specialisation in 

settlements belonging to the Magdalenian, while there appears to be diversification during 

the YD, despite more severe climatic conditions. 

Further evidence for human population continuity is seen in the numbers of sites in northeast 

Spain, which are very similar between the Allerød and YD, and the YD does not seem to have 

affected hunter-gatherer population demographics. Instead the most obvious changes in 

stone tool manufacturing techniques, subsistence, mortuary practices, and art, date to the 

Early Mesolithic (Aura et al., 2011). During this period, there are new tool styles, a shift 

towards forest subsistence exploitation, and the end of the portable art tradition. Aura et al. 

(2011) believe this to signify a major increase in social complexity linked with changes in 

demography during the amelioration of the Holocene. This may be supported from the results 
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of this study, which finds the only distinct and significant shift in tool compositions occur in 

the PB in the south dataset. However, this is not to say there were not important changes 

seen in YD populations in south Europe. Aura et al. (2011) see three important cultural 

changes with the onset of the YD in south Europe; the end of the Palaeolithic parietal art and 

portable art; the abandonment of bone and antler as a raw material for complex tools and 

ornaments; and a general trend towards microlithisation. These changes might be 

represented by the possible, slight, increase in the level of residential mobility during the YD 

in the south dataset.  

In Italy, Mussi and Peresani (2011), highlight the wide range of environments settled by 

human populations during the YD, ranging from coastal areas, river valleys, lake basins and 

high mountain ranges (as high as 1500 masl). They found, in the pre-Alps, the same mountains 

and high elevation hunting grounds were occupied between the Allerød and YD, similar to the 

behaviour seen in northern Spain. However, there is evidence of changes in settlement 

patterns, with the utilisation of smaller, and shorter occupied camps, during the YD compared 

with those in the previous Allerød (Mussi and Peresani, 2011).  From this, they conclude, 

although there were markedly colder conditions during the YD, there is limited evidence for 

hunter-gatherer stress in Italy, even in high altitude Alpine areas. In the alps, it appears some 

earlier, Allerød, sites were no longer in use during the YD, where new, smaller camps, 

occupied for shorter periods, were favoured. This suggests the same areas were occupied, 

but within a different, more mobile strategy. Overall, they conclude hunter-gatherers were 

remarkably resilient in the face of climate change in Italy (Mussi and Peresani, 2011), much in 

the same way as in northern Spain and southern France, and further supports the finding from 

this study that more mobile strategies were employed during the YD in south Europe. 

Jones’ (2009) study into zooarchaeological remains at the site of Pont d’Ambon, south France, 

found human populations consistently exploited a large number of smaller game in a 

broadening diet that was in place since the Allerød. These assemblages are frequently 

dominated by wild rabbits rather than large game, which is unusual for this region. There is 

no evidence for reindeer at this site, and the large ungulates consist mainly of red deer, 

aurochs, and horse. European rabbit, a warm climate species, commonly exploited during the 

Allerød (comprising up to 90% of the faunal assemblages), persist into the YD, despite the 

significant decrease in annual temperature and precipitation. Their persistence during this 
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colder phase is thought to be due to summer temperatures not being severely affected. 

However, a significant decrease in patchiness to open grassland would have significantly 

affected the European rabbit’s habitat and lowered their populations. She believes the human 

response to this appears not to shift to the exploitation of larger game in this colder climate 

as did the previous Magdalenian populations of the region, rather to intensify their use of the 

decreased European rabbit populations, evidenced by increased taking of juveniles, and 

increased frequency of cutmarks, and marrow processing. This provides evidence of a 

significant shift in subsistence practice that can be related to the changing climate and 

environment during the YD. Jones (2009) notes another response seems to be that fish 

decreased in relative abundance, while rabbits and birds increased. This shows a change in 

subsistence organisation as a response to exploiting the same species, but in a different 

environment, but there was unlikely to be a significant change in mobility, at least relating to 

faunal exploitation, but simply an intensification of an already heavily utilised resource. This 

might be evidence for the importance of subsistence traditions within hunter-gatherer 

populations. Rabbits were a reliable source of food for their ancestors and they continued to 

heavily exploit them as they persisted into the YD, albeit in smaller numbers, rather than shift 

to higher return, larger game animals. 

Finally, one of the most distinct differences between the north-western and southern Europe 

is the extent of the mountainous terrain in the south. Garcia-Guixe et al. (2009), highlight the 

human colonisation and occupation of mountain regions in the Lateglacial is a highly complex 

issue when presenting their research from the site of Balma Guilanya in pre-Pyrenees Spain, 

stating the fragmented nature of mountain environments can stimulate plant and animal 

biodiversity, which can provide a variety of subsistence opportunities for hunter-gatherer 

populations. However, they importantly note these potential subsistence opportunities were 

only generally available during brief or seasonal periods and, consequently, the human 

occupation of these regions would have required planning and scheduling to determine when 

and where to move to optimise the exploitation of these resources (Gamble, 1993, cited in 

Garcia-Guixe et al., 2009). This predicted planning and scheduling would suggest populations 

that exploited these landscapes would have had to practise a more residential strategy (at 

least when defined by the theories around cost, risk, and anticipation described in Chapter 2) 

and might be responsible for both the generally greater residential mobility signal seen in the 
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south across all the periods of study, and the possible increase in residential mobility seen 

during the YD in the south.  

These studies all agree with the conclusions here that human populations had no issues in 

persisting within their respective regions during the climatic downturn of the YD, and that in 

the south there was little change in subsistence strategies, as many warm climate species 

continued to populate the region, but how do these conclusions compare with YD studies 

from farther afield? 

 

7.8 - Comparative Global YD Studies 

The global climate change associated with the YD affected different regions of the northern 

hemisphere in different ways. We have seen the harsh conditions seen over large parts of 

northwest Europe, and the comparatively subdued response in south Europe, but how did 

the YD affect human populations on other continents?    

 

7.8a - North America 

There is a robust and continually expanding body of research on the impact of the YD on 

Paleoindian populations in North America, providing a good comparison for the results of this 

study. Key case studies from several of the major regions within the U.S. will be presented 

here, and then discussed in terms of the findings of my research.  

Over large parts of the U.S., there was a distinct cooling during the YD, accompanied by an 

increase in moisture (Goebel et al., 2011; Ballenger et al., 2011; Anderson et al., 2011; LaBelle, 

2012; Meltzer and Holiday, 2010). Goebel et al. (2011) believe, in the Great Basin, this had a 

positive effect for hunter-gatherer populations, with wetter conditions in this region leading 

to the formation of shallow, but permanent lakes and a diverse number of faunal species. 

They see the YD in this region to be “…..one of the most favourable times for human foragers 

in this region of North America” (Goebel et al., 2011:479). However, Anderson et al. (2011), 

in the American Southeast, noted there are several sites that provide evidence for different 

climatic responses, with some regions warmer and wetter, while others colder and drier. This 

might show the potential for environmental enclaves with differing microclimates, which, as 
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has been seen in the research by Goebel et al. (2009) in the mountainous regions of northern 

Spain, may facilitate the development of varied faunal and floral species that require 

scheduling and planning to exploit, and thus might forward the prediction that populations in 

the American Southwest during the YD would be more residentially mobile. 

In terms of the lithic evidence, Goebel et al. (2011) find populations during the YD in the Great 

Basin region, manufactured stone tool assemblages that were mostly designed for longer 

curation, suggesting a more residential mobility was employed if we apply the expectations 

set out in Chapter 2 of this study, which is supported by their finding of evidence suggesting 

long-range transport of obsidian tools, the lack of caches suggesting short-term occupations 

of sites, and the limited use of local raw materials, which points to a “…..high-mobility 

settlement strategy in which whole groups moved to seasonally available resources” (Goebel 

et al., 2011:498). In another study in the Great Basin region, Smith (2011), used proportions 

of local and non-local lithic raw materials in Pre-Archaic and Archaic assemblages to ascertain 

the occupation length of sites across the Pleistocene/Holocene Transition, making the 

assumption assemblages should become increasingly dominated by local materials as 

occupation length increases, thus suggesting a less mobile population would have a higher 

proportion of local raw materials at a site, much as the predictions of raw materials and 

mobility set out in Chapter 2 of this thesis. They found there were lower local/non-local stone 

raw material ratios in the Pre-Archaic (which corresponds roughly with the YD and PB, before 

ca. 9500 cal BP), than compared with the Archaic (ca. 9500-6500 cal BP). This implies 

populations that existed during the YD/PB practised a higher level of mobility during the Pre-

Archaic. Smith (2011:461) believes “…..these trends were likely influenced by changes in the 

environmental and demographic climate of the Holocene”, most likely an increase in 

temperature and a decrease in precipitation after the YD. This decrease in rainfall led to the 

disappearance of most of the lakes and wetlands that developed during the YD, and thus 

would have had a major impact on human settlement organisation from a more mobile 

strategy during the YD, to a less mobile mobility strategy in the Early-Mid Holocene (Smith, 

2011). This again highlights that a more mobile, and possibly more residential, strategy was 

employed by hunter-gatherer populations during relatively favourable periods, while a less 

mobile, possibly more logistical, strategy was employed during less favourable conditions, 

much as Binford (1980) predicts, and that is assumed in this thesis. The results of Smith’s 
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(2011) study are similar to that seen in south Europe, in which case, one might presume this 

region of Europe had more favourable conditions for hunter-gatherer populations during the 

Allerød and YD, compared with the PB. This also supports and explains the results of this thesis 

that suggests, in northwest Europe, human populations practised a more logistical strategy 

during the YD, which was distinctly less favourable for human populations in this region 

compared with the preceding and subsequent Allerød and PB Interstadials.  

The study by Meeks and Anderson (2012), also provides evidence there appears to be a shift 

in land-use in the Southeast U.S. at the beginning and end of the YD, which they believe is 

directly related to this event. The numbers of sites and artefacts reported suggest human 

populations and land-use was relatively low at the beginning of the YD, while there appears 

to be a rapid increase in population along with an increase in land-use at the end of YD. This 

evidence suggests there were small groups of highly mobile populations in a more residential 

strategy at the onset of the YD, and presumably throughout, followed by a dramatic increase 

in population and thus potentially a decrease in mobility (possibly to a more logistical 

strategy) at the start of the Holocene, as is reported in other parts of the U.S. and southern 

Europe, and also in the results of this study in southern Europe.  A later study in the Southeast 

U.S. by Smallwood et al. (2015), who used point frequencies and raw material use as a proxy 

for human behaviour in the more localised region of Georgia, agrees somewhat with Meeks 

and Anderson (2012), in that they found, during the first few centuries of the YD, Georgia 

became sparsely occupied and populations became more concentrated around lithic raw 

material sources, while later in the YD, populations expanded, but with evidence of increased 

settlement away from the coastal plain and into more elevated areas towards the end of the 

YD (Smallwood et al., 2015). This suggests there were changes in human settlement 

organisation later within the YD, which fits the climatic evidence in Europe and many other 

parts of the northern hemisphere of a differing climatic signal in the second half of the YD, 

generally to a drier phase. Perhaps the initial response to the change to a wetter climate was 

to shift to a more dispersed and probably much more mobile strategy, and as the climate 

potentially became drier (and less favourable) in the latter half of the YD, a change to a less 

mobile strategy was a necessary adaptation. However, Smallwood et al. (2015), link this shift 

in land-use to the degradation of the coastal plain, as sea levels increased, and thus forcing 

populations to higher elevations. It may be of interest for future research in Europe to 
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attempt to monitor changes in mobility and changes in the condition of coastal plain zones 

with rising sea levels.  

Furthermore, LaBelle (2012) recognises three phases of human settlement patterns for the 

Pleistocene/Holocene Transition in the Plains and Rocky Mountains region, indicating there 

were human responses to YD climate change. These are; Colonisation; Clovis; and Folsom 

phases. In the colonisation phase, due to the small amount of discovered archaeological 

material, it appears the early populations in this region were small in number, highly mobile, 

and spent little time at sites, thus leaving little material remains (Labelle, 2012). This might 

suggest a more residentially mobile system would have been in place during this phase in this 

region. By contrast, in the Early YD dated Clovis phase (ca. 12,900-12,700 cal BP), there 

appears to be widespread human populations across the region, although in generally low 

frequencies. Labelle (2012) notes three distinct Clovis site types: Large numbers of small lithic 

scatters, usually containing a single Clovis point, and suggesting short-term and limited 

activity camps (LaBelle 2005); Tool caches, often containing large bifaces manufactured from 

raw material sources located up to several hundred kilometres away, which are interpreted 

as insurance caches related to initial or early colonisation of the region; and finally, very rare 

mammoth remains sites, which are often interpreted as kill sites. However, the Folsom lithic 

record, which can be directly associated with the YD, is dominated by small sites mostly 

containing isolated finds and small lithic scatters; less common, midsize sites, which have 

between ten and thirty points and preforms; and importantly, in terms of this thesis, a 

number of large residential base camps, which emerged in the region during this period 

(LaBelle, 2012). These large sites can contain up to at least 600 projectile points, in contrast 

to the earlier Clovis sites which contain sometimes a single point (LaBelle, 2012). LaBelle 

(2012), highlights Folsom groups are commonly argued to be highly residentially mobile based 

on the presence of non-local raw materials at sites. However, he finds that sites are beginning 

to be found indicating subtle regional differences between them, with some relying on non-

local raw materials, while others, relying almost entirely on local raw materials. This leads 

LaBelle (2012), to conclude there was no one response to the YD, rather a mixture of mobility 

and subsistence patterns in different regions. He goes further to say Folsom sites in this region 

are often clustered around mountain basins, which, based on climatic reconstructions, must 

have been cold and dry compared with adjacent regions in the area. He interprets this 
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settlement choice as evidence for logistical mobility, in which these sites were used for 

specialist tasks, away from a centralised base camp. Also, formal structures appear during this 

phase, and LaBelle (2012) believes this might indicate an adaptation to the colder YD, and 

supports his belief of the adoption of a less mobile mobility strategy. This belief by LaBelle 

(2012) of a more logistically mobile system during the YD in North America, disagrees with 

the majority of the studies presented here, that find a more mobile strategy was employed 

during the YD compared with the preceding and subsequent Allerød and PB, and disagrees 

with the opinion supported in this thesis that more favourable conditions (in this case 

conditions with higher levels of moisture) should promote a more residentially mobile 

strategy. This would suggest hunter-gatherer behaviour in response to the YD, at least in the 

U.S. Plains and Rocky Mountains, is similar to that of hunter-gatherer populations in the 

northwest of Europe, that were living in significantly colder, and less favourable conditions.  

Lastly, in North America, a study by Anderson et al. (2011) found the YD may have had a 

significant effect on hunter-gatherer population dynamics across North America. Multi-proxy 

evidence from frequency analyses of Paleoindian projectile points; time series of lithic 

assemblages from quarry sites; and summed probability analyses (SPA) of radiocarbon dates, 

show a major decrease in human populations (possibly indicating a population bottleneck), 

or alternatively a reorganisation in settlement, occurred over large areas of North America at 

the onset of the YD (which appears to be the case from the evidence of much of the Northern 

Hemisphere). This change appears to have occurred rapidly, with evidence in some areas of 

human population declines of up to 30%-50%. However, in the latter half of the YD, there is 

evidence for an increase in population, indicated by increased numbers of projectile points, 

increased quarry usage, and the SPA datasets in most areas in North America. They note, in 

contrast to the onset of the YD, this increase in population took place during a time of 

continued climatic cooling, suggesting other non-climate related factors were influencing 

these changes (Anderson et al., 2011). 

 

7.8b - Summary of North American YD Studies 

The human response to the YD in North America is clearly a complex issue. The consensus is, 

there was a distinct shift in human settlement and subsidence behaviour, appearing to 
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coincide with the YD. However, the exact response is highly variable from region to region, as 

one might expect in a country with such a wide-ranging geographic topography as North 

America. It is widely considered populations during the YD in this region were highly 

residentially mobile, in colder, and wetter conditions. In fact, the YD over much of the U.S. 

appears to be a much more favourable period for hunter-gatherers, especially in contrast to 

populations in the northwest of Europe. This agrees with the theory of favourable conditions 

promoting more residentially mobile groups, and tentatively fits with what we see in the 

south European record, in which populations appear to be more residentially mobile during 

the YD compared with the northwest. This interpretation of highly mobile populations in 

North America has been constructed through evidence of a high number of small, more 

ephemeral camps. However, LaBelle (2012) shows there are distinct site types in Folsom 

groups in the Plains and Rocky Mountains, and even evidence for structures. This evidence 

appears much more in line with more logistically mobile groups, especially when mountain 

basin camps were in drier, less favourable areas than nearby adjacent areas, and it seems 

unlikely they would have lived in these regions for long periods of time. If this is the case, then 

the response to more favourable conditions seems to be a shift to more logistically mobile 

strategies. However, in-depth analysis of available fauna seems to be limited in the American 

literature alongside artefact analyses, and the interactions of hunter-gatherer populations 

with hunted fauna is vital to understand choices in mobility behaviour. However, several 

papers (Anderson et al., 2011; LaBelle, 2012; Smallwood et al., 2015; Meeks and Anderson, 

2011) suggest a distinct decrease in population at the onset of the YD, with a recovery in the 

latter half, or at the terminus and into the Holocene. This distinct decrease at the onset of the 

YD is widely seen across the Northern Hemisphere, but relies too heavily on radiocarbon 

dated remains which suffer from a variety of problems, such as sampling biases, radiocarbon 

dating contamination/inaccuracy, and preservation of organic material.  

Whatever the mobility response type, it appears hunter-gatherers react more strongly to 

changes in precipitation and moisture in North America, which is supported by the evidence 

from northwest Europe. The European northwest climatic and environmental data suggests 

the first half of the YD was cold and dry, while the second was cold and wet. It was found in 

my earlier MPhil research (Andrews, 2012, unpublished MPhil thesis) that in the UK, Belgium, 

and the Netherlands, there was a distinct decrease in radiocarbon dated sites from the 



 

266 
 

Allerød into the first half of the YD, associated with drier conditions and the lowering of lake 

levels, and a notable increase in sites during the second half of the YD, which corresponds to 

wetter conditions and increasing lake levels. There was also evidence for decreases in site 

numbers that appear to coincide with drier conditions during the PBO, where again lake levels 

decreased. Unfortunately, due to inconsistent dating of the assemblages within my current 

research, sufficient sample sizes of sites allocated to the first and second half of the YD were 

not possible to collect. In many cases, the assemblages were loosely stratigraphically dated 

or pollen dated to the YD, or assigned by cultural association of projectile points, rather than 

directly radiocarbon dated. It is important for future research to attempt to reliably date 

assemblages to these phases of the YD to see if there are differences in mobility related to 

the changing levels of moisture within this period. 

It is also important to understand the latitudinal location of the U.S. analyses to compare the 

European evidence. The Rocky Mountains region is around 44°N, the Southwest around 32°N-

43°N, the Southeast around 30°N-41°N, and the Great Basin around 36°N-42°N. This is in 

comparison with the northwest European region of this study which is around 46°N-57°N, and 

the south region around 40°N-46°N. Therefore, it is evident the majority of North American 

analyses are of a lower latitude than even the south European assemblages from this study, 

and much lower than the northwest European assemblages.  

 

7.8c - YD Research in Other Regions 

Finally, key case studies from other regions in the Northern Hemisphere, outside of the 

Americas, will be presented and then discussed in terms of this study to further see the global 

understanding of the hunter-gatherer response to the YD. 

The climate evidence from Japan (Nakazawa et al., 2011; Sato et al., 2011), China (Elston et 

al., 2011; Morgan, 2015), and Siberia and Eastern Russia (Buvit and Terry, 2011; Vasil’ev, 

2011) show a distinct change in climate to a colder and drier climate during the YD. In Japan, 

this change brought about an increase in seasonality, with longer winters and shorter 

summers, decreased plant productivity, and decreased abundance of mammalian species 

(Nakazawa et al., 2011; Sato et al., 2011), and these changes, like that in the U.S., appear to 

correlate with a decrease in, or reorganisation of, human populations. Nakazawa et al., (2011) 
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believe this decline in plant and mammalian species would have resulted in resources 

becoming patchy within the environment, and thus human populations would have changed 

their subsistence strategies to exploit resources within geographically dispersed patches 

located in a variety of environments, from lowland plains to highland mountains. Also, due to 

the mountainous terrain of Japan, they predict human populations would have favoured 

lower elevations during the colder conditions of the YD. However, they found little evidence 

from their results to support this, with no distinct changes in site locations, with high altitude 

sites still being occupied, although there is some evidence suggesting they did favour lower 

elevations. There was also no evidence of a change in latitude of sites, suggesting there was 

no southerly migration from the more mountainous regions in the north. This is similar to the 

European data, where there is no evidence of a southerly population migration by hunter-

gatherer groups in northwest Europe. Nakazawa et al. (2011) do find evidence that the use of 

pottery, which begun in the Bølling-Allerød in Japan, was reduced in the YD, but the major 

change occurred in the PB where there is the first evidence for largescale pottery 

manufacture, suggesting this major shift occurred after the YD and not as a result. This again 

shows the major shifts in technology organisation occur within the Early Holocene and not as 

the result of the YD. Again, it should be noted Japan is roughly around 31°N-45°N, which is 

lower than most of the assemblages in the northwest and many of the south European 

datasets. 

In northern China, Elston et al. (2011) predict, during the YD, there would have been a 

decrease in the broadening of the diet seen during the Allerød, along with a shift to higher 

level of mobility, related to declining primary (plant) productivity and an increase in steppe 

plant species. As in the Near East, in China, broadening of the diet and intensification has 

been linked with the origins of the shift from hunter-gatherer lifestyles to agriculture. 

However, their results found there was little change in plant-orientated intensification during 

the YD, and populations continued a lower mobility strategy and continued to focus on 

hunting, which would have ensured a higher return-rate in terms of energy. They found no 

compelling evidence there was any shift to a different mobility or subsistence strategy that 

could be related to the YD, and from this they (along with Morgan, 2015) believe the earliest 

date for the beginning of plant intensification, that would have led to agriculture, would have 

not occurred until after the YD, in the Early Holocene. It was only until the amelioration seen 
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during the Early Holocene, that there was a notable increase in the abundance of plant 

species, and they believe this should have resulted in an increase in the growth rates of 

human populations, leading to broader diets, long-term plant-oriented intensification, and 

finally to agriculture. Again, there are distinct similarities to the south European data in which 

there is no major change in hunter-gatherer behaviour that can be linked to the YD, and it is 

the onset of the PB that seems to have had the greatest effect on human populations, in terms 

of settlement, subsistence, and technological organisation. Northern China is around 40°N-

48°N, so the sites from this region are roughly equivalent in latitude to the south European 

dataset and the more northern areas of this region overlap with some of the assemblages 

from northwest Europe. 

This apparent lack of a major response to the YD is also seen in Siberia and the Russian Far 

East. Buvit and Terry (2011) and Vasil’ev (2011) both found strong evidence for a continued 

and relatively dense occupation across the region. However, Vasil’ev (2011) shows there is a 

notable decrease in human population in all major areas of southern Siberia, and presumably 

over much of the region, and much like the records of most of the Northern Hemisphere. 

However, he found there was a continuation in the diversification of hunting practices that 

began in the Late Palaeolithic in Siberia, along with evidence for the appearance of aquatic 

exploitation, while Buvit and Terry (2011) highlight the continuation of microblade, biface, 

and burin lithic technologies, although new technologies such as harpoons, composite tools, 

and pottery emerged in some regions during this period, but elements of these technologies 

had appeared before the YD (Vasil’ev, 2011). This again shows there is little evidence for any 

major changes in technological organisation that can be related to the YD, but the apparent 

decease in population may have led to, or represent, a shift in settlement organisation, 

presumably to that of a more mobile strategy.  

However, Buvit and Terry (2011), found the majority of evidence suggests there were no 

major behavioural shifts indicating stress occurred within human populations during the YD, 

and that before, and during the YD, settlements were almost exclusively located around river 

banks, where a variety of different resources could be exploited, possibly from seasonal base 

camps. This suggests a more logistical system was in place during both the Allerød and YD, 

and is supported by a few sites from both periods being associated with limited 

activity/special-task camps (Buvit and Terry, 2011). Buvit and Terry (2011) also found there 
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are a small number of terminal Pleistocene sites in Siberia, potentially indicating, an increase 

in human sedentary lifestyles, with evidence for a focus on a few key plant and animal species, 

but, as with evidence from the above case studies, it appears many of these changes occurred 

prior to the YD, and again not as a result (Buvit and Terry, 2011). Siberia and the Russian Far 

East are around 60°N and so are significantly higher than the assemblages in the northwest 

European assemblages, but we still see evidence for little change in human behaviour from 

the Allerød to the YD. Also, it should be noted, in the particularly cold and dry climate of 

Siberia, it appears human populations were practising a more logistical strategy, one that is 

indicated from the results of this thesis during the YD in northwest Europe, and in agreement 

with the predictions made by Binford (1980). 

Lastly, it is widely accepted the change in climate and environment during the YD in the Near 

East, facilitated the adoption of agriculture by forcing a shift to intensification due to 

subsistence stress (Bar-Yosef and Meadow, 1995; Zeder, 2011; Stiner et al., 2000). However, 

studies by Munro (2004 cited in Morgan, 2015) found the Early Natufian (12,800-11,000 cal 

BP) saw an increase in faunal diversity, with an increase in small animal exploitation, and more 

intensive carcass processing. In contrast, the Late Natufian (11,000-10,200 cal BP) saw an 

increase in the exploitation of larger fauna, which would have offered higher return-rates. 

She explains the cause of this shift is related to the decrease in human population density 

during the YD, and that shorter-term camps show an adaptation to increasing mobility during 

this period due to a decrease in animal and plant species, and increasing resource patchiness. 

Thus, she concludes the Late Natufian’s, who are seen as the “antecedents to agriculture” 

(Morgan, 2015;172), were practising a subsistence strategy of decreasing diet breadth and an 

increasing level of mobility (Munro, 2004, cited in Morgan, 2015). This is very different from 

the theories of broader diet breadth and high intensification strategies that are often thought 

of as a precursor to agriculture (Morgan, 2015), and again shows that a major shift in mobility 

occurred within the PB, rather than the YD, in which there was an increase in behaviours that 

had already began in the Allerød, and potentially throws into question the YD’s role in the 

adoption of agriculture. 
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7.8d - Summary of the YD in Other Regions 

The studies in other regions around the globe all seem to generally indicate a pattern of non-

response of hunter-gatherer populations to the YD. This is also concluded by Eren (2012), who 

believes there is currently little evidence for a connection between the YD and hunter-

gatherer cultural change. There appears to be few studies that observe a significant change 

in mobility as result of the YD, and there is no strong evidence mobility significantly changed 

in south Europe from this study. However, this thesis has found such a change occurred in 

northwest Europe, in which it seems there was a distinctly greater contrast between the 

warm interstadials of the Allerød and PB and the YD, which offers one potential explanation 

regarding the results found in this study. 

 

7.9 - Final Conclusions 

This chapter has discussed the results of this study in terms of climatic and environmental 

change and changes in faunal species. These results and interpretations were then compared 

with other YD studies in northwest and south Europe, then to other regions in Europe, and 

finally with global studies into the YD. The main conclusions from this discussion are: 

1. Mobility is not significantly affected by environmental change. 

2. Mobility is affected by floral and faunal change, probably related to the levels of 

extreme conditions, such as permafrost, deep snow, and drought (as seen in 

northwest Europe). 

3. The exact type of mobility is influenced by local/regional 

cultures/traditions/knowledge of what is considered the most efficient way to survive 

in certain conditions, and cannot be prescribed by climate/environmental/subsistence 

change. 

 

The results of this study strongly suggest mobility changes are not significantly affected by 

changes in environment related to climate change, but are more affected by extreme 

conditions of climate, such as deep snowfall, permafrost, and lack of available moisture, 

which more severely affect the floral and faunal species (supported by Dolukhanov, 1996). 

The generalised environmental response appears to be remarkably similar between the 
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northwest and the south European regions, with a marked drop in temperature (although not 

as severe in the south) and a dramatic opening of the landscape, but very different mobility 

responses were interpreted from their tool assemblages. The most significant difference 

between the regions was the severity of the conditions in terms of the presence of permafrost 

and the drying of the landscape, especially in the second half of the YD in the northwest. It 

should be noted that the geographical variability of the south may have had a part to play in 

providing localised areas of refugia, with more mountainous regions requiring a higher level 

of planning and scheduling of resource exploitation, but there has also been argued to be 

areas of refugia in the northwest (Coope and Joachim, 1980; Cordy, 1991; Terberger, 2004) 

and is not thought to be a major factor in the differences observed here. 

It is theorised humans can survive in very harsh conditions, and climate change does not have 

a major effect on the choices of where human populations decide to live, rather the ability of 

floral and faunal species to survive affects how humans are organised in the landscape. In the 

south, the landscape opened to a more steppe-tundra, much as in the northwest, but the 

preferred large game species (red deer) continued to be present, although in a different 

environment. There is evidence of a slight shift to a more residential strategy during this 

phase, which might be a response to hunting the same animals in a different landscape. It 

could also be argued there is no real significant change in strategies from the Allerød to the 

YD, which would suggest environment had no effect on how they chose to hunt and forage, 

despite these dramatic changes. In the northwest, the harsher conditions meant a major shift 

in animal species. Red deer could no longer survive in the region, and reindeer and horse 

thrived. The behaviour of these species are very different, as red deer are a much more 

stationary species, while reindeer and horse are highly mobile. Thus, the mobility organisation 

of humans was determined by the available animal species. However, caution must be 

advised when assuming that past animal species behaved in similar ways to their modern 

analogues, an assumption that cannot be verified at present. 

The PB is widely thought of as a period of amelioration after the harsh conditions of the YD, 

and would therefore be much more favourable for human populations. However, in the 

northwest, this does not appear to be the case according to the tool assemblage 

compositions. There is a more subdued return to a more residential strategy, which has more 

logistical components than the previous Allerød Interstadial, and there are many similarities 
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to the YD. It is hypothesised the PBO cold and dry event, which occurred one or two centuries 

after the initial warming of the PB, interrupted the predicted return to the previous warm 

climate behaviour. There is no information on how this phase affected major game species, 

so the theory put forward here cannot be tested, but as this period lasted 200-300 years it 

may well have significantly affected animal population behaviours. 

The PB in the south was dramatically different from both the Allerød and YD, with a notable 

increase in animal species and precipitation. During this period, there appears to be a 

preference for significantly more logistical mobility practices than during the Terminal 

Palaeolithic. This pronounced change in the tool assemblages is supported by many studies 

which show that the major changes in human behaviour appear to occur after the YD in south 

Europe. However, crucially, in the south it appears logistical mobility was the preferred 

response to increasing animal diversity and higher precipitation. In the northwest, more 

logistical strategies were preferred in the colder and harsher conditions of the YD, while more 

residential strategies were preferred during periods of increased animal diversity. Therefore, 

it could be argued the exact mobility response to changes in subsistence is related to cultural 

traditions/regional knowledge of the preferred response to an 

environmental/climatic/subsistence problem, and not to the types of flora and fauna 

available.    

Another interesting result is that the composition of assemblages does not appear to 

significantly change depending on altitude, which is unexpected, but might support the view 

that humans can live in a variety of conditions unchanged, and dismisses the idea that high 

altitude sites are always special task camps. Site size/excavation area was also found not to 

be a factor in the composition of the tool assemblage, which also challenges the idea that 

smaller sites always have specialist functions. 

If we look at global studies into the YD, we see a generalised picture of a continuation of 

hunter-gatherer populations from the Allerød into the YD, and there is no significant evidence 

to suggest there was a mass migration to warmer, more ‘favourable’ areas as a result of this 

event in any region, which is widely assumed to be the case with the previous LGM. Human 

populations continue to exist in regions they had become accustomed to over hundreds of 

generations and their response was to interact with new environments, and the flora and 

fauna contained within, in different ways which maximised efficiency. This can be seen from 
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the results of this study, although there appears to be significant changes in mobility as a 

result of the YD in the harsher conditions of northwest Europe, most likely to efficiently 

exploit highly mobile reindeer and horse populations, which replaced the earlier, more 

stationary, red deer populations. The apparent finding here of a significant change to a more 

logistical strategy during the YD in northwest Europe seems to be unique in the global body 

of research, in which most regions report little change in hunter-gatherer behaviour in 

response to this event, including the south European data from this study. It is hypothesised 

here that northwest Europe experienced the most contrast in climate and environment from 

the Allerød into the YD, which may provide an explanation for this behaviour. 

This study also adds to this picture, with the finding that, in Western Europe, the exact way 

in which they adapted to changes in their environment seems specific to regions, possibly to 

“cultural” groups, who had preconceived strategies learned from their predecessors as to 

which was the best way to organise their settlement and subsistence strategies according to 

the various conditions they faced. This is of course hypothetical, but the fact that during 

warmer times, with increased animal diversity of a similar set of species, northwest 

populations seemed to have utilised a more residentially mobile system, while in the south 

they utilised a more logistically mobile system, is cause to support this explanation. 
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Conclusions 

This study aimed to answer questions regarding the climatic and environmental changes 

associated with the Pleistocene/Holocene Transition and hunter-gatherer mobility, by 

studying, analysing, and interpreting changes in their stone tool assemblages. This conclusion 

will address the key questions asked in order to assess how successful it was in determining 

changes in human mobility relating to the YD. 

What is the predicted mobility behaviour of hunter-gatherer populations in warm climates 

and cold climates? 

One of the most widespread theories used to model mobility changes is that of Binford (1980, 

2001), who defines two types of hunter-gatherer mobility – logistical and residential – and 

this was the preferred model tested here due to its simplicity and ease of use, when drawing 

comparisons between climatic phases. In such a strategy, it is predicted by Binford (1980), in 

warmer climates, a more residential mobility would be employed, while in colder climates, a 

more logistical strategy would be employed. This is the assumption upon which the 

interpretations of this study are based, while acknowledging and accepting the flaws 

associated with this model. In northwest Europe, this theory is supported, as more residential 

strategies are recognised during the warm Allerød and PB Interstadials, compared with more 

logistical strategies during the cold YD Stadial. However, this is not seen in the south, where 

there were more logistically mobile populations during the PB Interstadial and possibly during 

the Allerød. There is some evidence to suggest there was a slight shift to a more residential 

strategy during the colder YD in this region, but there appears to be little change in behaviour 

between the Allerød and YD. However, the analysis shows some evidence that, in general, 

hunter-gatherer populations are more residentially mobile than those in the northwest. This 

suggests that Binford’s (1980) model only applies to hunter-gatherers in cold climates in 

higher latitude regions such as those of northwest Europe during the YD. 
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What was the extent of the climate and environmental changes in response to the YD in 

northwest and south Europe? 

The climatic and environmental response to the YD was found to be remarkably similar 

between the northwest and south of Europe. Although there was a much more subdued 

decrease in temperature compared with the northwest, there is still evidence for a dramatic 

decline in temperatures with the onset of the YD in south Europe in many regions. This was 

accompanied as well, by a significant opening of the landscape to more steppe-tundra 

conditions. However, the conditions in the south were not severe enough to promote a major 

shift in game species, with red deer continuing to be the dominant species over much of the 

region, and reindeer were found to be absent in many regions in northern Spain and Italy. 

However, one possible factor of importance is that the more mountainous regions of the 

south may have offered areas of refugia, which may have influenced human choices in 

mobility in order to exploit them. In comparison, the YD in the northwest, brought about a 

complete change in the fauna, with the disappearance of red deer populations and the 

dominance of reindeer. However, although areas of refugia have been hypothesised in 

northwest Europe, one might believe they were less common/substantial than those found 

in the mountainous regions of northern Spain/southern France and Italy. This might be found 

to be a key factor in differences between northwest and south European hunter-gatherer 

behaviour, but cannot be determined within the constraints of this study. 

Instead, it is believed here, the crucial difference between the two regions being that in the 

northwest, there is evidence for the existence of permafrost for large parts of the year during 

at least the initial phases of the YD, along with the significant drying of the landscape in the 

second-half of the stadial. This shows that although the general trend in climate and 

environment was similar between the northwest and south regions, the severity of conditions 

was much more extreme in the northwest. It is these extremes that no doubt brought about 

the disappearance of previously important game such as red deer, and the thriving of reindeer 

and horse in these environments, and in turn this change in game species would have brought 

about a shift in hunter-gatherer mobility strategies. 
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How can one predict potential changes in hunter-gatherer mobility in prehistory from the 

archaeological record? - and - What indicators within hunter-gatherer stone tool 

assemblages are suitable for determining changes in mobility? 

Several theories and models were presented and discussed in Chapter 2, which informed that 

the best way to predict prehistoric hunter-gatherer mobility is through ideas related around 

cost, risk, and anticipation, and that the most suitable indicators within tool assemblages 

should focus upon tool diversity, tool expediency, and raw material exploitation. From this a 

list of predictions of stone tool indicators for mobility change were constructed, and further 

edited to form a suitable set of expectations based on the collected data for this study. After 

applying these expectations to the data, it was found that significant differences occurred 

within several of these indicators during the YD in the northwest of Europe, and that these 

indicators differed in the south. In the northwest, these differences were interpreted as 

evidence for a significant shift to a more logistical mobility from the Allerød into the YD, and 

a similar, but more subdued shift back to a more residentially mobile strategy during the PB. 

The differences between the northwest and south imply there was a different and more 

subdued response to the YD in south Europe, as one might expect. The results of the southern 

data strongly correlate with the majority of current research, in that there was a more 

subdued response to the YD, with human behavioural continuity from the Allerød into the YD, 

and a major shift in behaviour only occurred during the PB. As this correlation was found, it is 

proposed that the set of stone tool assemblage expectations formulated within this study are 

suitable for identifying mobility change, and as such correctly detects a major shift in mobility 

practices in the northwest during the YD, and in the south during the PB.         

 

How do hunter-gatherer populations respond in terms of mobility interpreted using stone 

tool indicators to the YD event in northwest Europe?  

The results of the stone tool assemblage indicator analyses strongly suggest there was a 

significant shift in the composition of hunter-gatherer tool assemblages into and out of the 

YD in northwest Europe. This shift has been interpreted as a change from a more residential 

strategy during the Allerød, to a more logistical strategy during the YD, and back to a more 

residential strategy during the PB. Interestingly, there is a more subdued return to a 
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residential strategy during the PB, suggesting that conditions were not as favourable as the 

Allerød, and may be due to the more pronounced effect of the PBO in the northwest soon 

after the initial warming phase of the Holocene. Overall, it appears that human populations 

in the northwest did respond in terms of mobility not only to the YD stadial, but also possibly 

to the PBO event during the PB.  

 

To what extent do hunter-gatherer populations respond differently in lower latitudes in 

south Europe, where the effects of the YD were less pronounced? 

As expected, there is strong evidence of a different mobility response in the south compared 

with the northwest. It appears that there was no major change in mobility from the Allerød 

into the YD, and that there was a significant shift to a more logistical strategy during the PB. 

Human populations appear to be generally more residentially mobile throughout the study 

period in the south, which agrees with Binford’s (1980) prediction that hunter-gatherers in 

warmer regions should practise a more residential mobility. Interestingly, in contrast to the 

northwest, there is also a continuity in faunal species from the Allerød to the YD, which one 

would expect not to be a coincidence with the lack of major changes in human behaviour 

during this period. It is only in the PB, where there is a significant increase in the diversity of 

fauna, do we see a dramatic change in mobility. Therefore, it is thought that hunter-gatherer 

populations are minimally influenced by changes in temperature and environment, and that 

the change to a more logistical system seen in the northwest should be seen as a response to 

changing animal populations, which are in turn only affected by extremes of climatic and 

environmental change. 

 

How do hunter-gatherer populations respond to the YD event globally, based on current 

research? – and – Do the results of this study agree or disagree with this current knowledge? 

Global studies, outlined in Chapter 7, provide no strong evidence that there was a major 

change in human behaviour in response to the YD, and that most of the significant changes 

occur within the early Holocene. In general, there is more evidence for continuity in human 

populations than behaviour shifts (Eren, 2012). This is further supported from the results of 
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the southern comparative database from this study, which also sees no strong evidence for a 

change in human mobility between the Allerød and YD, and a significant shift during the PB. 

However, few detailed studies have been carried out in the northwest of Europe focusing on 

mobility change in response to the YD. This study has found that there may well have been a 

distinct shift in human mobility that can be related to the YD Stadial event in the northwest, 

and thus disagrees that this behavioural consistency is universal. It is thought, that northwest 

Europe is unique in regard to many other regions in which YD research has been conducted. 

Seemingly, this region displays the largest contrast in climatic conditions between the Allerød 

and YD, and the YD and PB. Few other regions see a shift from Allerød conditions that are 

similar to that of today, to extreme YD conditions of seasonal, and in some areas continuous, 

permafrost, along with significant drying out of the landscape, and then returning to Allerød-

like conditions into the PB. It is this extreme contrast, along with the significant change that 

it facilitated in animal populations, that we see evidence for a distinct shift in human 

behaviour during the YD in northwest Europe. 

 

How do the results of this study build upon the current knowledge of hunter-gatherer 

responses to major climatic changes? 

This study adds to the general picture of robust human populations continuing to persist in 

the face of significant climatic change. However, unlike the majority of global research, which 

sees little evidence for behaviour change during the YD, it appears that in northwest Europe, 

there is evidence that the more extreme and contrasting conditions seen during this period 

brought about a distinct shift in mobility, from a more residential system during the Allerød, 

to a more logistical mobility during the YD. Interestingly, the results of the south European 

data analysis agree with most other global studies, in that there is strong evidence for 

behavioural continuity between the Allerød and YD, with the major shift in behaviours 

occurring during the PB. This lends further support that the changes we see using the methods 

of analysis used in this study in the northwest of Europe are genuine, and can be relied upon. 

Another interesting finding from this study, is that there is evidence suggesting the exact type 

of mobility change – more logistical or more residential – is not a prescribed behaviour 
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dictated by climatic/environmental/subsistence stress, and can differ in nature from region 

to region depending upon the more regional cultural history/knowledge of local populations. 

 

A note on problems with multi-region analysis and comparisons and future work 

While conducting this study, data was collected from a wide range of regions, encompassing 

twelve different countries. Few studies have collected and interpreted detailed tool 

assemblage data from this many countries, and provides an interesting opportunity to briefly 

discuss the problems associated with the regulation (or lack of) research practice and 

traditions within tool assemblage studies.   

Several problems were encountered, not least the difficulties in non-standardised definitions 

of tool types and functions. For example, reported assemblages from some countries have 

dozens of recognised burin types, each of which is assumed to function differently, while 

others simply classify this tool type as a single category of “burins”. This variation not only 

happens between regions and countries, but also within countries too, and is not only limited 

to burins. To categorise tools by slight morphological changes seems to be overcomplicating 

matters when analysing an assemblage and, when attempting to determine tool diversity, can 

be a major causation of misinterpretation if not addressed.  

Similarly, with projectiles (if one assumes the function of these morphological types are in 

fact projectiles); how different in functionality is one projectile point from another? It serves 

the purpose of hunting, that is, effectively to efficiently kill an animal for food. Obviously, the 

range of uses of a point/s can provide us with vital information on subsistence strategies i.e. 

points to kill large-mid-sized ungulates, points to kill fish, points to kill birds etc., along with 

changes in complexity, i.e. composite points, which are seen as a risk minimising strategy. 

However, these differences in function can only be reliably recognised through detailed 

information on aspects of manufacture such as hafting. This is rarely published in sufficient 

detail in the data. Instead, what is focused upon, is morphological differences related to 

supposed different regional cultures and traditions, both temporally and spatially. This has no 

use when attempting to ascertain the richness and evenness of a stone tool assemblage. Until 

there is regulation and publication of distinct, functionally different point types, based on 

evidence such as hafting, this issue cannot be addressed. Tool studies should focus away from 
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“cultural” groups (if you can truly recognise cultural groups from tools alone) and focus on 

more substantial behavioural changes such as that evidenced from 

generalisation/specialisation and risk management of toolkits. 

This varied reporting of tool categories led to the simplified categories utilised in this study. 

This decision may lead to the masking of true functional variation between and within 

different tool categories, but is deemed a more reliable way in which to approach toolkit 

diversity, as the alternative is currently too subjective.    

Also, more robust reporting of tool assemblages must be published within reports. Average 

size of tool elements, numbers of chips, types and numbers of preparation pieces, retouched 

and utilised blanks, hafting information on points, distance of raw material provenance from 

sites, percentage of different quality materials, weight of raw materials, altitude, excavation 

size and size of “sites”, and density/volume of artefacts are vital to be able to make more 

reliable observations, but are all variably published, and often not sufficiently reported, if at 

all. This variability of reporting led to many of the potential indicators being unsuitable and 

unreliable for this study, due to small sample sizes of comparable sites. To observe changes 

in tool technology relating to climate change, it is imperative to have globally (or at least 

continentally) regulated definitions of functionally different tool types that can allow the 

direct comparison of assemblages from the global perspective all the way down to the local 

level, along with facilitating the collection of larger datasets from several regions when 

sample sizes are low.  

It should always be noted that categorising a tool into specific type will always be subjective, 

and ultimately may be an incorrect practice, but an agreement must be made to universally 

report assemblages to the same standard to allow these more direct comparisons. It is 

believed here that this practice, in the current research climate, would gain more than it 

would mask.   

However, despite these issues, this study has proved, by analysing and comparing the 

characteristics of stone tool assemblage inventories from a large database of sites from a 

region, and applying the results to a robust theoretical framework, it is possible to gain 

important information on shifts (or lack of shifts) in hunter-gatherer mobility in response to 

climatic and environmental change. To further the results of this study, future work should 
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be expanded to cover different regions, such as North America, and to include different major 

climate events, such as the LGM and 8.2kya event. Additionally, further studies should focus 

upon other aspects of hunter-gatherer behaviour within a modified version of the theoretical 

framework proposed in this study, such as direct comparisons of human exploited faunal 

assemblages from multiple sites within different regions with unique environmental signals 

and geographic topography (such as Cantabrian Spain, Mediterranean Spain, southern 

France, pre-Alps Italy, and non-alpine Italy to name a few in Europe) to see if distinct patterns 

of specialised and generalised behaviour can be detected. There is a large and ever-increasing 

number of well documented sites from many different climatic and environmental episodes 

across the world, from whose detailed and varied archaeological information should be 

collected into larger, regional, databases and compared with other regions against a 

theoretical methodology, constructed in a similar fashion to this study. Through this, I believe, 

a more robust picture of the variety of global human responses to different climatic and 

environmental changes in different geographic regions can be achieved. 
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Appendix 1 

Additional Materials 
Logarithmic Scale 

Ln Scale 

1 = 3 

2 = 10 

3 = 20 

4 = 50 

5 = 150 

6 = 400 

7 = 1000 

8 = 3000 

9 = 10000 

10 = 20000 

11 = 60000 

12 = 150000 

 

Glossary of Tool Type Definitions  

Assemblage – Group of artefacts from the same archaeological context. 

Blanks – Flakes and blades that are potentially modifiable into a specific form but have not yet 

been modified/retouched (Andrefsky, 2005). 

Blades – Rectangular flakes and elongated triangular flakes whose length is greater than or 

equal to twice their width (Shea, 2016). 

Bladelets – Prismatic blades less than 50mm long and narrower than 12mm wide (Shea, 

2016). 

Borers – Flake tools or bifacial tools used in a rotary motion and used to perforate materials 

(Andrefsky, 2005). 

Burins – Flake tools with a chisel edge that was produced by the removal of two flakes or 

‘spalls’ at right angles to one another to create a sharp and durable edge (Andrefsky, 2005). 

Microwear analysis suggests that some burins were used for carving hard materials, but may 

have been also used to re-sharpen a use-damaged edge, to shape tools so that they fit better in 

the hand or in a handle, or for use as a core (Shea, 2013).  
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Burin Spalls – Flakes detached by burination that propagates perpendicular to the ventral 

surface of the flake from which it was detached. Potentially used as a tool (Shea, 2016).   

Chips/Debris – Are unmodified lithic artefacts shorter than 2-3cm (Shea, 2016). 

Cores – Used for propagating flakes and blades for tool production. They are rocks that 

feature relatively large (>20mm long) fracture scars on their surfaces from flake and blade 

removals. They can also be used as tools (Shea, 2016). 

Debitage – See ‘Waste’. 

Denticulates – Serrated or toothed edged flake tools (Andrefsky, 2005). 

Domestic Tools – Classified here as tools that are thought to be used predominantly for 

home/base camp activities such as wood/bone/antler-working, meat/plant processing, hide 

scraping, and tool manufacturing. Here these tool types include endscrapers, burins, borers, 

notches, denticulates, truncations, splintered pieces, retouched pieces, and Long Blades. As 

with the hunting tool classification, it is recognised that these typologies are subjective and 

such tools may have been used for a variety of tasks including hunting, but making such an 

assumption was necessary in order to distinguish between site types using only stone tools.  

Endscrapers – Flake tools with retouch on the distal end. The retouched area has an edge 

angle that approaches 60˚ to 90˚ (Andrefsky, 2005). 

Flakes – Relatively flat and sharp-edged objects detached from cores by fracture (Shea, 2016). 

Hammerstones/Percussors – Rocks used to initiate fractures in cores and retouched tools. 

Mostly rounded pebbles or cobbles, but also angular rocks, cores, flakes, and retouched 

artefacts have been used (Shea, 2016), and also bone and antler pieces (Andrefsky, 2005).  

Hunting Tools – Classified here as tools that are thought to be predominately used as hunting 

tools in various forms of projectiles. Here these tool types include points and microliths. It is 

recognised that these typologies are subjective (especially microliths) and such tools may have 

also been used for other tasks, but the decision was made to classify these tools as hunting 

tools to form a mechanism in which to distinguish between site types using only stone tools 

which would otherwise be impossible. 
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Long Blades – Also known as ‘bruised blades’ are large, robust, flakes and blades that are 

sometimes crested, which display signs of very heavy edge damage through stepped, invasive 

scalar scarring, usually confined to the ventral surface. Believed to be used for heavy-duty 

chopping of animal bone and antler (Barton, 1986; Lewis and Rackham, 2011) 

Microburins – Debris of geometrical microlithic industries, usually discarded proximal and 

distal ends of a blade (Andrefsky, 2005).  

Microliths – Flakes or flake fragments <5cm long that have been steeply retouched (“Backed” 

or “Truncated”) along at least one of their edges with at least some portion of an edge remains 

unretouched. There are complex typologies for this tool type based on characteristics such as 

their plan shape (triangles, points, rectangles, trapezoids, crescents) and the steepness and 

invasiveness of the retouch on the backed/truncated edges, amongst others. Considered 

functionally versatile and have been found in archaeological contexts attached to arrows, 

sickles, knives, plant processing tools, and woodworking tools (Shea, 2013). But there has 

been a historic overall prevailing attitude formed from the context in which a large proportion 

of microliths have been found, that microliths were used primarily as components in hunting 

weaponry (Torrence, 2002). As such, and due to the lack of simple tool typologies to attribute 

to hunting weaponry, microliths are simply assumed for the purposes of this study to be 

predominantly used as components in hunting tools (i.e. there is a higher chance that a 

microlith represents part of a hunting tool rather than a domestic tool and is more likely to 

represent the presence of hunting activities). 

Notches – Flakes, blades, fragments, or cores in which an indentation has been retouched on a 

side or end. The function is unclear, and possibly used for multiple functions, but have 

historically been described as implements for smoothing or notching rounded, elongated 

objects such as arrow shafts (Gibbon, 1998).   

Points – Flake/blade fragments on which two retouched edges converge to form a sharp 

triangular projection (Shea, 2016) and contains a hafting area. Usually identified as arrow 

points, dart points, and spear points (Andrefsky, 2005) and thus considered hunting tools in 

this study. 

Retouched Artefacts/Pieces – Flakes and blades and their fragments that have a series of 

smaller fractures detached from their edge (retouch). Continuous damage running for a 
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centimetre along an edge extending more the 2-3mm onto either side of an edge is almost 

universally considered to be retouch (Shea, 2016). 

Riesenklingen – Similar to Long Blade. A large blade/flake artefact recognised in earlier 

German literature. 

Splintered Pieces – Also known as bipolar cores or scaled pieces. Defined as cores resulting 

from bipolar core reduction (fracture initiated by striking the uppermost surface of a core or 

flake that is resting on a hard surface) (Shea, 2016). Considered functionally versatile, but have 

been historically defined as ‘wedges’ used in antler and bone working, although this has been 

contested (Shott, 1999).  

Truncations – Classified as flake fragments with steep retouch on either the lateral edges or 

its distal/proximal ends (Shea, 2016).  

Waste – Defined here as detached pieces (flakes, flake fragments and other by-products) 

discarded during the reduction process (Shea, 2016; Andrefsky, 2005). 
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Map Showing the Location of Sites with Lithic Data Included in this Study (Google Earth 
with overlay from US Navy Satalite Data 2017) 
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Appendix 2 

Assemblage Data 
 

Key 

B = Blades 

B’lets = Bladelets 

F = Flakes 

Bl = Blanks 

C = Cores 

T = Tools 

ES = Endscraper 

Bu = Burin 

Bo = Borer 

SP = Splintered Pieces  

No = Notches 

Dent = Denticulates  

Trunc = Truncation 

P = Points 

ML = Microliths  

MBu = Micro-Burins 

MF = Multi-Function 

LB = Long Blade  

RF = Retouched and Utilised Flakes  

RB = Retouched and Utilised Blades 

RB’lets = Retouched and Utilised Bladelets 

TR = Total Retouched and Utilised Pieces 

TL = Total Lithic Artefacts  

RK = Riesenklingen 

RMS = Raw Material Source 

RMQ = Raw Material Quality  
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Appendix 3 

 Statistical Calculations 
Northwest European Dataset 

A3.1: NTAXA 

Kruskal-Wallis rank sum test: (H(2) = 2.046, df = 2, p-value = 0.360). 

Mann-Whitney U Test (Two-Tailed) 

Compared Means W Value p Significance 

Allerød and YD 1908.5 0.494 Not significant 

YD and PB 1830 0.140 Not significant 

Allerød and PB 2564 0.442 Not significant 

 

Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD 0.740   0.689      Not significant 

YD and PB 1.419 0.234 Not significant 

Allerød and PB -0.810 0.627 Not significant 
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A3.2: Simpsons Index 

Kruskal-Wallis rank sum test: (H(2) = 13.332, df = 2, p-value = 0.001). 

Mann-Whitney U Test (Two-Tailed) 

Compared Means W Value p Significance 

Allerød and YD 2374 0.001 Significant 

YD and PB 1701 0.391 Not significant 

Allerød and PB 3418 0.005 Significant 

 

Dunn’s Test (with Bonferroni correction) 

 

Compared Means Z p Significance 

Allerød and YD 3.298 0.002 Significant  

YD and PB 0.814 0.623 Not significant 

Allerød and PB 2.791 0.008 Significant  

 

A3.3: Total Number of Artefacts per m2 

Kruskal-Wallis rank sum test: (H(2) = 2.163, df = 2, p-value = 0.339). 

Mann-Whitney U Test (Two-Tailed) 

Compared Means W Value p Significance 

Allerød and YD 586.5 0.242 Not significant 

YD and PB 631 0.964 Not significant 

Allerød and PB 771 0.193 Not significant 
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Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD -1.207 0.341 Not significant 

YD and PB -0.017 1.000 Not significant 

Allerød and PB -1.286 0.298 Not significant 

 

A3.4: Total Number of Artefacts 

Kruskal-Wallis rank sum test: (H(2) = 7.640, df = 2, p-value = 0.022). 

Mann-Whitney U Test (Two-Tailed) 

Compared Means W Value p Significance 

Allerød and YD 1793.5 0.643 Not significant 

YD and PB 1977 0.118 Not significant 

Allerød and PB 1930.5 0.004 Significant 

 

Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD -0.648 0.775 Not significant 

YD and PB -2.705 0.116 Not significant 

Allerød and PB -2.705 0.010 Significant 
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A3.5: Percentage of Microliths in Total Assemblage 

Kruskal-Wallis rank sum test: (H(2) = 56.341, df = 2, p-value = <0.00001). 

Mann-Whitney U Test (Two-Tailed) 

Compared Means W Value p Significance 

Allerød and YD 1304 0.0002 Significant 

YD and PB 2342 0.0002 Significant 

Allerød and PB 990.5 <0.00001 Significant 

 

Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD -3.013 0.004 Significant 

YD and PB 3.711 <0.00001 Significant 

Allerød and PB -7.503 <0.00001 Significant 

 

A3.6: Percentage of Microliths in Tool Assemblage 

Kruskal-Wallis rank sum test: (H(2) = 64.822, df = 2, p-value = <0.00001). 

Mann-Whitney U Test (Two-Tailed) 

Compared Means W Value p Significance 

Allerød and YD 1204.5 <0.00001 Significant 

YD and PB 2318.5 0.001 Significant 

Allerød and PB 1034.5 <0.00001 Significant 
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Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD -3.587 0.001 Significant 

YD and PB 3.337 0.001 Significant 

Allerød and PB -8.046 <0.00001 Significant 

 

A3.7: Blank to Tool Ratio: Excluding Sites with Unknown Excavation Dates 

Kruskal-Wallis rank sum test: (H(2) = 10.432, df = 2, p-value = 0.005)  

Mann-Whitney U Test (Two-Tailed) 

Compared Means W Value p Significance 

Allerød and YD 477.5 0.002 Significant 

YD and PB 645 0.042 Significant 

Allerød and PB 1548 0.112 Not significant 

 

Dunn’s Test (with Bonferroni correction) 

Compared Means W Value p Significance 

Allerød and YD 385.5 0.004 Significant 

YD and PB 631 0.039 Significant 

Allerød and PB 1273 0.343 Not significant 
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A3.8: Blank to Tool Ratio: Including Sites with Unknown Excavation Dates 

Kruskal-Wallis rank sum test: (H(2) = 8.092, df = 2, p-value = 0.018). 

 

Mann-Whitney U Test (Two-Tailed) 

Compared Means Z p Significance 

Allerød and YD -3.218 0.002 Significant 

YD and PB -2.001 0.068 Not significant 

Allerød and PB -1.567 0.176 Not significant 

 

Dunn’s Test (with Bonferroni correction) 

 

Compared Means Z p Significance 

Allerød and YD -2.821 0.007 Significant 

YD and PB -2.123 0.051 Near significant 

Allerød and PB -0.990 0.483 Not significant 

 

A3.9: Blank to Core Ratio 

Kruskal-Wallis rank sum test: (H(2) = 8.231, df = 2, p-value = 0.016). 

Mann-Whitney U Test (Two-Tailed) 

Compared Means W Value p Significance 

Allerød and YD 733 0.008 Significant 

YD and PB 910 0.024 Significant 

Allerød and PB 1505.5 0.352 Not significant 
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Dunn’s Test (with Bonferroni correction) 

 

Compared Means Z p Significance 

Allerød and YD -2.809 0.008 Significant 

YD and PB -2.132 0.050 Significant 

Allerød and PB -0.825 0.614 Not significant 

 

A3.10: Percentage of Utilised and Retouched Blanks in the Total Assemblage 

Kruskal-Wallis rank sum test: (H(2) = 6.745, df = 2, p-value = 0.034). 

Mann-Whitney U Test (Two-Tailed) 

Compared Means W Value p Significance 

Allerød and YD 1103 0.013 Significant 

YD and PB 1223 0.031 Significant 

Allerød and PB 1625 0.707 Not significant 

 

Dunn’s Test (with Bonferroni correction) 

 

Compared Means Z p Significance 

Allerød and YD 2.470 0.020 Significant 

YD and PB 2.189 0.043 Significant 

Allerød and PB 0.400 1.000 Not significant 
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A3.11: Percentage of Utilised and Retouched Blanks in the Tool Assemblage 

Kruskal-Wallis rank sum test: (H(2) = 5.363, df = 2, p-value = 0.068). 

Mann-Whitney U Test (Two-Tailed) 

Compared Means W Value p Significance 

Allerød and YD 1028.5 0.252 Not significant 

YD and PB 1346 0.019 Significant 

Allerød and PB 1593.5 0.240 Not significant 

 

Dunn’s Test (with Bonferroni correction) 

 

Compared Means Z p Significance 

Allerød and YD 1.225 0.331 Not significant 

YD and PB 2.288 0.033 Significant 

Allerød and PB -1.222 0.333 Not significant 

 

A3.12: Tool to Core Ratio 

Kruskal-Wallis rank sum test: (H(2) = 1.765, df = 2, p-value = 0.414). 

Mann-Whitney U Test (Two-Tailed) 

Compared Means W Value p Significance 

Allerød and YD 1081 0.258 Not significant 

YD and PB 962 0.215 Not significant 

Allerød and PB 1843.5 0.951 Not significant 
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Dunn’s Test (with Bonferroni correction) 

 

Compared Means Z p Significance 

Allerød and YD -1.217 0.336 Not significant 

YD and PB -1.165 0.366 Not significant 

Allerød and PB -0.085 1.000 Not significant 

 

A3.13: Base Camp Analysis: Blank to Tool Ratio Comparisons 

Kruskal-Wallis rank sum test: (H(2) = 10.423, df = 2, p-value = 0.005). 

Mann-Whitney U Test (Two-Tailed) 

Compared Means W Value p Significance 

Allerød and YD 300.5 0.014 Significant 

YD and PB 213 0.001 Significant 

Allerød and PB 1044 0.287 Not significant 

 

Dunn’s Test (with Bonferroni correction) 

 

Compared Means Z p Significance 

Allerød and YD -2.425 0.023 Significant 

YD and PB -3.207 0.002 Significant 

Allerød and PB  1.044 0.445 Not significant 
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A3.14: Base Camp Analysis: Blank to Core Ratio Comparisons 

Kruskal-Wallis rank sum test: (H(2) = 11.802, df = 2, p-value = 0.003). 

Mann-Whitney U Test (Two-Tailed) 

Compared Means W Value p Significance 

Allerød and YD 213 0.0008 Significant 

YD and PB 225 0.008 Significant 

Allerød and PB 680 0.345 Not significant 

 

Dunn’s Test (with Bonferroni correction) 

 

Compared Means Z p Significance 

Allerød and YD -3.402 0.001 Significant 

YD and PB -2.579 0.015 Significant 

Allerød and PB -0.908 0.546 Not significant 

 

A3.15: Base Camp Analysis: Tool to Core Ratio Comparisons 

Kruskal-Wallis rank sum test: (H(2) = 4.227, df = 2, p-value = 0.121). 

Mann-Whitney U Test (Two-Tailed) 

Compared Means W Value p Significance 

Allerød and YD 314 0.039 Significant 

YD and PB 328 0.332 Not significant 

Allerød and PB 700.5 0.284 Not significant 
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Dunn’s Test (with Bonferroni correction) 

 

Compared Means Z p Significance 

Allerød and YD -2.023 0.065 Not significant 

YD and PB -1.051 0.440 Not significant 

Allerød and PB -1.118 0.396 Not significant 

 

A3.16: Special Task Camp Analysis: Blank to Tool Ratio Comparisons 

Kruskal-Wallis rank sum test: (H(2) = 12.612, df = 2, p-value = 0.002). 

Mann-Whitney U Test (Two-Tailed) 

Compared Means W Value p Significance 

Allerød and YD 174 0.020 Significant 

YD and PB 347 0.452 Not significant 

Allerød and PB 161 0.0005 Significant 

 

Dunn’s Test (with Bonferroni correction) 

 

Compared Means Z p Significance 

Allerød and YD -2.413 0.024 Significant 

YD and PB 0.846 0.596 Not significant 

Allerød and PB -3.451 0.0008 Significant 
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A3.17: Special Task Camp Analysis: Blank to Core Ratio Comparisons 

Kruskal-Wallis rank sum test: (H(2) = 1.235, df = 2, p-value = 0.539). 

Mann-Whitney U Test (Two-Tailed) 

Compared Means W Value p Significance 

Allerød and YD 245.5 0.265 Not significant 

YD and PB 271.5 0.615 Not significant 

Allerød and PB 183.5 0.578 Not significant 

 

Dunn’s Test (with Bonferroni correction) 

 

Compared Means Z p Significance 

Allerød and YD 0.607 0.816 Not significant 

YD and PB -0.534 0.890 Not significant 

Allerød and PB 1.107 0.403 Not significant 

 

A3.18: Special Task Camp Analysis: Blank to Core Ratio Comparisons 

Kruskal-Wallis rank sum test: (H(2) = 5.755, df = 2, p-value = 0.056). 

Mann-Whitney U Test (Two-Tailed) 

Compared Means W Value p Significance 

Allerød and YD 207.5 0.359 Not significant 

YD and PB 232 0.140 Not significant 

Allerød and PB 318.5 0.022 Significant 
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Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD 0.928 0.530 Not significant 

YD and PB -1.483 0.207 Not significant 

Allerød and PB 2.321 0.030 Significant 

 

A3.19: Comparison of Base camps and Special Task Camps: Blank to Tool Ratio 

Mann-Whitney U Test (Two-Tailed) 

Compared B/T Means W Value p Significance 

Allerød Base Camps and Special Task 

Camps 

791 0.055 Significant? 

YD Base Camps and Special Task 

Camps 

220 0.522 Not significant 

PB Base Camps and Special Task Camps 527 0.551 Not significant 

 

A3.20: Comparison of Base camps and Special Task Camps: Blank to Core Ratio 

Mann-Whitney U Test (Two-Tailed) 

Compared B/T Means W Value p Significance 

Allerød Base Camps and Special Task 

Camps 

260 0.089 Not significant 

YD Base Camps and Special Task 

Camps 

245 0.273 Not significant 

PB Base Camps and Special Task Camps 497 0.894 Not significant 
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A3.21: Comparison of Base camps and Special Task Camps: Tool to Core Ratio 

Mann-Whitney U Test (Two-Tailed) 

Compared B/T Means W Value p Significance 

Allerød Base Camps and Special Task 

Camps 

329.5 0.272 Not significant 

YD Base Camps and Special Task Camps 190 0.777 Not significant 

PB Base Camps and Special Task Camps 562 0.602 Not significant 

 

South European Dataset 

A3.22: NTAXA 

Kruskal-Wallis rank sum test: (H(2) = 0.696, df = 2, p-value = 0.706). 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

Allerød and YD 901.5 0.518 Not significant 

YD and PB 795.5 0.440 Not significant 

Allerød and PB 856.5 0.851 Not significant 

 

Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD 0.642 0.782 Not significant 

YD and PB 0.793 0.642 Not significant 

Allerød and PB -0.181 1.000 Not significant 
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A3.23: Simpsons Index 

Kruskal-Wallis rank sum test: (H(2) = 9.000, df = 2, p-value = 0.011). 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

Allerød and YD 785 0.661 Not significant  

YD and PB 441 0.004 Significant 

Allerød and PB 1128.5 0.025 Significant 

 

Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD -0.558 0.865 Not significant  

YD and PB -2.794 0.008 Significant 

Allerød and PB 2.365 0.027 Significant 

 

A3.24: Total Artefacts per m2 

Kruskal-Wallis rank sum test: (H(2) = 2.719, df = 2, p-value = 0.257). 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

Allerød and YD 425 0.155 Not significant 

YD and PB 344 0.152 Not significant 

Allerød and PB 356 0.952 Not significant 
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Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD 1.446 0.222 Not significant 

YD and PB 1.445 0.223 Not significant 

Allerød and PB -0.076 1.000 Not significant 

 

A3.25: Total Number of Artefacts 

Kruskal-Wallis rank sum test: (H(2) = 0.801, df = 2, p-value = 0.670). 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

Allerød and YD 469.5 0.595 Not significant 

YD and PB 401 0.368 Not significant  

Allerød and PB 367.5 0.748 Not significant  

 

Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD 0.564 0.859 Not significant 

YD and PB 0.883 0.566 Not significant  

Allerød and PB -0.357 1.000 Not significant  
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A3.26: Percentage Microliths in Total Assemblage 

Kruskal-Wallis rank sum test: (H(2) = 30.625, df = 2, p-value = <0.00001). 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

Allerød and YD 360 0.191 Not significant 

YD and PB 546 <0.00001 Significant 

Allerød and PB 96 <0.00001 Significant 

 

Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD -0.981 0.4902 Not significant 

YD and PB 4.273 <0.00001 Significant 

Allerød and PB -5.281 <0.00001 Significant 

 

A3.27: Percentage of Microliths in Tool Assemblage 

Kruskal-Wallis rank sum test: (H(2) = 37.825, df = 2, p-value = <0.00001). 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

Allerød and YD 696 0.086 Not significant 

YD and PB 1219 <0.00001 Significant 

Allerød and PB 364 <0.00001 Significant 
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Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD -1.220 0.334 Not significant 

YD and PB 4.399 <0.00001 Significant 

Allerød and PB -5.895 <0.00001 Significant 

 

A3.28: Blank to Tool Ratio 

Kruskal-Wallis rank sum test: (H(2) = 2.073, df = 2, p-value = 0.355). 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

Allerød and YD 313 0.153 Not significant 

YD and PB 307 0.744 Not significant 

Allerød and PB 333 0.376 Not significant 

 

 

Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD -1.392 0.246 Not significant 

YD and PB -0.404 1.000 Not significant 

Allerød and PB -0.956 0.509 Not significant 
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A3.30: Blank to Core Ratio 

Kruskal-Wallis rank sum test: (H(2) = 7.193, df = 2, p-value = 0.027). 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

Allerød and YD 227 0.933 Not significant 

YD and PB 351 0.024 Significant 

Allerød and PB 158 0.019 Significant 

 

Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD -0.080 1.000 Not significant 

YD and PB 2.244 0.037 Significant 

Allerød and PB -2.355 0.028 Significant 

 

A3.31: Percentage of Retouched and Utilised Blanks in Total Assemblage 

Kruskal-Wallis rank sum test: (H(2) = 11.057, df = 2, p-value = 0.004). 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

Allerød and YD 147 0.157 Not significant 

YD and PB 62 0.003 Significant 

Allerød and PB 227 0.009 Significant  
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Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD -1.153 0.372 Not significant 

YD and PB -3.299 0.002 Significant 

Allerød and PB 2.229 0.039 Significant  

 

A3.32: Percentage of Retouched and Utilised Blanks in Tool Assemblage 

Kruskal-Wallis rank sum test: (H(2) = 5.830, df = 2, p-value = 0.054). 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

Allerød and YD 229 0.110 Not significant 

YD and PB 175 0.020 Significant 

Allerød and PB 357 0.388 Not significant 

 

Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD -1.582 0.171 Not significant 

YD and PB -2.376 0.026 Significant 

Allerød and PB 0.841 0.600 Not significant 
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A3.33: Tool to Core Ratio 

Kruskal-Wallis rank sum test: (H(2) = 5 8.242, df = 2, p-value = 0.016). 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

Allerød and YD 368 0.412 Not significant 

YD and PB 507.5 0.004 Significant 

Allerød and PB 279 0.066 Not significant  

 

Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD 0.911 0.543 Not significant 

YD and PB 2.785 0.008 Significant 

Allerød and PB -1.918 0.083 Not significant  

 

A3.34: Base Camp Analysis: Blank to Tool Ratio Comparisons 

Kruskal-Wallis rank sum test: (H(2) = 0.776, df = 2, p-value = 0.679). 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

Allerød and YD 52 0.516 Not significant 

YD and PB 27 0.500 Not significant 

Allerød and PB 23 1.000  Not significant 
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Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD -0.718 0.709 Not significant 

YD and PB -0.713 0.713 Not significant 

Allerød and PB 0.116 1.000 Not significant 

 

A3.35: Base Camp Analysis: Blank to Core Ratio Comparisons 

Kruskal-Wallis rank sum test: (H(2) = 0.235, df = 2, p-value = 0.889). 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

Allerød and YD 63 0.794 Not significant 

YD and PB 36 0.775 Not significant 

Allerød and PB 19 0.699 Not significant 

 

Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD 0.211 1.000 Not significant 

YD and PB 0.483 0.944 Not significant 

Allerød and PB -0.291 1.000 Not significant 
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A3.36: Base Camp Analysis: Tool to Core Ratio Comparisons 

Kruskal-Wallis rank sum test: (H(2) = 0.568, df = 2, p-value = 0.753). 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

Allerød and YD 83 0.472 Not significant 

YD and PB 54 0.743 Not significant 

Allerød and PB 37 0.887 Not significant 

 

Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD 0.740 0.689 Not significant 

YD and PB 0.407 1.000 Not significant 

Allerød and PB 0.239 1.000 Not significant 

 

A3.37: Special Task Camp Analysis: Blank to Tool Ratio Comparisons 

Kruskal-Wallis rank sum test: (H(2) = 3.369, df = 2, p-value = 0.186). 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

Allerød and YD 79 0.082 Not significant 

YD and PB 84 0.599 Not significant 

Allerød and PB 129 0.241 Not significant 
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Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD -1.743 0.122 Not significant 

YD and PB -0.592 0.831 Not significant 

Allerød and PB -1.220 0.334 Not significant 

 

A3.38: Special Task Camp Analysis: Blank to Core Ratio Comparisons 

Kruskal-Wallis rank sum test: (H(2) = 3.481, df = 2, p-value = 0.175). 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

Allerød and YD 61 0.726 Not significant 

YD and PB 83 0.379 Not significant 

Allerød and PB 66 0.056 Not significant 

 

Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD -0.527 0.897 Not significant 

YD and PB  1.068 0.428 Not significant 

Allerød and PB -1.841 0.098 Not significant 
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A3.39: Special Task Camp Analysis: Tool to Core Ratio Comparisons 

Kruskal-Wallis rank sum test: (H(2) = 2.934, df = 2, p-value = 0.231). 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

Allerød and YD 85 0.816 Not significant 

YD and PB 115 0.141 Not significant 

Allerød and PB 98 0.179 Not significant 

 

Dunn’s Test (with Bonferroni correction) 

Compared Means Z p Significance 

Allerød and YD 0.284 1.000 Not significant 

YD and PB 1.499 0.201 Not significant 

Allerød and PB -1.38 0.249 Not significant 

 

A3.40: Comparison of Base camps and Special Task Camps: Blank to Tool Ratio 

Mann-Whitney U Test (Two-Tail) 

Compared B/T Means W Value p Significance 

Allerød Base Camps and Special 

Task Camps 

72 0.326 Not significant 

YD Base Camps and Special 

Task Camps 

58 0.193 Not significant 

PB Base Camps and Special 

Task Camps 

PB sample 

too low 

PB sample 

too low 

PB sample too low 
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A3.41: Comparison of Base camps and Special Task Camps: Blank to Core Ratio 

Mann-Whitney U Test (Two-Tail) 

Compared B/C Means W Value p Significance 

Allerød Base Camps and Special 

Task Camps 

55.5 0.493 Not significant 

YD Base Camps and Special Task 

Camps 

43 0.324 Not significant 

PB Base Camps and Special Task 

Camps 

PB sample too 

low 

PB sample 

too low 

PB sample too low 

 

A3.42: Comparison of Base camps and Special Task Camps: Tool to Core Ratio 

Mann-Whitney U Test (Two-Tail) 

Compared T/C Means W Value p Significance 

Allerød Base Camps and 

Special Task Camps 

97.5 0.737 Not significant 

YD Base Camps and Special 

Task Camps 

78 0.979 Not significant 

PB Base Camps and Special 

Task Camps 

28 0.183 Not significant 
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Northwest-South Dataset Comparisons 

A3.43: NTAXA 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

NW Allerød and S Allerød 1327 0.018 Significant 

NW YD and S YD 616.5 0.041 Significant 

NW PB and S PB 1079 0.067 Not significant 

 

A3.44: Simpsons Index 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

NW Allerød and S Allerød 1986 0.226 Not significant 

NW YD and S YD 583 0.020 Significant 

NW PB and S PB 1598 0.142 Not significant 

 

A3.45: Total Number of Artefacts per m2 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

NW Allerød and S Allerød 294 <0.00004 Significant  

NW YD and S YD 299 0.322 Not significant  

NW PB and S PB 292 0.006 Significant  
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A3.46: Total Number of Artefacts 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

NW Allerød and S Allerød 910 0.055 Near significant 

NW YD and S YD 643 0.653 Not significant  

NW PB and S PB 853 0.939 Not significant 

 

A3.47: Percentage Microliths in Total Assemblage  

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

NW Allerød and S Allerød 1157 0.987 Not significant  

NW YD and S YD 751 0.433 Not significant  

NW PB and S PB 524.5 0.007 Significant 

 

A3.48: Percentage of Microliths in Tool Assemblage  

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

NW Allerød and S Allerød 1934 0.877 Not significant  

NW YD and S YD 1082.5 0.088 Not significant 

NW PB and S PB 1371 0.095 Not significant 
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A3.49: Blank to Tool Ratio 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

NW Allerød and S Allerød 1054 0.453 Not significant 

NW YD and S YD 435 0.224 Not significant  

NW PB and S PB 762 0.817 Not significant  

 

A3.50: Blank to Core Ratio 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

NW Allerød and S Allerød 569 0.399 Not significant 

NW YD and S YD 535 0.396 Not significant 

NW PB and S PB 432 0.001 Significant 

 

A3.51: Percentage of Retouched and Utilised Blanks in Total Assemblage  

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

NW Allerød and S Allerød 742 0.005 Significant 

NW YD and S YD 269 0.345 Not significant  

NW PB and S PB 763 <0.0001 Significant 
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A3.52: Percentage of Retouched and Utilised Blanks in Total Assemblage  

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

NW Allerød and S Allerød 1056 0.001 Significant 

NW YD and S YD 395 0.862 Not significant 

NW PB and S PB 1302 <0.0001 Significant  

 

A3.53: Tool to Core Ratio 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

NW Allerød and S Allerød 595 0.077 Not significant 

NW YD and S YD 491.5 0.745 Not significant  

NW PB and S PB 472 0.0002 Significant  

 

A3.54: Base Camp Analysis Comparison: Blank to Tool Ratio 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

NW vs S Allerød Base Camps  236 0.315 Not significant 

NW vs S YD Base Camps  120 0.169 Not significant  

NW vs S PB Base Camps 85 0.025 Very low PB sample size 
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A3.55: Base Camp Analysis Comparison: Blank to Core Ratio 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

NW vs S Allerød Base Camps  118 0.158 Not significant 

NW vs S YD Base Camps  116 0.113 Not significant  

NW vs S PB Base Camps 51 0.669 Not significant  

 

A3.56: Base Camp Analysis Comparison: Tool to Core Ratio 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

NW vs S Allerød Base Camps  120 0.053 Not significant  

NW vs S YD Base Camps  86.5 0.846 Not significant  

NW vs S PB Base Camps 54 0.381 Not significant  

 

A3.57: Special Task Camp Analysis Comparison: Blank to Tool Ratio 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

NW vs S Allerød Special Task Camps  224 0.117 Not significant 

NW vs S YD Special Task Camps  159 0.573 Not significant 

NW vs S PB Special Task Camps 273 0.354 Not significant 
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A3.58: Special Task Camp Analysis Comparison: Blank to Core Ratio 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

NW vs S Allerød Special Task Camps  122.5 0.499 Not significant 

NW vs S YD Special Task Camps  126 0.781 Not significant  

NW vs S PB Special Task Camps 136 0.001 Significant  

 

A3.59: Special Task Camp Analysis Comparison: Tool to Core Ratio 

Mann-Whitney U Test (Two-Tail) 

Compared Means W Value p Significance 

NW vs S Allerød Special Task Camps  165 0.675 Not significant 

NW vs S YD Special Task Camps  172 0.977 Not significant  

NW vs S PB Special Task Camps 172 0.002 Low PB sample size 

 


