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MODELLING HOMININ DISPERSALS WITH AGENT-BASED MODELLING 
 

Izabela Anna Romanowska 

The early dispersals of hominins have been a major focus of Palaeolithic research in the 
last 50 years. In this dissertation I have applied a formal modelling technique, simulation, 
to a selection of archaeological research topics concerning hominin dispersals in order to 
test the suitability of this tool for formal theory development and hypothesis testing. 
Therefore, the aims of this research are twofold. The archaeological aim is to improve our 
understanding of hominin dispersals in the Pleistocene, whilst the methodological 
contribution was achieved by employing a relatively unknown and underused (in 
archaeology) computational tool.  

An overview of the existing data pertinent to the topic of Pleistocene hominin dispersals 
demonstrated that the current methodology used for researching hominin dispersals, that 
is data analysis paired with conceptual modelling, is unlikely to solve many of the existing 
research questions highlighting the need to assess a wider range of scientific tools in 
order to progress. To that end, two case studies were developed using a specific 
simulation technique: agent-based modelling.  

The first case study was used to evaluate if, and under what conditions, the early ‘Out of 
Africa’ dispersal could lead to a specific demographic pattern reflected in a disparity 
between two regions with different stone tool traditions known as the Movius line. The 
model comprises a dynamic environmental reconstruction of Old World vegetation in the 
timeframe 2.5-0.25 Ma, coupled with standard biological models of population growth 
and dispersal. It is demonstrated that, under a wide sweep of both environmental and 
behavioural parameter values, the demographic consequence of dispersal is not a gradual 
attenuation of the population size away from the point of origin but a pattern of 
ecologically driven local variation in population density.  

The second case study looks at the relationships between climate change, migration and 
the evolution of behavioural plasticity or versatility among hominins. The agent-based 
model investigates the dynamics between individuals with different adaptations (including 
‘versatilist’ individuals) within a non-homogenous population. The results show that 
dispersal accelerates the evolution of versatilism in the population, therefore promoting a 
more flexible range of adaptations. In addition, a set of scenarios was tested in which a 
dispersal wave crosses an environmental barrier. The results do not support the common 
intuition that such barriers shape the composition of hominin populations.  

The methodology presented here opens a new route to understanding large-scale spatio-
temporal patterns in the archaeological record as well as to testing many of the 
previously proposed factors affecting early hominins’ lives. It has the potential to provide 
new insights into a number of ongoing debates, in particular on the relationship between 
different processes involved in shaping the past such as demographics and cultural 
complexity. This study also highlights the potential of simulation studies for testing 
complex conceptual models and the importance of building reference frameworks based 
on known proxies in order to achieve more rigorous model development in Palaeolithic 
archaeology and beyond. 
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Chapter 1:   Introduction 

 

The early dispersals of hominins have been a major focus of Palaeolithic research 

in the last 50 years (Gamble 1993; 2013; Moncel 2010). The origin of the near 

global distribution of hominins dates back to ca. 1.8 Mya (million years ago) 

when the spatial range of hominins rapidly extended to areas outside of Africa in 

a process commonly termed the first ‘Out of Africa’ dispersal. In a relatively short 

time hominin groups colonised vast areas modifying their adaptive repertoire as 

they spread through new environments (e.g., Carbonell et al. 2010; Huffman et 

al. 2006; Lordkipanidze 2000). However, despite extensive research, many of the 

key questions related to the early hominin dispersals remain unanswered: what 

factors encouraged hominins to migrate in the first place? Which adaptations 

allowed them to cross boundaries between different environments? What 

mechanisms gave the Pleistocene dispersal the momentum it needed to reach the 

outskirts of the Old World quicker than the error margin of our modern dating 

techniques? What do the continental-scale cultural differences in stone tool 

assemblages represent?  

Previous research on the early dispersals has mostly focused on data collection, 

i.e., detecting, dating and analysing artefact assemblages and environmental 

evidence found at Lower Palaeolithic sites. This is accompanied by conceptual 

theory building, i.e., describing the possible mechanism of dispersal and 

explaining the detected data patterns, all done in natural language. However, 

despite the efforts put into studies of early dispersal, the discipline has not 

developed tools and scientifically rigorous frameworks to evaluate the myriad of 

conceptual models and to investigate more complex, multidimensional scenarios 

in a formal manner akin to methods employed in earth, biological and social 

sciences. New techniques arriving from disciplines rarely associated with 

archaeology or the humanities in general may now help to solve this issue. 

This dissertation will investigate the complex dynamics of Lower Pleistocene 

hominin dispersals using one such formal computational modelling technique - 

agent-based modelling. Working within the framework of complexity science, I 

develop two case studies using simulation to examine the complex interaction 

between global environmental fluctuations, human adaptations and population 

dynamics leading to the global distribution of the traces of hominins’ presence 

observable in the archaeological record. 
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The complex nature of this phenomenon requires a multiscalar and systemic 

approach focused on well-defined but relatively narrow research questions (Bunge 

2014; Moncel 2010). Therefore, the case studies developed over the course of 

this PhD focus on different elements involved in the early dispersals, from 

environmental conditions to population dynamics. In the process I will address 

the complexities emerging on different scales of analysis by shifting the focus of 

the dissertation between individual interactions, regional dependencies and 

global phenomena.  

1.1 Research aims, scope and structure of the dissertation 

1.1.1 The aims of the dissertation 

The aims of this dissertation are twofold. This PhD concerns Palaeolithic 

archaeology with a special emphasis on Pleistocene dispersals. The second focus 

is a methodological contribution, that is, assessing the implications of applying a 

relatively uncommon (to the discipline of archaeology) scientific method and the 

epistemological framework associated with it. The two aims are ultimately 

intertwined since I will evaluate the potential and challenges of using simulation 

modelling in the process of addressing specific archaeological research 

questions. Thus, the two main goals of this research are: 

1. To investigate - in the formal, quantitative environment of a computer 

simulation - some of the possible mechanisms that propelled, limited and 

shaped Pleistocene dispersals and to examine the role and impact of 

specific factors on the feasibility, form and timing of early hominin 

dispersals, such as population dynamics, environmental fluctuations and 

the evolution of behavioural plasticity. 

2. To evaluate the potential of computational modelling for archaeological 

applications within the context of Human Origins studies. In particular, 

assess its utility at different scales of analysis. To provide a clear account 

of the methodology including guidelines for best practice. 

In sum, the overarching goal of this research is to advance the study of 

Pleistocene dispersals using simulation modelling. The first aim is discussed in 

more detail in chapter 2 while the second is reviewed in section 1.3 of this 

chapter. More detailed research questions are defined in section 1.4 in relation to 

each case study.  
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1.1.2 The spatio-temporal scope of the dissertation 

This dissertation is primarily concerned with the time period between 2 Mya 

(million years ago) and 300 kya (thousands years ago), falling within the 

framework of the Lower Palaeolithic according to the chronological division in 

archaeology, or, in the geological nomenclature, the Lower as well as the early 

and middle parts of the Middle Pleistocene (Figure 2.1). The spatial scope of the 

dissertation can be broadly defined as the Old World (Africa and Eurasia) as no 

convincing evidence of hominin presence prior to the Upper Pleistocene have 

been reported from outside of this area. However, the some of the case studies 

have been built on a virtual environment and abstract spaces. For example the 

variability case study investigates general evolutionary mechanisms and could, in 

principle, apply to a wider time scale or species other than hominins.  

1.1.3 The structure of the dissertation 

This PhD is composed of six chapters and several appendices. The introduction 

outlines the research problem and places this dissertation in a wider academic 

context. The following chapter - Overview of Data and Theory - lists and discusses 

the archaeological evidence pertinent to the study of early hominin dispersal. In 

chapter 3 - Methodology - I have described in more detail the epistemology of 

computational modelling while walking the reader through all stages of 

simulation development, starting from formulating appropriate research 

questions to model dissemination and replication. Chapters four and five present 

the two case studies discussed below, while chapter six contains a more 

extended discussion and conclusion of the work undertaken. The appendices 

include the more technical content, such as the compilable code and pseudo-code 

of the simulations and also scripts used for data analysis and visualisation, an 

extended discussion on modelling decisions undertaken throughout the process 

of developing the model’s ontology, a detailed description of the equations used 

as well as a catalogue of all sites mentioned in chapter three.  Whenever possible 

these have been printed, but all the files can be accessed through the GitHub 

repository:  

github.com/izaromanowska/Modelling-Hominin-Dispersals-Using-Agent-based-

Modelling 

1.2 Research context: data, theory and previous models 

Scientific method is sometimes compared to a three-legged milking stool (e.g., 

Latané 1996) composed of observation (empirical data), theory (conceptual 
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frameworks and hypotheses) and modelling. Although it is possible to balance on 

a two legs of the stool (the data and the theory legs), the third leg provides 

stability and makes up for the limitations of the other two. Prior research on early 

hominin dispersals is a good example of a scientific area where the research 

effort was heavily invested in data collection and theory development while 

formal modelling is almost entirely absent from the debate.  

Thanks to the dedication of generations of archaeologists, palaeoanthropologists, 

quaternary scientists and other researchers we now have a significant amount of 

information on the early hominin dispersal (even if it falls short of what we would 

all wish to have). The field has also delivered a number of highly insightful 

conceptual models. In contrast, the third leg of the stool - modelling - is very 

short as the number of formal models of hominin dispersals in the Pleistocene is 

small. This would not be a problem if the quality and quantity of available data 

was extraordinarily strong, or if the studied phenomena were uncomplicated 

enough to be easily explained using simple hypotheses. However, none of this is 

true in regard to the first Out of Africa dispersal making the lack of the third leg 

problematic.  

To illustrate this point I will briefly review the available data and the major 

families of conceptual models highlighting the challenges researchers face when 

investigating Pleistocene dispersals using traditional methodology. Finally, a 

(necessarily short) overview of published computational models of early hominin 

dispersals will demonstrate the inadequacy of the third leg of the scientific stool 

while showcasing the potential of simulation techniques in creating a more 

robust investigative framework. This will provide the general academic context to 

the research undertaken in this dissertation. 

1.2.1 Data 

The particular type of data, which can be used to evaluate the patterns of early 

hominin dispersals, consists predominantly of: i) the geographical locations of 

known traces of hominin presence (i.e., archaeological sites), ii) the dates 

associated with hominin presence at these sites and iii) the typological attribution 

of the lithic (stone tools) assemblages found at these locations to a specific 

archaeological industry1. This type of data is commonly visualised in the form of 

distribution maps, sometimes with key localities or clusters of sites connected 

                                            
1 The term ‘industry’ is defined here as “sets of assemblages of the same material, 
especially stone and flint tool assemblages, that share features of their manufacture and 
have common products.” (Darvill 2009, 206). 
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with arrows to indicate the direction of dispersal (Antón and Swisher 2004; Shea 

2010).  

The most frequently invoked reason for the uncertainties regarding early 

hominins and their dispersals, is the quantity and quality of data available to 

researchers. In contrast to other disciplines archaeological data is inherently 

incomplete and non-systematically collected meaning that the sample available to 

us cannot be automatically assumed to be representative of the social and natural 

processes that occurred in the past. Apart from the obvious caveat, that all that is 

available to modern researchers are proxies of such processes, other factors 

muddle the picture even further: taphonomy (preservation), uneven history of 

research, uncertainties related to sites’ dating and assemblage attribution.  

First, the spatial distribution of archaeological sites is affected by 

postdepositional factors, such as the different preservation rates of different 

materials, local geologic and taphonomic conditions enabling or inhibiting the 

preservation of sites and the history and intensity of research conducted in 

different regions. Second, in many cases the dating comes with wide error bars or 

is not reliable (see Parés et al. 2013) because obtaining chronometric dates is 

impossible (e.g., Lebatard et al. 2014), because the dates were produced using 

outdated or less secure dating techniques (examples in: Bosinski 1996) or 

because their association with the archaeological material is disputed (e.g., 

Swisher et al. 1994). Third, the identification of the artefacts as human-made and 

their attribution to a specific industry (and even the definitions of the industries) 

may be controversial especially in cases where the number of finds is low. 

 Chapter 2 and Appendix A. Description of the sites give a detailed and up to 

date catalogue of the archaeological sites that can be related to early dispersals, 

their dating and the attribution of lithic assemblages. The aforementioned issues 

impacting the quality of data are discussed on a case-by-case basis.  

In sum, it is difficult to estimate to what extent, if at all, the sample of data that 

has been collected so far is representative of the processes that occurred in the 

past. Furthermore, even a high volume of field research is unlikely to significantly 

change this situation since the amount of information lost forever will always 

significantly surpass the amount of information available to us. This is not to say 

that further data collection is unnecessary: more data is always better than little 

data. However, the point is that the inherently incomplete nature of the 

archaeological record calls for the use of a wider range of methods to offset its 

limitations.  
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1.2.2 Theory 

The conceptual models related to the first Out of Africa dispersal can be broadly 

divided into two categories: i) data-driven models and ii) process-driven models. 

There are two main subtypes of the first category: data-driven models aiming to 

reconstruct how hominins colonized different parts of the world (the chronology, 

routes, etc.) and theory-driven models trying to broadly correlate the dispersal 

patterns with other large scale trends, for example changes in hominin cognition 

or global climatic fluctuations. The second type, theory building or process-driven 

models, focus mostly on unravelling the chain of events leading to the dispersal 

and on evaluating potential causes and limiting factors (e.g., Antón and Swisher 

2004).  

Many data-driven models are concerned with finding the most plausible routes of 

the first Out of Africa dispersal. Bearing in mind the taphonomy and history of 

research biases, the current academic consensus is that the origins of the first 

dispersal were located in Africa, likely East Africa (e.g., Rolland 1992; Carrión et 

al. 2011); thus the name - ‘Out of Africa’ dispersal. However, alternative 

directions of the dispersal (especially regarding the later phases) have been 

suggested: South Asia (Dennell and Roebroeks 2005; Dennell 2010), Central Asia 

(Rolland 1992) and East Asia (García-Sánchez 2006). The second research topic in 

this category are the different dispersal routes (Holmes 2007; Schattner and 

Lazar 2009; Kuhn 2010; Lahr 2010) and the question of the plausibility of 

hominins using short sea crossings such as the Gibraltar Strait or the Bab-el 

Mandeb Strait (Derricourt 2005; Beyin 2006). A related issue is what constituted 

barriers and fast track corridors for hominins (Lahr 2010; Norton 2010; Bailey 

and King 2011).  

Many models of the early dispersals concentrate on trying to delineate different 

phases of the peopling of the world and correlate them with other types of data, 

most commonly changes in lithic technology (e.g., Carbonell et al. 1999; 2010; 

Carbonell and Rodriguez 2006; Moncel 2010). In a similar vein, researchers have 

extensively investigated the relation between dispersal and climate change, using 

the temperature record and major turnovers and migrations of fauna as its 

proxies (Palombo and Mussi 2006; Carbonell et al. 2008; Agustí et al. 2009; Van 

der Made and Mateos 2010; Carrión et al. 2011; Van der Made 2011).  

Finally, in the second category of process-driven conceptual models 

archaeologists propose different mechanisms and scenarios of the early 

dispersals mostly trying to answer the question of why the dispersal occurred 
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(overview: Rolland 2010; 2014; Palombo 2013). Among the most often invoked 

causes are:  

● developments of stone tool technology (Carbonell et al. 2010); 

● changes in hominin morphology culminating in the evolution of new 

species (Rightmire 2001; Wells and Stock 2007) and leading to an 

increase in its home range (Antón and Swisher 2004); 

● a move to a higher trophic level (i.e., shift in hominin diet towards meat 

consumption), again, leading to an increase in the hominin home range 

(Walker and Shipman 1996; Foley 2001; 2002; Antón et al. 2002); 

● breaking an adaptation barrier, i.e., evolving cultural means, such as fire, 

shelters, clothing, etc., necessary for colonising higher latitudes (de 

Lumley 2006; Roebroeks and Villa 2011; Ashton and Lewis 2012); 

● better foraging strategies and reduction of competition with carnivores 

after their extinction (Turner 1992; Stiner 2002; Echassoux 2009); 

● leaving the tropical ‘disease belt’ (Bar-Yosef and Belfer-Cohen 2000). 

In sum, mature conceptual models that are well grounded in ecological, 

anthropological and archaeological theory are abundant in Human Origins 

studies. However, the theory development is done predominantly conceptually 

limiting the proposed scenarios to those simple enough to be manipulated 

conceptually (i.e., in their author’s head). In addition, their relation to the 

available data, in particular their exact data prediction (i.e., how the data is 

supposed to look if the model is correct), is poorly understood. The dearth of 

studies using formal tools for hypothesis testing means that there are limited 

means of assessing competing narratives. 

1.2.3 Modelling 

Previous attempts to model the first Out of Africa using simulation techniques are 

limited to: the ‘Stepping out’ model (Mithen and Reed 2002) and the unnamed 

models by Nikitas and Nikitas (2005) and by Wren et al. (2014). The first two were 

pilot implementations serving principally as a ‘proof of concept’ and focused on 

trying to replicate the pattern observed in the archaeological record rather than 

on exploring possible mechanisms of early dispersals and the internal dynamics 

of the hominin groups that might have led to the extension of their original home 

range.  

In further elaborations of the ‘Stepping Out’ model (Smith et al. 2009; Hughes et 

al. 2007), the authors looked more closely at the impact of environmental factors 

on the dispersal, as well as the implications for cultural diversity. However, they 

could only draw conclusions at a very general level, for example hinting at a 
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limited cultural transmission between Africa and Europe during the Middle 

Pleistocene (Smith et al. 2009). Only the most recent model by Wren and 

colleagues (2014) looked more closely at a potential mechanism driving hominin 

migration. It assessed the impact of a specific cognitive ability of early hominins, 

spatial foresight, on their ability to migrate. So far these three simulations had 

little impact on the academic community.  

A number of other simulation models of later human dispersals have been 

developed, including the dispersal of Homo sapiens (Callegari et al. 2013; 

Scherjon 2013), the peopling of the Americas (Steele et al. 1996; 1998), the 

spread of the Neolithic (e.g., Ackland et al. 2007; Steele 2009; Baggaley et al. 

2012; Isern and Fort 2012) and the peopling of the Pacific islands (Fitzpatrick and 

Callaghan 2013; Davies and Bickler 2015). These models simulating the dispersal 

process are very informative in terms of the methods used and the challenges of 

applying simulation techniques to archaeological research. However, the real 

systems they model differ significantly from the one this dissertation is 

concerned with, principally in terms of the time scale, the modelled entities and 

the level of detail present in the archaeological data used for their validation.  

In sum, the number of computational models of the Pleistocene dispersals stands 

in stark contrast to the breadth of the topic, the volume of work already 

undertaken, and the number of researchers interested in this subject. Thus, the 

primary contributions of this work in a methodological sense will be to expand 

the range of applications of simulation techniques in Palaeolithic archaeology and 

to test the suitability of computational modelling as a tool in archaeological 

research on a more diverse set of case studies, methods and types of models 

than has been done previously.  

1.3 The method 

Currently the methodology most commonly used in the study of the mechanisms 

behind Pleistocene dispersal is a combination of quantitative analysis of empirical 

data with conceptual modelling. Archaeologists make extensive use of analytical 

methods, such as statistics or spatial analysis, and apply them with scientific 

rigour. The use of quantitative methods to analyse data is not controversial. 

However, these methods were developed to analyse and detect patterns in the 

data and their application is typically restricted to this purpose (Thomas 1973; 

Barton 2014). On the other hand, formal tools used to study the processes that 

led to the occurrence of data patterns and to investigate causality and 
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interactions in past systems are rarely applied in archaeological research. The 

virtual lack of formal modelling in the discipline is problematic for three reasons.  

First, the early hominin dispersals were influenced by many factors, from 

genotypic and phenotypic adaptations and social factors to variable 

environmental pressures, the role of each is not fully understood. This makes it a 

highly complex and multidimensional system difficult to untangle and understand 

through simple conceptual modelling and referring to ‘common sense’ 

arguments (Neiman 1995).  

Secondly, the aforementioned limitations of the available archaeological data call 

for a wider application of methods allowing researchers to build models 

independent from the empirical record. Although ultimately all computational 

models are grounded in our current knowledge of the system, they are often built 

on what can be called the ‘academic consensus’ (Ahrweiler and Gilbert 2005) 

rather than specific data therefore their predictions can be compared to non-

systematically collected data, circumventing the limitations of the archaeological 

record discussed above.  

Finally, the evidence pertinent to the early hominins comes from a variety of 

sources and is studied by a wide range of specialists with very different 

backgrounds, from the biological sciences such as paleozoology, osteology and 

genetics, the earth sciences including geology and climate modelling, to 

disciplines related to the social sciences and humanities such as archaeology and 

anthropology. The challenge of combining all these different strands of evidence 

is difficult because different disciplines often present contradictory narratives of 

what might have happened in the past based on their particular data types, 

analytical approaches, and their research interests. Again, simple data analysis 

tools alone are unable to overcome these challenges.  

1.3.1 The potential and limitation of computational modelling 

I will argue that computational modelling provides an opportunity to tackle these 

issues, in particular the inherent limitations of the archaeological data and the 

informal nature of conceptual models. However, as all methods, simulation also 

has its own problems and limitations. I will briefly discuss them here to provide a 

rationale for using this particular tool (for extended discussion on the advantages 

and limitation of using simulation techniques see Chapter 3. Methodology).  

Although simulations reflect our current understanding of a given system, they 

can be used as a ‘virtual lab’, where the feasibility of different scenarios can be 
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tested in a secure, formal environment (Di Paolo et al. 2000; van der Leeuw 2004; 

Epstein 2006; Premo 2006; 2010). More importantly, the method helps to tackle 

the complexity of the system, where a multitude of factors can be considered at 

the same time, enabling researchers to move beyond simple ‘one factor explains 

all’ conceptual models. It also provides a powerful framework for integrating 

evidence derived from different data sources and may shed light on the reasons 

why some of them seem contradictory at the moment. Finally, even the 

formalisation of the proposed hypotheses, necessary for the coding of the model, 

helps to identify key entities and variables of the system and opens a window for 

the application of other quantitative methods. 

Simulation as any scientific method does have its limitations: from the problems 

of validation and equifinality (Oreskes et al. 1994; Premo 2010) to the 

‘opaqueness’ (Di Paolo et al. 2000) of the patterns in the results, which have to 

be recognised and analysed (Evans et al. 2013) and the trade-off between 

generality, realism, precision and tractability (Bullock 2014) to name just a few. 

Equally, it is not ‘discovery science’ (Bullock pers. comm. 2015), that is, it cannot 

generate new evidence or contradict existing evidence, just like new finds (data 

collection) can. 

In sum, simulation enables sophisticated manipulation of conceptual models and 

relates them in a quantitative fashion to data. Its primary function is to support 

‘thought experiments’ (conceptual modelling) through the application of robust 

and computationally more powerful formal framework.  

1.3.2 Agent-based modelling 

Although a wide range of techniques will be used throughout this dissertation, 

ranging from mathematical modelling and statistics to geographical analysis 

using Geographic Information Systems (GIS), the main analytical method 

employed is Agent-based Modelling (ABM) - a widely-recognised component of 

the complexity science toolkit (Castellani 2009). ABM presents a number of 

advantages over other types of simulation techniques making it the most suitable 

approach for addressing the research questions posed above and for using it in 

the context of archaeological inquiry.  

ABM is considered a ‘bottom-up’ approach as it models heterogenous individuals 

whose actions and interactions, both with each other and with the environment, 

lead to emergent population-level patterns. This method is often contrasted with 

Equation-based Modelling (EBM), or the ‘top-down’ approach where a 

homogenous population is defined by a set of variables and the individual actors 
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are treated in aggregation. In contrast, ABM allows the researcher to model 

mechanisms, for example an individual’s cognitive processes, such as decision 

making, and to introduce heterogeneity in the population, be it genetic and 

cultural diversity or even simple age and sex differences. As a result, the method 

enables a crossover between two levels of analysis: an individual perspective and 

the global or population-level patterns representing the consequences of 

individual actions.  

In addition, ABM provides a platform where the integration of the environment 

(one of the key elements of Pleistocene dispersals) as one of the primary model 

entities is considerably facilitated. Similarly, the ability to construct models out of 

familiar entities (people, groups, households etc.) rather than in the non-natural 

language of equations makes ABMs easier to consult with and communicate to 

the archaeological audience.  

Finally, the explicit focus on individuals and agency is a particularly important 

feature for archaeologists, who have for decades been concerned with the lack of 

individual perspective in the focus of archaeological practice. As Gamble and Porr 

argued “the individual needs to be seen as the centre of causality in order to 

understand why change and variation occur. It is individuals that make decisions 

and deal with choices” (Gamble and Porr 2005, 7), nevertheless many researchers 

believe that “the individual questions (...) the current practice of the Palaeolithic 

[research], so better to hide the concept in the box marked ‘scientific 

unamenable’” (Gamble and Porr 2005, 12). Computational modelling and ABM in 

particular hold a great potential for solving this controversy as it provides much 

needed means for testing in a formal (i.e., unquestionably ‘scientific’) 

environment the link between the individual decisions, and the population level 

consequences of the aggregation of these actions detectable in the 

archaeological record.  

1.4 The case studies 

The analytical part of this PhD consists of a data description and analysis chapter 

and two case studies presenting simulations of hominin Pleistocene dispersals. 

Although computational modelling can, potentially, accommodate a large number 

of entities and parameters the best results are often achieved with well designed 

simple models focused on a particular aspect of a system (Premo 2010). This is 

particularly true for models aimed at explanation rather than prediction (Epstein 

2008; Premo 2010), which for obvious reasons are more suitable for 

archaeological case studies. Thus, this dissertation does not aspire to ‘solve’ the 
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first Out of Africa dispersal in one simulation but hopes to shed light on a set of 

specific research questions pertinent to the subject.   

Hence this division of this dissertation into two case studies is dictated by the 

nature of the method used as well as by this project’s aim to investigate 

processes at different scales of analysis: micro (individual), meso (group) and 

macro (global) levels. The two case studies also employ two different approaches 

in formal modelling: theory building (Variability Case Study) and hypothesis 

testing (Movius Case Study). This is guided by a methodological aim to provide a 

fuller picture of the benefits and limitations of different simulation methods and 

approaches applied to archaeological context.  

The first case study looks at the dispersal from a near global perspective. It 

investigates whether population dynamics resulting from the first Out of Africa 

dispersal could have led to the continental-scale pattern in the archaeological 

record known as the Movius Line. It will serve as an example of using simulation 

to test a conceptual model proposed by archaeologists. In contrast, the second 

case study focuses on the lowest possible scale - the individuals’ genetic makeup 

representing specific environmental adaptations. It is concerned with the 

interplay between climate fluctuations and hominin dependence on specific 

behavioural adaptations to negotiate variations in their environment. It will serve 

as an example of using simulation to evaluate the potential of abstract, 

subjunctive models for theory building.  

1.4.1 The Movius Line case study 

OVERVIEW 

It has been suggested (e.g., Lycett and Norton 2010; Shea 2010) that population 

density gradually diminished in areas further away from the supposed region of 

origin of the first Out of Africa dispersal. As a result, it is possible that the places 

furthest away from East Africa were populated by smaller and less well connected 

human groups. Such fragmented population could not sustain the sophisticated 

technological knowledge necessary to produce Mode 2 (Acheulean) implements 

and had to revert to the simpler knapping strategies used to produce Mode 1 

(Oldowan) assemblages. This process resulted in an archaeologically observable 

spatial distribution pattern commonly termed ‘the Movius Line’. The Movius line 

is a virtual border between regions where two distinctive lithic industries were 

employed: Acheulean (Mode 2) in Africa, Western Europe, the Middle East and 

India, and Oldowan (Mode 1) in Central and Eastern Europe and the remainder of 

Asia (Movius 1946; 1948). The aim of this case study is to evaluate the impact of 
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dispersal on the population density in Central, South and Southeast Asia 

throughout a timespan comparable to the Early and Middle Pleistocene (1.8-0.5 

Ma) and to see if the proposed demographic disparity can be replicated and if so, 

under what conditions. The Movius Line case study also serves as a proof of 

concept showcasing the capacity of the method to create a robust formal 

research framework for testing conceptual models. In a methodological sense, 

this case study will evaluate the general theoretical and methodological 

foundations for investigating hominin dispersal using computational modelling. 

RESEARCH QUESTIONS 

Given the specified conditions and assumptions imposed in the simulation: 

1.  Is a decrease in population density with increasing distance from the point 

of origin of the first Out of Africa plausible? 

2.  Under what parameter values would the model conform with the 

archaeological data? Are those values within reasonable ranges (as 

suggested by parameter ranges observed in modern hunter gatherers)? 

3. Can we propose an(y) alternative factor(s) that could have caused the 

proposed demographic pattern? 

THE MODEL 

The simulation consists of two main elements: i) a deterministic dispersal process 

based on population growth and diffusion; and ii) an underlying dynamic 

environmental friction map of the Old World based on the BRIDGE (2013) climatic 

reconstruction and bathymetric data capturing climatic variation and coastal 

fluctuations during the Lower and Middle Pleistocene.  

The environmental layer of the simulation is represented as a grid of biomes 

which change dynamically according to a temperature curve spanning the last 2 

million years. The region of East Africa is seeded with the initial population. This 

population grows in each step following the standard population growth function 

and is given a chance to expand in four cardinal directions (North-South-East-

West) from the grid square it occupies. Agents’ variables (population growth, 

diffusion rates and carrying capacity) are dependant on the environmental value 

of their grid cell and are parameterised using a large sample (> 250 groups) of 

aggregated values derived from modern hunter-gatherers demographics (Binford 

2001).  
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1.4.2 The Variability case study 

OVERVIEW 

The second case study is developed to explore hominin population dynamics and 

the relationship between climate change, behavioural plasticity and 

demographics. It investigates the ‘variability selection’ hypothesis proposed by 

Potts (1996; 1998), and formalised by Grove (2011). The focus of this case study 

is the interaction between environmental change and the evolution of adaptive 

versatility. ‘Adaptive versatility’ or ‘behavioural plasticity’ is understood here as a 

set of adaptations geared towards dealing with change rather than any specific 

environmental conditions. The evolution of such adaptations is said to have 

occurred among hominins during periods of strong environmental fluctuations 

between 2.5Mya and 300kya and was likely to have a profound impact on the 

ability of hominins to expand from their original home range. However, the exact 

dependencies and interactions between the system elements have so far not been 

conclusively determined.  

The main methodological goal of this case study is to expand and elaborate an 

existing model by refocusing it on the question of the early dispersal. This case 

study will also showcase the use of simulation for constructing abstract, 

subjunctive (‘if-then’) models and supporting theory building in a formal, 

quantitative environment. 

RESEARCH QUESTIONS 

1.  What is the impact of migration on the evolution of versatilist genes? Is 

behavioural plasticity a necessary ingredient or an inhibiting factor for 

dispersal? Does dispersal promote or limit the frequency of versatilist 

genes? 

2.  Does spatial structuring occur as a result of dispersal? If so, which 

genetic types of individuals (specialists, generalists, versatilists) 

constitute the dispersal front? 

3.  What is the impact of environmental barriers on the dispersing 

population? 

THE MODEL 

The ABM model is an extension of an EBM simulation, the ‘single locus’ model, 

developed by Grove (2011) reimplemented to an ABM for the purpose of this 

study. Each agent is born with one of nine combinations of genes (including a 
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‘plasticity’ gene) giving it a variable ability to cope with the current environmental 

conditions (codified as individual’s fitness). Agent’s fitness determines its 

chances of reproducing (using the roulette wheel algorithm) and passing its 

genes to the next generation as well as its propensity to migrate from the 

original grid cell. In time the overall makeup in the population changes as a 

response to the fluctuating climate and the migration process.  

1.5 Conclusions 

In this dissertation I am applying formal modelling methods, widely used in other 

disciplines but uncommon and relatively unknown in archaeology to investigate 

the dynamics of the early hominin dispersal in the Pleistocene. The combination 

of applying a ‘new’ method while investigating archaeological research questions 

means that the contribution of this research are equally twofold - archaeological 

and methodological.  

The archaeological contribution of this research is to enhance our understanding 

of the interaction between hominin population dynamics, global climate change 

and migration patterns in the Lower and early Middle Pleistocene. To achieve this 

goal, I have analysed the currently available data to capture macro scale patterns 

related to the first Out of Africa and developed two simulations concerning early 

hominin dispersal.  

In terms of the methodological context, the traditional archaeological 

methodology of collecting and analysis data followed by their interpretation 

(conceptual modelling) was eschewed for an entirely different research process. 

Existing conceptual models were formalised, codified and run as simulations. 

Their results were then compared with patterns detected in archaeological data 

and predictions provided by the conceptual models themselves. This reversal of 

the research process from data analysis followed by modelling to modelling 

followed by data validation is a radical departure from the standard 

archaeological practice. Since, as a whole, archaeology is not a computationally 

heavy discipline, it means that the case studies presented here are among a 

handful of formal computational models developed in the Human Origins studies. 

Therefore, the methodological contribution of this dissertation to the wider 

community of archaeologists is the assessment of a ‘new’ method for theory 

building and hypothesis testing. This assessment will be based on the results and 

conclusions drawn from the case studies. 
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Summary 

The aim of this data and theory overview chapter is to sketch out the current 

state of knowledge regarding the ‘Out of Africa’ dispersals and to place the 

contribution of this thesis within a broader research landscape. It provides the 

research context with a particular emphasis on the data and conceptual models 

that informed the development of the two case studies presented in this thesis. 

In the first half of this chapter I provide an overview of the evidence for the 

extension of the hominin home-range over time. The data come in the form of 

archaeological localities, their chronology and the different types of lithic 

assemblages found at them. Stone tool industries are the main currency of 

Palaeolithic research, hence the changes in the distribution of Lower Palaeolithic 

lithic technocomplexes in each region are also discussed. The resulting series of 

distribution maps show patterns representing the current evidence regarding the 

Out of Africa dispersals. The second part of this overview introduces and 

discusses published conceptual models (hypotheses) aiming to explain some of 

these patterns or to propose processes and mechanisms that played a part in 

early hominin dispersals. I distinguish between two types: models that try to 

summarise the data in the most parsimonious way (e.g. by reconstructing the 

‘Out of Africa’ routes) and models focusing on identifying mechanisms 

underlying the dispersals (e.g. different scenarios exploring the potential triggers 

of large scale hominin movements).  

This review demonstrates that, although the general research framework based 

on the available data is consistent, it is also subject to frequent changes as new 

sites are published and old sites are re-dated or re-evaluated. Also, large 

uncertainties regarding the more detailed aspects of the early hominin dispersals 

still exist. Similarly, the overview of the conceptual models shows that despite the 

strong interest in causal mechanisms and processes behind the patterns 

observed in the data, the discipline is lacking a robust tool for testing hypotheses 

for internal consistency and against the archaeological record.  
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2.1 Introduction 

This chapter will consist of two parts. The first is an overview of the currently 

available data consisting of the location, the chronology and the type of lithic 

assemblages of the earliest archaeological sites found in and outside of Africa. 

Often other types of information can also be derived from Palaeolithic sites, for 

example: a more detailed environmental reconstruction based on the 

environmental record, the spatial organisation of camps, the technological 

choices made by hominins, mobility patterns reconstructed from the raw 

materials provenancing or elements of physical evolution derived from studying 

hominin fossils, etc. Nevertheless, these types of information are only indirectly 

pertinent to the study of the early hominin dispersals. Instead, this overview 

focuses on the evidence for the extension of the hominin home-range over time. 

The second part of this chapter will provide a brief summary of the conceptual 

models concerned with the early hominin dispersals.  

The aim of this chapter, therefore, is to sketch out the current state of knowledge 

regarding the ‘Out of Africa’ dispersals and to place this contribution within a 

broader research landscape. It provides the research context with a special 

emphasis on data and conceptual models that informed the development of the 

two case studies presented further. A more detailed description of archaeological 

sites can be found in Appendix A. Description of sites. A more detailed 

discussion on research particularly relevant to the case studies is included in their 

respective chapters (Chapters 4 and 5). A very detailed review of published 

simulation models concerning hominin migrations is integrated in Chapter 3. 

Methodology.   

The study area was divided into regions following a conventional geographic 

division (used for example in Smith 2014) and in the case of Europe, a simplified 

division based on one proposed in Gamble (2002). The selection of sites 

described in the review is guided by the topic of hominin dispersal. Therefore, 

sites representing the first occurrence of hominin presence in a region were 

included in all instances. In many cases there are significant uncertainties in 

terms of the site’s chronology and the lithic assemblage (the dates are insecure 

and/or the artefacts are controversial). For this reason, the earliest undisputed 

sites were also included. On top of that, a number of conditions were imposed. 

Finds coming from surface collections with no secure dating are mentioned in the 

text only if no other traces of early hominin presence have been reported in the 

region. These type of finds, although the most common, are also the most 
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ambiguous as their dating is notoriously inaccurate and often their collection 

consists of picking the ‘best looking’ pieces from vast naturally occurring 

outcrops. Also, very small (below 20 pieces), controversial assemblages were only 

described if no better record of equivalent age is known from the region. Finally, 

sites dated to the second half of Middle Pleistocene were only mentioned if no 

older traces of hominin occupation were known from the region. Sites younger 

than the Middle Pleistocene were not included, even if considered to be the oldest 

in the region, as they are unlikely to relate to the first Out of Africa (following the 

most recent SQS/INQUA division, Figure 2.1).  

 

 

Figure 2-1 The chronological division of the Pleistocene.  

Image source: quaternary.stratigraphy.org.  

2.1.1 Definitions 

This study is concerned with a dispersal defined as the spatial extension of the 

home range of a species or genus over time. There are several terms used to 

describe this type of process. Although often used interchangeably, their 

definitions differ in terms of the emphasis on different characteristics of 

dispersals: the scale of movement, change in adaptations and the nature of 

movement. The definitions presented here come from Gamble (1993, 7, Table 

1.1). 

Migration – a small scale, in terms of time and space, movement of people and 

groups from one point location to another. Some authors use the term to 

describe only seasonal and cyclic movements, for example annual animal 

Figure not shown due to copy rights restrictions.
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migrations to their breeding grounds. It is common to consider large-scale 

movements in terms of aggregated migration events resulting cumulatively in a 

dispersal over long time periods. 

Dispersal – the act of spreading out by members of one species over not 

previously occupied areas. 

Diffusion – although occasionally used in the same way as ‘dispersal’, the term 

diffusion often denotes a spread of cultural feature or marker (e.g., different 

subsistence strategy such as agriculture, a new type of pottery decoration, etc.) 

rather than physical movement of people (although the two may be related). Since 

both produce similar archaeological consequences, it is often difficult to ascertain 

which type of processes occurred (see Fort 2012) 

Colonisation – a large-scale event in which members of a given species 

transverses a significant geographical and/or environmental boundary. This is 

usually associated with a shift in their adaptations. 

Peopling – is largely synonymous to dispersal but with a more anthropocentric 

feel to it.  

2.1.2 Early Hominin Dispersals - the data 

As discussed in section 1.3.1 (Chapter 1. Introduction) the available data related 

to the early hominin dispersal consists of the locations of archaeological sites, 

their dating and the lithic assemblages. In addition, at some of the sites 

environmental sampling enabled quaternary scientists to reconstruct the local 

environmental condition. Thus each site can be regarded as a spatio-temporal 

data point. When grouped together with other sites and ordered chronologically, 

their aggregated pattern shows the change in the spatial distribution of the 

hominin home-range (area of hominin presence) over time. However, this 

distribution is affected by a number of factors (see Roebroeks 2006).  

First, the uncertainty in the global distribution of sites may be a result of: 

• Preservation: the preservation of archaeological sites differs between 

environments. For example, material deposited in forested areas is 

unlikely to be preserved; similarly many sites have been destroyed by the 

progressing glacials and rising sea levels. 

• Visibility: certain regions afford better survey visibility of archaeological 

sites. In particular areas with high level of tectonic activity produce 
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sediment uplifts, which expose ancient sites; also, caves provide a 

particularly good environment in terms of preservation hence regions with 

extensive karstic landscape are more likely to feature early sites.  

• History of research: some regions have been more intensively surveyed 

than others. For example, south-west France or Great Britain have a history 

of Palaeolithic survey reaching 18th century; in contrast, research in Central 

Asia or Arabia only commenced in the last few decades. On a more local 

scale, caves are considered likely locations for early sites, hence they are 

also more likely to be surveyed. 

Second, the information coming from archaeological sites is often affected by two 

sources of uncertainty:  

1. Their dating is unreliable, and  

2. the lithic assemblage may represent naturally fractured rocks 

(geofacts) rather than intentionally manufactured artefacts.  

Regarding the first point, radiometric dates are generally regarded as more 

‘secure’ than chronologies based on geological or faunal comparison. However, 

this notion does not apply uniformly to every region as the geology of certain 

areas may be well understood (e.g., East Africa, the Thames Valley) or the 

geological setting is relatively easy to interpret (e.g., the Chinese loess record, 

the East African volcanic tephras). Similarly, faunal comparison can provide 

secure dating in areas where the evolutionary sequence of now extinct species is 

particularly well documented (e.g., the pig teeth record from the site of Omo, 

Ethiopia (Johanson and Edey 1981)).  

Regarding the second point, in some cases the artefactual nature of the lithic 

assemblages is debatable. High-energy environments, for example, areas of high 

volcanic activity or rapid flow rivers, produce naturally fractured rocks that may 

be mistaken for intentionally knapped stones. The probability of such mistake 

increases if the assemblage is particularly small and collected from the surface 

(Roebroeks and Kolfschoten 1995). A related issue is the difficulty of placing 

lithic assemblages within the existing typological frameworks which can differ 

significantly from one research tradition to another (e.g., Clark’s modes, the 

Système Logique Analytique (SLA), etc.).  

Finally, the terminology used to describe the assemblages depends on the 

country of origins of the researchers. This ambivalence of terms between schools, 

apart from the obvious language difference, is a direct result of the fact that 
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terminology used in one region is unlikely to capture the variability of local 

assemblages in other parts of the world. Thus, researchers in areas, for example, 

rich in handaxes developed more detailed typological frameworks to describe 

their bifaces than researchers in regions where handaxes do not occur and where 

most of the research effort goes (understandably) into producing typological 

schemes on the basis of the locally most dominant tool type, the asymmetric 

knives, for example.  

For the reasons described above, this catalogue of sites is not restricted to the 

geographical location, date or type of lithic assemblage but also includes the 

method of dating, the number of pieces in the assemblage and a note on how 

controversial both the dating and the lithics are. From those, the ‘reliability’ score 

is constructed. Sites with the highest score (1) “definitely reliable” meet the 

following criteria: i) they have been dated using a combination of methods 

(including at least one radiometric), which corroborate each other; ii) the lithic 

assemblage is large (over 50 worked pieces) or non-disputable (e.g. it includes a 

handaxe), and iii) they have been excavated from a secure archaeological context 

and not surface collected.  

If any of these conditions are not met the site falls into a “ strong maybe” 

category (score 2). This score implies strong dating reliability, i.e., more than one 

method used but the range may be wider (e.g., the date is either 1.8Mya or 

1.3Mya depending on a particular interpretation) or the only radiometric method 

is palaeomagnetism. If questions have been raised regarding the artefactual 

nature of the assemblage, at least one independent researcher (that did not take 

part in the discovery) must have confirmed it. Sites with the lowest score, “almost 

certainly not reliable”, include localities dated on the basis of their geological 

position (where no strong geological framework exists) or spurious faunal 

correlations, or/and their assemblage is particularly small or controversial. All 

surface finds and finds in disturbed contexts fall into this category. 

The lithics assemblages were characterised using a general typological 

framework: an altered version of Clark’s five modes. Throughout the thesis, 

“Mode 1” denotes assemblages belonging to the Oldowan technocomplex 

(including pre-Oldowan as defined by de Lumley et al. (2009)) and characterised 

by simple knapping techniques and lack of handaxes. “Mode 2” describes 

assemblages classified as any type of Acheulean. “Mode 1” - “Oldowan”, and 

“Mode 2” - “Acheulean” will be used interchangeably throughout the text. An 

additional category of “flake industries” was added because Clark’s “Mode 3” 
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refers to assemblages containing Levallois elements and is, therefore, not an 

appropriate term in the context of this study.  

Oldowan and Acheulean represent two distinctive methods of producing stone 

tools. Oldowan predates Acheulean by at least half a million years (Asfaw et al. 

1992) and is commonly considered a simpler, unsophisticated technology related 

to short time depth planning and limited cognitive capabilities (Wynn 1995; Cole 

2011). The tools are produced by débitage – a technique in which the goal of the 

chaîne opératoire (tool reduction sequence) is to obtain flakes by removing them 

from a core. That is, the detached fragments are used as ‘tools’ or blanks for 

tools and the remaining chunk of the raw material is ‘the waste’. The makers of 

the Oldowan are believed to be the first hominins to disperse out of Africa 

(Carbonell et al. 1999b). 

Approximately 1.7Mya the first Acheulean handaxes were produced in Africa 

(Asfaw et al. 1992). The production technique of bifacial tools (handaxes), known 

as façonage, consists of removing the bulk of the raw material in order to shape a 

tool. Thus, contrary to the débitage, the remaining core is ‘the tool’, while the 

flakes are considered ‘the waste’. However, handaxes usually constitute only a 

fraction of the lithic assemblage and the remainder of tools are produced by 

débitage. The first instances of Acheulean outside of Africa are dated to 1.5Mya. 

By 0.5 Mya Acheulean spread throughout most of the Old World (Carbonell et al. 

1999b).  

The flake industries label is defined as an assemblage characterised by the use of 

more sophisticated knapping techniques than the ones known from Mode 1 but 

not containing handaxes. Since the definition of what constitutes ‘more 

sophisticated’ is ambiguous, in practice this is very often determined 

chronologically. Assemblages without bifaces dated after 0.5Mya are rarely 

described as Mode 1 (regardless of the actual knapping techniques used), instead 

researchers variously assign them to such units as ‘clactonian’, ‘tayacian’, 

‘charentian’, ‘colombian’, ‘assemblages with no handaxes’ or ‘the small tools 

industry’. All sites described using one of these terms were grouped into the 

flake industries category. 

2.2 Early Hominin Dispersals - the sites 

This section provides only a cursory overview of the earliest known archaeological 

sites across the Old World. The aim of this section is to provide a discussion of 

the patterns of dispersal that can be deduced from the currently available 
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evidence. For a detailed description of the sites, including a much wider 

selection, assessment of the reliability of their dating and the controversies 

related to the assemblages see Appendix A. Description of sites and the 

catalogue in Appendix B.  

 

Figure 2-2  Map of archaeological localities in East Africa.  

Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, 

red triangles - flake industries.   

2.2.1 Africa 

The earliest evidence for both tool making and hominin fossils have been found 

in Africa (Stringer and Andrews 2005, 114-123; Clarke 2014) with the oldest 

archaeological finds clustering in East and South Africa (Figures 2.2 and 2.3). 

Equally, these two regions provided the majority of fossils used to reconstruct 

hominin evolution. In East Africa, the sites are primarily located along the Great 

Rift Valley (Figure 2.2), which provides good visibility of ancient deposits, 

whereas most of the South African sites are found in caves (Figure 2.3). The 

oldest archaeological sites, Dikika and Lomekwi 3 are dated to over 3Mya, 

although the evidence they provide for tool using and tool making is indirect 

(Harmand et al. 2015; McPherron et al. 2010). Although there are a number of 

sites dated to 2.0Mya and earlier in the region (e.g., Kada Gona, Omo, Lokalalei, 
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Mwimbi and Sterkfontein), it is only after 1.8Mya that the archaeological record of 

East and South Africa becomes continuous and much richer than before (de la 

Torre 2011; Granger et al. 2015; Harris et al. 2013; Semaw et al. 1997). 

Currently, East African sites significantly predate any known traces of early 

hominin presence anywhere else in the world. Although there are a few highly 

controversial localities in Asia dated to ca. 2.0Mya (see below), none of them is 

younger than the securely dated East African sites. Equally, Africa (but not 

exclusively East Africa) is home to fossils representing all of the earliest hominin 

forms. As such, the notion that the first hominin dispersal originated in Africa is 

currently strongly supported by the available data. Pinning down a more exact 

location is difficult given the low preservation and visibility of sites in many 

regions of Africa. Among the areas where discoveries of Lower Pleistocene finds 

are possible, East Africa currently holds the archaeological record containing the 

oldest disputed and undisputed archaeological sites, closely followed by the only 

slightly younger record of South Africa.  

 

 

Figure 2-3  Map of archaeological localities in South Africa.  

 Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, 

red triangles - flake industries.   
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Similarly, all of the oldest known instances of Acheulean assemblages are known 

from East and South Africa. Currently, the oldest Mode 2 site is Kokiselei 4 in 

Kenya, dated to 1.77Mya (Lepre et al. 2011), followed by a number of marginally 

later finds such as Konso Gardula or Gona in East Turkana (Beyene et al. 2013; 

Kuman 2014). Mode 1 assemblages continue in the region and are sometimes 

found, for example in Olduvai, interstratified with Mode 2 levels. Also, 

assemblages with infrequent LCTs are considered an immediate form between 

the two labeled ‘developed Oldowan’. Again, given the presence of an 

‘intermediate’ industry and the oldest dates, East Africa remains a prime 

candidate as the source area of Acheulean (de la Torre 2011).  

Compared to East Africa, the archaeological record of the north of the continent 

is rather limited and relatively late (Aouraghe 2006) (Figure 2.4). The finds from 

the main three sites: Aïn Hanech (Sahnouni 2006), Tighenif (Geraads et al. 1986), 

and the Casablanca sequence (Raynal et al. 2002a) are all significantly younger as 

compared to East and South African localities. The oldest traces of hominin 

presence are dated to 1.4Mya (at Aïn Hanech, although an alternative date of 

1.8Mya has also been suggested), that is, over a million years after the oldest 

undisputed site in East Africa. The oldest Mode 2 assemblage (at Thomas Quarry) 

is dated to 1.0Mya - postdating the earliest Acheulean in East Africa by almost 

800 000 years. These sites are also considerably younger than the archaeological 

record of the Levant (see below). However, it is not possible to say whether this 

reflects a true pattern in the data or modern research bias. On the one hand, 

although the levels of aridification of the Sahara belt fluctuated significantly 

throughout the Pleistocene, the desert might have been a significant barrier 

slowing down dispersal towards the Mediterranean coast where all of the sites are 

located. On the other hand, only limited research has been undertaken in North 

Africa whilst modern day Israel is one of the most intensely studied regions. This 

disproportion in research intensity could account for the lack of early sites in the 

region. 
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Figure 2-4  Map of archaeological localities in North Africa.  

 Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, 

red triangles - flake industries.   

2.2.2 Asia 

The area stretching from the southern Levant to the Caucasus Mountains is often 

considered an extension of the Great Rift Valley, so it is not surprising that the 

oldest traces of hominin presence outside of Africa are found here (Figures 2.5 

and 2.6). In addition, the region is the main ‘crossroads’ between Africa, Asia and 

Europe providing the most direct dispersal routes overland. Thanks to the 

mountainous and highly tectonic landscape, the region abounds in caves and 

sediment exposures that can host remnants of hominin occupation. Nevertheless, 

many sites lack secure dating and/or the assemblages are small and consisting of 

fractured pieces which could form naturally in a high energy environment.  

The earliest reported site in the region is Yiron, Israel. However, its very early 

dating (>2.4Mya), as well as its lithic assemblage (only 10 pieces), are highly 

contentious (Ronen 2006). Much more definite evidence comes from the site of 

Dmanisi in Georgia. Securely dated to 1.85-1.77Mya, it has furnished an 

abundant lithic assemblage (Mode 1) as well as numerous hominin fossils 

classified as the new species Homo georgicus (de Lumley et al. 2002; Ferring et 

al. 2011). The most prolific Levantine site, Ubeidiya, has been recently re-dated to 

1.5Mya and together with a handful of sites with less secure chronologies (such 

as Nahal Zihor or Hummal) constitute the oldest cluster of hominin traces in the 

region (Martínez-Navarro et al. 2009).   
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Figure 2-5  Map of archaeological localities in the Levant.  

 Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, 

red triangles - flake industries.   

Because of the geographical location of the region, dating its earliest hominin 

presence is key for establishing the chronology of the first ‘Out of Africa’ 

dispersal. This currently gives an age estimation of 1.8Mya for the onset of the 

dispersal. This is substantially younger than the earliest archaeological sites in 

Africa but also, and perhaps more interestingly, coincidences with the appearance 

of Mode 2 technology in the archaeological record. Nevertheless, all of the 

earliest sites in the Levant and Caucasus belong to Mode 1 and it is not until 

almost half a million years later that Acheulean sites start to appear outside of 

Africa. 

The earliest Mode 2 assemblages found in the Levant date to around the 

Brunhes/Matuyama boundary of 0.78Mya, for example at Gesher Benot Yaaqov or 

Latamne (Bar-Yosef 1994; Goren-Inbar et al. 2000). The Acheulean of the 

Caucasus is poorly understood due to the lack of stratified and reliably dated 

sites. In general, however, it appears to postdate 0.5Mya (Doronichev 2008). 

Finally, the assemblages of the Caucasian site of Treugol’naya Cave, and 

Levantine sites of Evron Quarry and Bizat Ruhama have been described as 

belonging to the ‘small tools industry’ (Derevianko 2006; Doronichev and 

Golovanova 2010). It is unclear if this categorisation into a new technoindustry is 
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a valid technological delimitation between different cultural traditions or just a 

relic of, for example, a specific raw material situation of the sites.  

The archaeological record of the Levant and Caucasus fit well within the 

previously widely accepted narrative of the first Out of Africa dispersal. The first 

expansion around 1.8Mya was carried out by makers of Mode 1 type tools, 

followed by a wave of Mode 2 carriers around the Brunhes/Matuyama boundary 

of 0.78Mya. This framework is entirely consistent with the European record and 

was therefore strongly supported by European researchers who traditionally 

dominate the academic discourse. However, as we will see further on in this 

chapter, the steady flow of new discoveries from regions further to the east has 

recently forced a reassessment of this narrative.  

In contrast to the rich record of the Levant and Caucasus, the neighbouring 

regions of Anatolia and Arabia have only provided very limited evidence for early 

hominin presence (Figures 2.7 and 2.8). Although many surface collections have 

been tentatively ascribed to Lower and Early Middle Pleistocene, there is a 

distinctive lack of stratified sites with secure radiometric dates in these parts of 

the world. This makes establishing a chronological framework particularly 

problematic.  

 

Figure 2-6  Map of archaeological localities in the Caucasus area.  
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 Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, 

red triangles - flake industries.   

 

Figure 2-7  Map of archaeological localities in Anatolia.  

 Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, 

red triangles - flake industries.   

Given the current evidence, the earliest presence of hominins in Anatolia dates to 

1.3Mya at most (the cranium from Kocabaş, Turkey and perhaps a single flake 

from a terrace of the Gadiz River)(Lebatard et al. 2014; Maddy et al. 2015). The 

oldest site with a lithic assemblage, Durunsulu, is provisionally dated to 0.77-

0.99Mya. The assemblage hoisted up in lignite blocks is attributed to Mode 1 

(Güleç et al. 2009). Although, Acheulean artefacts are commonly found in surface 

surveys, there is only one locality in the whole region where a Mode 2 

assemblage has been recovered in situ. Unfortunately, the site of Kaletepe Deresi 

lacks secure dating with only a terminus post quem of 1.0Mya (Slimak et al. 

2008). Other Anatolian localities, Yarımburgaz and Karain Caves are much 

younger. They furnished assemblages attributed to flake industries (Kuhn 2002).   

Although the Anatolian evidence is scarce, it falls well into a framework of the 

original ‘Out of Africa’ dispersal reaching the Levant and Caucasus ca. 1.8Mya, 

moving on through Anatolia around 1.3Mya and entering southern Europe by 

1.0Mya. Equally, the available dates for the earliest occurrence of Mode 2 in the 
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region, even if only provisional, are consistent with the archaeological record of 

the Levant and Southern Europe.  

 Looking towards the eastern direction of dispersal, the vast area of Arabia and 

modern day territories of Iran and Iraq are particularly empty it terms of Lower 

Palaeolithic finds. The sites that have been recognised are predominantly surface 

collections which can only be broadly attributed to the Middle Pleistocene 

(Groucutt and Petraglia 2012). Similarly, although surface finds of handaxes are 

known from the region, there are no stratified sites with Mode 2 assemblages, 

making it impossible to establish its earliest occurrence in the region. This is 

particularly unfortunate, as an alternative dispersal route, crossing from the Horn 

of Africa into the area of modern day Yemen, has been considered a strong 

alternative hypothesis to the route along the Nile providing a convenient shortcut 

between East Africa and the Indian subcontinent.   

 

Figure 2-8  Map of archaeological localities in Arabia.  

 Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, 

red triangles - flake industries.   

Until recently, the archaeological void of Arabia, Iraq and Iran extended well into 

South Asia (defined here as modern day India, Pakistan and Bangladesh) (Figure 

2.9). The recently reported site of Attirampakkam, India is the first stratified site 

in the region dated using radiometric methods (Pappu et al. 2011). Its early age, 
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1.57Mya, comes as a surprise. First of all, because of its particularly early date 

but secondly because the assemblage belongs unequivocally to Mode 2. This is 

much earlier than the oldest known Acheulean sites in West Asia and Europe, 

suggesting that the main early dispersal artery stretched between East Africa and 

Southeast Asia and giving more weight to the hypothesized ‘southern dispersal 

route’ through Arabia, bypassing the Levant. The early eastern dispersal 

corroborates with the Savannahstan model (Dennell and Roebroeks 2005). Its 

authors argue that a vast expanse of savannah-like environment in the 

Pleistocene spanning South Asia allowed hominins to follow a familiar 

environment and would not require a change in their range of adaptations. As 

such, it could act as a fast track dispersal corridor. 

 

Figure 2-9  The map of archaeological localities in South Asia.  

 Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, 

red triangles - flake industries.   

Two possible Mode 1 sites in Pakistan are said to predate Attirampakkam. Riwat 

and Pabbi Hills are dated to >1.9Mya (Dennell 2009) but the assemblage of the 

former is miniscule (3 pieces), while the stratigraphical position, and therefore its 

dating, of the latter is uncertain. There are no other stratified and dated sites in 

the region which can be unequivocally attributed to Mode 1 and the rest of Lower 

Palaeolithic sites contain Mode 2 assemblages (e.g., Isampur, Bori, Singi Talav, 
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Dina and Jalalpur) (Dennell 2009; Petraglia 2010; 2011). This leaves open the 

question of the technology which accompanied the first hominin venturing into 

Asia. Since Mode 1 assemblages are known from further east, there are two 

potential explanations. The traces of the oldest dispersal might have not been 

found yet in South Asia. Alternatively, the first ‘Out of Africa’ was undertaken by 

bearers of Acheulean technology but the ‘know-how’ was lost further east.  

In contrast to South Asia, East Asia is dominated by Mode 1 sites (Figure 2.10). 

The oldest reported sites date to 2.0-2.4Mya (Renzidong and Longgupo Cave), 

but their chronology and the finds have been heavily questioned (Dennell 2009, 

180; Shelach-Lavi 2015, 22). A much more secure chronology places the first 

traces of hominin presence in the region around 1.6Mya (sites in the Nihevan 

Basin, Gongwangling and Youanmou) (Ao et al. 2013; Leng 1998; Wu and Wang 

2016). All of the early sites in the region are characterised as Mode 1 

assemblages.  

 

Figure 2-10 Map of archaeological localities in East Asia.  

 Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, 

red triangles - flake industries.   

Until a few years ago, many of the Chinese finds were dismissed as they lacked 

secure dating. However, in recent years an intensive programme of radiometric 
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dating of all early localities has been combined with an extensive geological 

survey set to establish the loess-paleosol sequence in the region. The Chinese 

loess-paleosol sequence consists of ancient paleosols containing archaeological 

finds sandwiched between thick loess layers deposited during glacials. This 

makes it relatively easy to date archaeological sites. Although a fair number of 

assemblages are controversial due to their small size (under 50 pieces), the 

evidence for hominin presence prior to 1.0Mya and even prior to 1.5Mya is 

increasingly strong (Dennell 2004; 2009).  

Two areas in China: the Bose and Luonan Basins contain Mode 2 assemblages 

dated to ca. 0.8Mya (however, the dating of the latter is highly controversial) (Gao 

et al. 2005). In addition, a number of later (ca. 400-250kya) sites (including 

Imjin/Hantan River Basin on the Korean Peninsula) contain bifaces (Norton et al. 

2006). In general, ‘Chinese handaxes’ have been a source of much controversy 

over the years as they appear on the ‘wrong’ side of the Movius Line. The Movius 

line (Figure 4.1) is a hypothesized border between regions where Mode 2 

industries are abundant (Africa, the Levant, Western Europe, India) and regions 

which lack handaxes (Central and Eastern Europe, East Asia) (see Chapter 4). At 

the moment, the binary ‘presence/absence’ model has been disproved with the 

evidence of the presence of Mode 2 at Bose (Yamei et al. 2000; Xie and Bodin 

2007). However, the low frequency and predominantly late age of Mode 2 

assemblages in the region have led researchers to redefine the Movius Line 

concept into the ‘Movius Line sensu lato’ to describe the phenomena of rare 

occurrences of handaxes. In this new take on the problem, the Movius Line sensu 

lato divides areas of low and high density of Mode 2 assemblages (Norton and 

Bae 2008).  
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Figure 2-11 Map of archaeological localities in Central Asia.  

 Map of archaeological localities in Central Asia. Green pentagons 

- Mode 1 sites, red diamonds - Mode 2 sites, red triangles - flake 

industries.   

 

This stark contrast between handaxe-dominated South Asia and handaxe-poor 

East Asia makes the intermediate area of Central Asia even more crucial for 

understanding the large scale patterns of lithic industries’ distributions. Also, 

with the Himalayas constituting a significant barrier to hominin movements, the 

dispersal routes through Asia must have circumvented the mountain chain either 

to the south via the Deccan Plateau or to the north through Central Asia. This 

makes the region key in any discussion about early hominin dispersal. 

Unfortunately, little is known about the Lower Palaeolithic of the modern day ‘-

stans’: Kazakhstan, Turkmenistan,  Afghanistan, Uzbekistan, Tajikistan and 

Kyrgyzstan (Figure 2.11). The oldest finds are reported from the site of Kul’dara 

in Tajikistan. However, the assemblage found underneath the Brunhes/Matuyama 

reversal is relatively small (40 pieces). As most of the finds in the region consist 

of small assemblages, their attribution to Mode 1 is only provisional. There are 

reports of handaxe finds from Kazakhstan, but without secure chronology. More 

and better data from this key region would enable a better understanding of 
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patterns found further south and east. However, as long as the archaeological 

record in the region is so fragmented many of the research questions regarding 

the dispersal routes through Asia remain open.  

 

Figure 2-12 Map of archaeological localities in Southeast Asia.  

 Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, 

red triangles - flake industries, purple circles - hominin remains.   

The furthermost areas for the ‘Out of Africa’ dispersal are Southeast and North 

Asia (Figures 2.12 and 2.13). Compared to other regions, Southeast Asia has a 

relatively long history of research, initiated by Eugène Dubois in the late 19th 

century. It is worth noting that this region is particularly sensitive to sea level 

fluctuations, which means that during glacial stages large swathes of land would 

emerge creating a new region - Sunda (Coller 2007). Therefore, many of the sites 

now found on Indonesian islands were accessible by land during the Pleistocene. 

This is also a prime region in terms of its geographical situation. Located close to 

the equator, the large area of now submerged land, would have provided 

favourable conditions for hominins. 

Unusually, the earliest record of the region consists exclusively of hominin fossils 

rather than lithic assemblages. Modjokerto, Trinil and Sangiran fossils are 

currently dated to 1.5-1.0Mya (the previous dating of Modjokerto to 1.8Mya has 
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been revised)(Dennell 2009, 155-6; Huffman et al. 2006). The only assemblage 

with a comparable chronology in the region is a recently announced set of shell 

cut marks from the site of Bukuran (Choi and Driwanto 2007). This relatively early 

chronology corroborates well with East and South Asian evidence, indicating a 

rapid dispersal eastwards around 1.6-1.5Mya.  

In general, although the surface finds of potentially Lower Palaeolithic artefacts in 

Southeast Asia are numerous, the number of stratified and datable localities is 

very low. Currently the only stratified and securely dated site is Mata Menge on 

the Indonesian island of Flores, where a large (>500 pieces) assemblage, dated to 

ca. 0.8Mya has been classified as Mode 1 (Brumm et al. 2006; Morwood et al. 

1998). So far, there have been no convincing Mode 2 assemblages found in the 

region placing it on the low-frequency-of-handaxes side of the Movius Line.  

 

Figure 2-13 Map of archaeological localities in North Asia.  

 Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, 

red triangles - flake industries.   

At the other extremity, in North Asia potential Lower Palaeolithic sites are few, far 

between and mostly highly controversial in terms of chronology and the finds 

(Figure 2.13). The most secure one is the site of Karama in the Altai mountain 

range. The assemblage classified as Mode 1 is dated to 0.6-0.8Mya (Derevianko 
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and Shunkov 2009; 2014; Zwyns 2014). Other sites in the region are 

predominantly surface finds and/or do not have secure dating. Equally, most of 

them are classified as Mode 1, but due to the small size of the assemblages this 

attribution remains provisional. The only exception is Tsagan Agui in Mongolia 

reported as a Mode 2 assemblage (the author, who visited the exhibition at the 

National Archaeological  Museum in Ulan Bator cannot confirm this). Its dating is 

ambiguous (Derevianko et al. 2000). Given the unforgiving climate and the 

environment-type that is significantly different from equatorial and tropical 

biomes, it is hardly surprising that the evidence for hominin presence in North 

Asia is scarce and much later than in the areas further to the south.  

2.2.3 Europe 

Due to a long history of research and extensive resources dedicated to 

archaeology, Europe is more intensively surveyed than any other region of the 

world. Nevertheless, the number of the earliest sites is small, making the timing 

of hominin arrival in Europe still controversial (Roebroeks 2006; Muttoni et al. 

2013).  

 

Figure 2-14 Map of archaeological localities in South West Europe.  

 Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, 

red triangles - flake industries.   



Chapter 2: Overview of Data and Theory 

39 

In general, the earliest evidence of human presence in Europe is predominantly 

limited to the southern portion of the continent (Figures 2.14, 2.15, and 2.16). 

This is probably related to the climatic conditions and the hominin ability to 

adapt to the cooler northern latitudes. Thus, the oldest traces of hominin 

presence come from the perimeter of the Mediterranean Sea, although, 

surprisingly, they seem to cluster towards the western end rather than closer to 

the early sites of the Levant and Caucasus in the east. The only exception is the 

lowermost level at the site of Kozarnika in modern day Bulgaria, dated to 1.4-

0.9Mya. The oldest sites in the west date to between 1.6-1.3Mya: Pirro Nord, Sima 

del Elefante in the Atapuerca Complex and the Orce sites (Barranco León and 

Fuente Nueva), as well as Alto de las Picarazas and Bois-de-Riquet which are more 

questionable due to the small size of the assemblages. Other Mode 1 sites in the 

region, Vallonnet, Vallparadís and Gran Dolina in Atapuerca are dated to ca 

1.0Mya.  

The evidence for the earliest hominin presence in Europe is still contentious (e.g., 

Muttoni et al. 2013), but even if the earliest sites are accepted, compared to Asia, 

Europe has been peopled relatively late. The reasons for this delay are unclear 

(see discussion below).  

 

Figure 2-15 Map of archaeological localities on the Apennine Peninsula.  

 Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, 

red triangles - flake industries.   
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The lack of early sites in the Eastern Mediterranean (especially in the modern 

territory of Greece) has led researchers to suggest an alternative route into 

Europe via the Gibraltar Strait. This, similarly to the southern route eastwards (via 

Arabia) raises the question of the maritime abilities of early hominins (see 

discussion below). Currently, the evidence from Northern Africa is 

contemporaneous with the one from Western Europe. Therefore, it neither 

supports nor contradicts this hypothesis. 

 

Figure 2-16 Map of archaeological localities in South West Europe.  

 Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, 

red triangles - flake industries.   

The earliest Mode 2 assemblages in the region (Solana del Zamborino, La Caune 

de l’Arago and Notarchirico) date to ca. 0.75-0.65Mya. This is consistent with the 

Levantine record where Acheulean did not appear prior to the Mutuyama/Brunhes 

boundary. In contrast, as we have seen, there are some significantly older Mode 2 

sites in South and East Asia, suggesting yet again a different dispersal history 

between eastward and westward waves of expansion.  

 After 0.5Mya the number of archaeological sites in the region increases 

dramatically. It is also the first time that non-acheulean assemblages described 

variously as clactonian, tayacian or small tools industry appear in the record.  
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Figure 2-17 Map of archaeological localities in North West Europe.  

 Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, 

red triangles - flake industries.   

Currently the earliest traces of hominin presence in Northern Europe are 

clustered in the Middle Loire Valley (Despriée et al. 2005; 2010) (Figures 2.17 and 

2.18). For example, the Mode 1 assemblages at Pont-de-Lavaud and la Terre-des-

Sablons are dated to ca. 1.1Mya. Further north at the site of Happisburgh 3, a 

small assemblage has been dated to 0.99-0.78Mya (although this age is 

contested (Parfitt et al. 2010; Westaway 2011)). At the east end of the region a 

number of sites (Taman Peninsula sites, Krecheshi and Bairaki) with very early 

dates have been reported. Unfortunately, their dating is based on geological 

correlations and, therefore, remains provisional (Figure 2.19).  

 It has always been believed that the higher latitudes have been colonised 

later than the Mediterranean zone because of the limitations in hominin 

adaptations to colder conditions. As more sites have been discovered further 

north, they have been explained as a result of  climate fluctuations which created 

more favourable conditions up north, allowing hominins to expand and then 

contract their range every time the climate took a turn for the worse. However, in 

light of the evidence for hominin presence at the edge of the boreal zone coming 
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from the site of Happisburgh 3, the long held belief that early europeans lacked 

the set of adaptations necessary to colonise cooler climates needs to be revised.   

 

Figure 2-18 Map of archaeological localities in North Central Europe.  

 Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, 

red triangles - flake industries.   

The earliest examples of Mode 2 assemblages also come from the Middle Loire 

Valley where the site of La Noira furnished an Acheulean collection dated to 

0.65Mya. It is of a similar age to South European sites. However, the vast majority 

of Mode 2 sites in the region date to around 500kya, including well-known sites 

such as Boxgrove or Cagny-la-Garenne. Interestingly, the distribution of 

assemblages containing handaxes seems to abruptly terminate along the Rhine, 

with no Mode 1 sites known from the eastern part of Northern Europe. The 

majority of sites in the eastern part of the region are classified as either Mode 1 

for the earliest assemblages (e.g., Dork Durkheim, Kärlich,  Bogatyri-Sinyay Balka 

or Rodni) or flake industries (e.g., Miesenheim, Bilzingsleben, Pogreby and 

Dubossary) for sites postdating 500kya. 

Various flake industries permeate the archaeological record of Europe. Described 

using various terms, such as clactonian, columbian, tayacian, or small tools 

industry - their unifying feature is the lack of bifacially worked tools - handaxes. A 



Chapter 2: Overview of Data and Theory 

43 

number of hypotheses have been put forward to explain their presence in the 

record. However, so far it remains unclear whether they represent a distinctive 

knapping tradition, adaptation to a different type of climate/environment or a 

specific situation related to raw material availability (e.g., lack of larger nodules 

preventing hominins from making handaxes). As their distribution in time and 

space does not seem to be following any pattern, it is unlikely that they reflect a 

dispersal process.  

 

Figure 2-19 Map of archaeological localities in South East Europe.  

 Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, 

red triangles - flake industries.   

2.2.4 Extension of the range 

 This section will discuss the changes in the hominin range interpolated from 

the distribution of known archaeological sites, illustrated in figures 2.20-2.24. 

These figures are merely conceived as a visual aid to explore the coarse evidence 

of this global long-term phenomenon, and were created through the following 

method. The sites collected for the study (see Appendix B. The Catalogue) were 

mapped into five chronological bins:  

• Pre 1.8Mya,  

• 1.8-1.3Mya, 

• 1.3-0.78Mya, 

• 0.77-0.51Mya,  

• Post 0.5Mya. 
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The bins divide the studied time period into roughly similar time periods (first 

500ka long then 250k long), but the exact limits of each bins have been chosen 

following the breaks enforced by the dating techniques (e.g., the easily 

recognisable Brunhes/Matuyama boundary). The lower limit was set at 0.25Mya. 

However, the sites included in the study were chosen on the basis of their 

relevance to the topic of dispersal, that is, mostly constituting the first instance 

of a hominin trace in the region. Thus, a small number of sites have dating 

exceeding this data. To construct the maps a buffer of 1000km was drawn 

around each site. The data points were then grouped using a convex hull, that is 

the minimum size convex polygon (i.e., a polygon where a straight line drawn 

within the edges of the polygon does not cross any of its edges). In short, a 

convex hull is the smallest polygon enveloping all the points that does not have 

any concave dents in it.  

Separate polygons have been drawn depending on the value of the variable 

‘reliability’ (i.e., the variable summarising the confidence level associated with 

each data point) and their transparency level was adjusted accordingly. As a 

result, areas with a higher confidence in terms of hominin presence are more 

visually prominent. The resulting maps are then overlaid on each other so that in 

subsequent maps the areas with a continuous record become even more 

intensively coloured. For the QGIS Python script used to generate the maps see 

Appendix C. The Code and Pseudocode.  

 

Figure 2-20 Map of hominin range pre 1.8Mya.  

  Red - sites with high level of confidence, orange - sites with 

moderate level of confidence, yellow - sites with low level of 

confidence.   
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The map (Figure 2.20) depicting the hominin range prior to 1.8Mya shows that 

the high level of confidence is associated only with sites in East and South Africa. 

Given the current evidence this is the most likely source area of the first ‘Out of 

Africa’ dispersal. Nevertheless, there is a significant number of sites outside of 

the continent with potentially early dates. It is worth noting that all of them are 

located in Asia. It is unclear whether this is related to a modern bias, for example, 

more exact dating in Europe (where, for example, the faunal chronology is better 

understood thanks to a longer history of research) or whether it represents a 

valid pattern in the data (early dispersal eastward).   

 

Figure 2-21 Map of hominin range at 1.8-1.3Mya.  

  Red - sites with high level of confidence, orange - sites with 

moderate level of confidence, yellow - sites with low level of 

confidence.   

The following phase (1.8-1.3Mya) is foremost characterised by a significant 

increase in the number of sites (Figure 2.21). They show a very rapid spread 

reaching far west, east and north. This rapid pace of dispersal is a significant 

characteristic of the first ‘Out of Africa’. We are dealing with a coarse 

chronological resolution where a gap of, say, 200kya could easily hide in the 

error margin on most dates associated with Pleistocene sites. However, given the 

number of available sites with dates that closely corroborate with each other, the 

fast tempo of the initial dispersal is likely to be a real pattern. The map also 

highlights the lower confidence level associated with the eastmost and westmost 

archaeological sites. All of the highest confidence data points are located in the 

central part of the visualised area, while less secure data points group along the 

edges of the furthest extent of the hominin range. Finally, the area of the Middle 

East (defined as stretching from modern day Egypt and Turkey to Iran including 
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the Arabian Peninsula) is a key region of the dispersal that had to be crossed to 

reach most of the data points. The lack of intensive survey resulting in a distinct 

paucity of sites in this region (with the notable exception of the Levant) is very 

unfortunate. This analysis highlights this region as central to the early hominin 

dispersal and therefore having a high potential for shedding light on many of the 

current questions related to the dispersal. 

 

Figure 2-22 Map of hominin range at 1.3-0.78Mya.  

  Red - sites with high level of confidence, orange - sites with 

moderate level of confidence, yellow - sites with low level of 

confidence.   

 

Figure 2-23 Map of hominin range at 0.77-0.51Mya.  

  Red - sites with high level of confidence, orange - sites with 

moderate level of confidence, yellow - sites with low level of 

confidence.   
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The following time slices - 1.3-0.78Mya and 0.77-0.51Mya show a steady increase 

in the number of archaeological sites and an extension of the range towards the 

north, including north Europe and Asia (Figures 2.22 and 2.23). Also, especially 

after the Brunhes/Matuyama reversal, the confidence level regarding hominin 

presence in most of the regions including the outermost ones becomes similar to 

the core regions. However, the perimeters of the Mediterranean Sea as well as 

South Asia are particularly prominent, suggesting a central position in the 

dispersal. Note that the decreased frequency of sites in Africa is a result of the 

sampling of data by the author. Since the younger sites are not associated with 

the extension of the hominin range they were not included in the catalogue. In 

reality, the East and South African archaeological record continues uninterrupted 

throughout the Middle Pleistocene.  

 

Figure 2-24 Map of hominin range after 0.5Mya.  

  Red - sites with high level of confidence, orange - sites with 

moderate level of confidence, yellow - sites with low level of 

confidence.   

Finally, the map depicting the hominin range after 0.5Mya shows the maximum 

known extent of Lower Palaeolithic archaeology (Figure 2.24). There are a few 

areas that remain outside of this range, in particular Western Africa, which suffers 

from poor preservation and visibility of archaeological material. In general, the 

northern extent of the hominin range coincides well with the southernmost edge 

of the ice sheets. However, it is impossible to say whether this is because 

hominins did not venture into the cooler regions or whether the glacials 

obliterated traces of occupation further north. 
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In sum, the series of maps visualising the changes in the extent of the hominin 

range over time supports some of the observations made when describing the 

data; in particular, the very rapid early expansion towards the east and the 

importance of the great arc of dispersal stretching between East Africa and 

Southeast Asia. The Middle East and Central Asia are highlighted as key regions 

through which most of the hominin movement had to pass through. The final 

shape of the range is determined by the coastlines and the edge of the glacials. 
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2.3 Early Hominin Dispersals - the models 

Early hominin dispersals are a topical issue among Palaeolithic archaeologists for 

many reasons. It is an archaeologically visible process. One can trace with relative 

ease the changes over time in the spatial range of hominins attested by the 

presence/absence of archaeological sites. It is also a large scale phenomenon 

which encourages attempts to correlate it with other global-scale datasets, such 

as the climate or the faunal records. As a result, the topic gave rise to a 

substantial body of work including a large number of research questions and 

multiple theoretical models that try to address them. This section will sketch out 

this research landscape by describing the main research issues and the 

hypotheses currently dominating the debate. It will also relate the case studies 

introduced in chapters 4 and 5 to the research questions and theoretical models 

described in this section. 

The conceptual models related to the first ‘Out of Africa’ can be broadly divided 

into two categories: i) models aiming to reconstruct the course of dispersal by 

interpreting patterns in the data; and ii) models evaluating the mechanisms of 

early dispersals including potential drivers and limiting factors. Both types of 

models are subject to frequent changes as the academic consensus regarding the 

phases and routes of the early hominin dispersals constantly shifts in light of new 

evidence.  

2.3.1 Timing, routes and arrival times - models exploring data  

This section is divided into the following three topics: models aiming to 

reconstruct the course of the ‘Out of Africa’ dispersals, models discussing 

plausibility of different routes (especially sea and land routes), and models trying 

to explain large-scale data patterns.  

2.3.1.1 The timing and phases of dispersals 

The bulk of research on the first ‘Out of Africa’ dispersal focuses on trying to 

delineate phases of the peopling of the world and to differentiate between 

subsequent waves of hominin groups (e.g., Rolland 1992; Bar-Yosef and Belfer-

Cohen 2001; Kozłowski 2006). The main aim of this kind of research is to 

determine on the basis of the available data when, where, and who left Africa. As 

far as the current evidence shows, Homo was the only hominin genus that 

dispersed out of Africa (Carbonell and Rodriguez 2006). Until recently the 

dominating narrative stated that the earliest extension of the original home range 
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of hominins ca. 1.8Mya followed the natural corridor of the East African Rift 

Valley towards South Africa and the Levant. The large belt of grassland 

environment stretching across southern Asia fueled a rapid expansion towards 

Southeast Asia. Approximately ca. 1.0Mya the barrier of northern longitudes was 

broken and hominins colonised Europe, Central and Northern Asia. The second 

recognisable wave of dispersal is associated with the propagation of the Mode 2 

industry which is being found outside of Africa from ca. 0.78Mya. However, its 

distribution only partially overlaps with the area where Mode 1 assemblages are 

found, suggesting that the second wave of dispersal only reached as far as the 

Movius Line. 

With the new discoveries in India, China, Central France and the Mediterranean 

zone, this framework had to undergo significant revisions. First, the very early 

occurrence of Acheulean in India (the site of Attirampakkam) and Northern China 

(Sanmenxia Basin) suggest a much earlier exit out of Africa, although currently 

the evidence indicates that the dispersal followed only in the eastern direction. 

Second, the dating of the earliest European sites has been pushed beyond 

1.0Mya. Third, the concept of the Movius Line, had to be revised in light of 

multiple finds of handaxes in East Asia. As a result, the Movius Line is considered 

now as separating areas of drastically different frequency of Mode 2 assemblages 

rather than indicating an absolute presence/absence.  

Summary - the timing and phases of dispersals 

 With each new discovery the narrative describing Pleistocene dispersals becomes 

increasingly complex, likely reflecting the complexity of the actual process itself. 

So far the question of how subsequent waves of dispersals progressed remains 

open as the record is too sparse to determine whether the early dispersals 

followed the pattern of  ‘leap frog’ expansion or a slow diffusion. Equally, it is 

difficult to distinguish between ephemeral occupation and failed colonisation 

events, and migration events resulting in establishing a permanent population 

(Bar-Yosef 1994; Dennell 2003). Given the challenges of the dataset, primarily its 

inherent incompleteness and the high level of uncertainty associated with the 

majority of datapoints, new analytical methods are needed to analyse the 

available evidence and address the research questions posed by the 

archaeological community.  

2.3.1.2 Dispersal routes 

A large proportion of the research interest in early hominin dispersals concerns 

the direction of the expansion and the most plausible routes leading from Africa 
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to Asia and Europe. As mentioned before, the academic consensus is that the 

source area of the dispersal was located in Africa, most likely East Africa (e.g., 

Rolland 1992; Carrión et al. 2011; cf. Dennell et al. 2011). Therefore, the most 

common approach is to draw arrows representing hominin movements from East 

Africa towards all land bridges and straits connecting it with other continents 

(Figure 2.25). Nevertheless, alternative directions of the dispersals have been also 

suggested: from South Asia (Dennell and Roebroeks 2005; Dennell 2010) or from 

East Asia (García-Sánchez 2006) west through Central Asia (Rolland 1992) (Figure 

2.26). 

 

 

Figure 2-25 Proposed dispersal routes out of Africa.  

  Image source: Bar-Yosef and Belfer-Cohen 2001, fig. 1, p.23.  

Figure not shown due to copy rights restrictions.



Chapter 2: Overview of Data and Theory 

  52  

 

Figure 2-26 Alternative dispersal routes out of Africa towards Asia and back 

into Europe. Image source: Rolland 1992, fig. 2, page 98.  

This translates into much discussion dedicated to assessing the likelihood of 

different dispersal routes (Field and Lahr 2006; Holmes 2007; Schattner and 

Lazar 2009; Kuhn 2010; Lahr 2010) and the question of the plausibility of 

hominins using short sea crossings (Derricourt 2005; Beyin 2006; Bailey 2009). 

This touches on the issue of what kind of topographic features constituted 

barriers and fast-track corridors for hominins (Lahr 2010; Norton et al. 2010; 

Bailey and King 2011). 

Sea crossings 

The plausibility of the dispersal using the only land bridge between Africa and 

Asia, along the Nile and through the Sinai Peninsula towards the Levantine 

corridor, has rarely been questioned. However, the water crossings via the straits 

are more controversial. The three sea crossings out of Africa are the Bab-el 

Mandeb Strait between East Africa and Arabia (Bailey 2009), the Gibraltar Strait 

between Northwestern Africa and the Iberian Peninsula (Derricourt 2005) and the 

Sicilian Strait between North Africa and the island of Sicily (Villa 2001).  

The following arguments have been put forward pro and against hominins being 

disposed to or even having the ability to navigate short water crossings:  

Against 1. Hominids (including hominins) are not an aquatic family of animals.  

Figure not shown due to copy rights restrictions.
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Against 2. There is no evidence for hominin use of marine resources prior to the 

Late Pleistocene indicating that they were not versed in marine exploration.  

Against 3. Faunal evidence does not indicate significant movement via the straits 

of any other middle sized and large mammals (with the exception of 

Hippopotamus - an aquatic species) (O’Regan 2008; Lahr 2010, cf. Arribas and 

Palmqvist 1999).  

Pro 1. The distances concerned are relatively short and in some cases the 

opposite shore can be easily seen. Therefore, the crossings do not require 

significant maritime skills. 

Pro 2. The sea level changes driven by consecutive glacial periods might have 

exposed higher rising areas of the sea floor (Figure 2.27) creating small islands in 

the straits, which would further facilitate the crossing (Abbate and Sagri 2012).  

Pro 3. Chance events and rafting might have resulted in a slow migration via the 

straits (Derricourt 2005). However, it is difficult to estimate if this type of process 

would suffice for establishing a viable population (Carbonell and Rodriguez 

2006). 

 

Figure 2-27 Bathymetry of the potential water crossings out of Africa 

towards Asia. Image source: Abbate and Sagri 2012, figure 2B, 

page 5, figure 3A, page 6, figure 4, page 6.  

Land routes 

Although overland dispersal of hominins is not controversial there are 

nevertheless topographic barriers that impeded or even entirely prevented 

hominins from reaching certain areas. In general, any environment different than 

the one in the original source area could constitute a barrier to hominin 

movement as it required a change in their adaptive repertoire. However, certain 

environments, such as deserts, glaciers and high altitudes, are more challenging 

than others due to the extreme conditions and low available biomass. 

Figure not shown due to copy rights restrictions.
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Figure 2-28 The proposed refugia (ovals) and corridors (arrows) in Africa. 

  Red - Early Pleistocene migrations, blue - Middle Pleistocene 

migrations. Image source: Lahr 2010, figure 3.10, page 40. 

An example of this is the Sahara and Arabian desert belt. The dust records 

indicate a major arid episode leading to the establishment of Sahara and Arabian 

deserts at the end of the Pliocene (Lahr 2010). In addition, the Nile River ceased 

to exist or turned into an ephemeral waterway between 1.8-0.8Mya (Vermeersch 

2001). Establishing this desert belt constitutes a major biogeographic barrier for 

any dispersals leading towards the Levant and Europe. However, several 

researchers (Lahr 2010; Drake et al. 2011) suggested that occasional ‘wet 

episodes’ (turning the desert into ‘Green Sahara’ and ‘Green Arabia’) would 

shrink the extent of the desert belt and open the Central and Western Saharan 

paleodrainage corridors. These rapid changes in the regional and local conditions 

could have stimulated a ‘leap-frog’ type of migration by groups following the 

Figure not shown due to copy rights restrictions.
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constantly opening and closing islands of more favourable environmental 

conditions (cf. Derricourt 2005) (Figure 2.28). 

The second type of topographic features impending dispersals are high mountain 

chains. For example, the Himalayas and the neighbouring Karakoram and 

Hindukush ranges, can be considered significant barriers shaping the direction of 

hominin dispersals. Finally, it is highly unlikely that hominin groups were able to 

sustain themselves on continental and mountain glaciers although, as we have 

seen from the Happisburgh 3 locality, their ability to colonise the boreal zone 

cannot be rejected.  

As the opposite to dispersal barriers, areas with environments similar to the one 

in the original range of hominins can be regarded as ‘fast-track’ corridors. 

Dennell and Roebroeks (2005) argued that a wide belt of grassland conditions 

(‘savannahstan’) connecting East Africa to Southeast Asia might have acted as as 

such ‘transmission-belt’ propelling hominin dispersal across southern Asia. A 

different view on what constitutes a convenient dispersal corridor was taken by 

Bailey and King (2006; 2011) who pointed out that the location of the known sites 

strongly correlates with tectonically active areas. The authors argued that a high 

level of landscape ‘roughness’, defined as topographic complexity, afforded 

hominins access to a wider variety of food resources, easy access to water, safe 

locations inaccessible to predators and topographic features that enabled the use 

of such hunting techniques as ambush and trapping of game (Figure 2.29). Other 

proposed migration corridors focus on avoiding major topographic barriers (for a 

GIS approach see Holmes 2007) in the Levant (Abbate and Sagri 2012), Arabia 

(Bailey 2009), China (Norton et al. 2010), Central Asia (Rolland 1992) and 

Southeast Asia (Marwick 2009). 
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Figure 2-29 Map of the 'roughness' (areas of high geological complexity 

resulting in topographic complexity of the landscape).  

  Archaeological sites representing the earliest and the next 

earliest evidence for hominin presence are marked as red and 

open dots respectively, image source: King and Bailey 2006, 

figure 8c, page 280.  

 

Summary - Dispersal Routes 

Despite significant research effort invested in reconstructing Pleistocene 

dispersal routes many significant uncertainties remain. The limited insight we 

have into the relationship between hominins and their environments restricts our 

ability to assess which dispersal routes would be more or less convenient for 

hominin groups. The lack of global environmental reconstructions of the world 

further hampers the attempts to delimitate dispersal routes in any detail.  

Models developed for this research were often guided by the current 

understanding of hominin dispersal drawn from the available data. For example, 

in the Movius Line model (Chapter 4) the origin point of the dispersal is located in 

East Africa and the modeled agents representing hominin groups cannot occupy 

continental glaciers. Since the arguments pro and against the plausibility of 

hominins undertaking short sea crossing do not allow for a clear decision both 

options were tested in the model. 

Figure not shown due to copy rights restrictions.
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Currently the classification of what constitutes a dispersal barrier and a dispersal 

corridor is based on general understanding of hominin adaptations drawn 

predominantly from human and primate ecology. Despite the strong research 

interest and extensive discussion, no formal models designed to assess what 

mechanisms acted upon a dispersing population encountering a barrier have so 

far been proposed. Similarly, more work is needed to establish the exact 

interrelations in hominin demography and ecology that would allow us to 

quantify the impact of different types of topographic and environmental barriers. 

These topics will be further explored in Chapter 5. Variability Case Study.  

2.3.1.3 Data patterns 

Early expansion into Asia and late arrival in Europe 

These two patterns: early expansion towards Southeast Asia and comparatively 

late arrival of hominins in Europe have always been interlinked as the timing of 

the dispersal in one region appears as irregular or ‘surprising’ only in comparison 

to the dating of the earliest sites in the other. In short, the ‘delay’ in the peopling 

of Europe and in the arrival of Mode 2 technology on the continent is considered 

a ‘delay’ only because we have much earlier dates in many Asian localities. In 

fact, both European and Asian sites significantly postdate the earliest African 

sites.  

The dating of the Homo erectus fossils found at the Javan sites (Swisher et al. 

1994) provoked a number of, mostly ecological, models focusing on explaining 

such rapid dispersal (e.g., Mithen and Reed 2002; Dennell 2004; Dennell and 

Roebroeks 2005). After the re-evaluation of the Southeast Asian dating the focus 

has now moved towards the assessment of the Chinese evidence for early 

hominin presence (see section 2.1.2 Asia) (e.g., Bar-Yosef and Wang 2012; 

Dennell 2013; Li et al. 2014b; Bar-Yosef 2015). 

The timing of the colonisation of Europe is still a matter of debate. Three general 

models have been proposed: the ‘Young Europe’, the ‘Mature Europe’ and the 

‘Old Europe’ models. The ‘Young Europe’ or ‘short chronology’ model presented 

by Roebroeks and Kolfschoten (1994) states that there is no convincing evidence 

for hominin presence in Europe prior to 0.5Mya. This has been revised (Dennell 

and Roebroeks 1996; Roebroeks 2006) after secure dating has been obtained for 

the Iberian sites (see section 2.1.3 Europe) and the model was modified into two 

different trajectories of dispersal: fast dispersal along the Mediterranean 

perimeter and much later colonisation of the rest of Europe. The ‘Mature Europe’ 

model, which states that Europe has been colonised close to 1.2-1.0Mya, is 
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currently the strongest one in the palaeolithic community as it is consistent with 

the dating of the oldest uncontroversial European sites (e.g., Carbonell and 

Rodriguez 2006; Agustí et al. 2015). Finally, the proponents of the ‘Old Europe’ 

model argue that the chronology of human expansion into Europe predates 

1.5Mya. This early dating is based either on a few very early (and very 

controversial) finds, mostly from the Massif Central (see Bonifay 2002), or on the 

notion that the ‘Out of Africa’ dispersal must correlate with an early faunal 

migration - the Aullan event ca. 1.8-1.6Mya (Arribas and Palmqvist 1999; Rook et 

al. 2004). 

The late arrival of hominins in Europe can be used as a convenient ‘stylised fact’ 

(see Chapter 3. Methodology) used to validate the models. So far the majority of 

simulations of the first ‘Out of Africa’ struggled to replicate this pattern (e.g., 

Mithen and Reed 2002; Nikitas and Nikita 2005, cf. Romanowska 2015). However, 

a simulation which replicates it, would be highly promising as it may be correctly 

capturing some of the processes involved in the dispersal. 

The Movius Line 

The first case study (Chapter 4) is directly concerned with testing hypotheses 

related to the data pattern known as the Movius Line. The Movius line is a virtual 

border delineating two distinctive Lower Palaeolithic lithic industries, Oldowan 

and Acheulean. It is a visualisation of a large-scale pattern in the archaeological 

record of the early and middle part of the Pleistocene (Figure 4.1). This division 

into two large provinces with distinctive lithic traditions continues into the Middle 

Palaeolithic after the introduction of Mode 3 tools. With the discovery of 

handaxes on several Chinese and Korean sites, the notion that there are no 

bifacial tools in Central and East Asia and Central and East Europe has been 

undermined (Bae et al. 2012; Norton et al. 2006; Yamei et al. 2000). This 

triggered a re-evaluation of the Movius Line (Norton et al. 2006; Norton and Bae 

2008), termed the ‘Movius Line sensu lato’ model. It is based on the observation 

that beyond the Movius Line the frequency of assemblages containing handaxes 

is significantly lower (or close to nil, for example, in Central and Eastern Europe), 

the percentage of bifaces in these assemblages is low and the handaxes are not 

morphologically similar to, what is regarded as, ‘typical’ Acheulean bifaces 

(Norton et al. 2006; Petraglia 2010).  

Although the first two arguments are generally accepted (as they depend on a 

simple count of assemblages and the frequency of handaxes) the question 

whether the East Asian bifaces are Acheulean-like or not is still a matter of debate 
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(Petraglia 2010; Li et al. 2014b; Shen and Gao 2014). Although metric 

comparisons show statistically significant differences only in a few characteristics 

such as the average thickness of the pieces (Norton et al. 2006, cf. Petraglia and 

Shipton 2008), the visual difference between the vast majority (but not all) of 

reported East Asian LCTs and African and European handaxes is striking. In short, 

despite conforming with the definition of a ‘handaxe’, if found on a contemporary 

western site the majority of the east asian LCTs would be classified as ‘atypical 

biface’ or fall out of the the handaxe category altogether. This discrepancy 

between the observed variability of handaxes and their typological divisions is 

likely to require, in the near future, a revision of some of the lithic typological 

definitions currently used by researchers (Derevianko 2008; Otte 2010). 

A number of hypotheses have been proposed to explain the cultural disparity 

between the regions on both sides of the Movius line (see Lycett and Bae 2010; 

Brumm and Moore 2012; Schick 1994). They can be grouped into three broad 

themes: i) different species, ii) different raw material, and iii) different population 

dynamics. 

Most early interpretations (Movius 1944; 1948) of the Movius Line more or less 

implicitly suggested that the East Asian makers of the Oldowan were a different 

species from the hominins which spread with the second wave of the dispersal 

carrying Acheulean technology. The paleoanthropological record in this part of 

the world is not extensive, but so far all Lower and Middle Pleistocene Asian 

fossils, that is, fossils found on both sides of the Movius Line, have been 

classified as Homo erectus or Homo heidelbergensis. In short there is no 

association between hominin species and any particular lithic industry (Rightmire 

1993; 1998).  

Among the second type of conceptual models focusing on differences in raw 

material availability - the ‘bamboo hypothesis’ has been the most prominent 

(Schick 1994; West and Louys 2007). It postulates that stone raw material was 

abandoned for locally ubiquitous organic materials, in particular sharp bamboo 

splinters. However, the bamboo hypothesis is not falsifiable given that organic 

raw materials do not preserve well (Brumm 2010). Second, the evidence for dense 

tropical rainforest dominating South East Asia prior to 100kya is not strong and 

the record indicates a set of diverse environmental conditions including open 

woodland and grassland savannah (Brumm and Moore 2012; Louys and Turner 

2012), very similar to the ancestral plains of East Africa and the ‘rough 

landscapes’ postulated by Bailey and King (2006). Finally, the Mode 1 side of the 
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Movius Line includes North China and Central Europe where bamboo does not 

occur. 

The model by Schick and Toth (1993, 278-9; also Schick 1994) combines a raw 

material explanation with a population dynamics model. They suggested that 

groups at the forefront of the dispersal, arriving in the new areas would need one 

or two generations before the local raw material sources were identified. By that 

time the necessary know-how for handaxe making was lost. Incidents of 

substantial loss of cultural diversity are known from the later archaeological and 

ethnographic record (for example, in Tasmania, Read 2012). However, apart from 

being non-falsifiable, Toth and Schick’s model seems to be confusing different 

scales of analysis. Assuming that the dispersal happens as a small incremental 

change, a group would be unlikely to find itself in a completely new and unknown 

area without the ability to trace back and gather necessary provisions. Also, it 

seems unlikely that hominins whose survival depended on lithics would need 

such a prolonged period to map local lithic resources. However, on a more 

general level Schick and Toth’s hypothesis comes down to an idea that a 

breakdown of communication ties may hinder socio-cultural transmission (Schick 

1994). This idea has been echoed in a number of models explaining the Movius 

Line. 

Shea (2010) relates the presence of Mode 1 industries with a low population 

density arguing that small groups, for example in unfamiliar environments, did 

not need to have transport efficient toolkits such as Mode 2 assemblages. The 

model differentiates between the toolmaking strategies (Mode 1) at the ‘frontier’, 

that is at the forefront of the dispersal wave and in the ‘settled core’ area (Mode 

2). The major assumption in the model is that the forefront of dispersal was 

shaped as a long lead of low population size, which translated into the non-

handaxe area (Figure 2.30). The author admits that estimating densities of 

Pleistocene populations on the basis of the available data is difficult. In Chapter 

4. Movius Line Case Study this issue will be addressed using a new approach - 

modelling the demographic processes related to dispersal instead of estimating 

the numbers from proxy data. 
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Figure 2-30 Visual representation of the model by Shea (2010, fig. 4.4, p.61). 

Low population density at the front of the dispersal wave caused 

reversal to simple (Mode 1) knapping technology.  

Another population density dependent interpretation of the Movius Line was 

proposed by Lycett and Taubadel (2008). The authors tried to correlate the 

amount of variance in the shape of handaxes coming from different regions with 

the distance from the proposed origin of the dispersal, Olduvai Gorge in East 

Africa. Lycett and Taubadel (2008) detected a statistically significant inverse 

relationship between the handaxe shape variation and the geographical distance 

and interpreted it as evidence of smaller average group size in Asia and Europe. 

This conclusion was then used to inform the demographic model of Lycett and 

Norton (2010). The model postulates that the ‘Out of Africa’ dispersal caused 

hominin population to fragment into smaller (i.e. lower effective population size) 

and more dispersed (i.e. lower population density) groups reducing the variability 

of templates for the next generation to copy from. In this model, some sporadic 

aggregation of hominins and groups could spark innovation, which explains the 

occasional appearance of Acheulean-like toolkits on the ‘wrong’ side of the 

Movius Line (‘Movius Line sensu lato’).  

Similarly to Shea’s model, the assumption of a long lead of low population 

density conditions at the front of the dispersal wave is central to linking this 

model to dispersal. If there is no low population density lead then the reduced 

population numbers must have been caused by other factors unrelated to 

dispersal. As a result, areas where hominins reverted to Mode 1 technology 

should be distributed in unconnected areas around the world rather than in one 

continuous area beyond a virtual border delimiting areas furthest away from the 

source region of dispersal.  This notion will be tested in Chapter 4. The Movius 

Line Case Study.  

  

Figure not shown due to copy rights restrictions.
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Summary - data patterns 

The two main patterns recognised in the data pertinent to the ‘Out of Africa’ 

dispersal have inspired a number of models. All of them are based on the same 

dataset making it impossible to discount any of them by means of simple data 

analysis. Instead, this situation highlights the need for a set of tools and 

techniques that enables more sophisticated model testing. The Movius Line case 

study was explicitly developed to assess the utility of simulation in model testing 

of archaeological hypotheses developed to explain data patterns.  

2.3.2 The drivers of the dispersal 

A number of conceptual models proposed different mechanisms and scenarios 

driving early dispersals (Moncel 2010; Rolland 2010; 2014; Palombo 2013). 

Among the most often invoked one are: climate change, trailing behind animal 

movements, physical evolution of hominins and changes in hominin behavioural 

patterns.  

Climate change 

Climate and climate change have always played a pivotal role in explaining 

different aspects of hominin evolution. The two main reasons behind the 

popularity of ecological models for hominin dispersals are a) the accessibility of 

environmental and climatic data that can be derived from reliable records (e.g., 

oxygen isotope data) and b) the existence of robust models of climate-faunal 

relationships already developed by ecologists.  

A number of researchers, therefore, investigated the relation between large- and 

small-scale fluctuations of the climate and the dispersal, using the temperature 

and faunal records (Agustí et al. 2009; Van der Made and Mateos 2010; Carrión 

et al. 2011; Van der Made 2011). The role of climate change may be direct, for 

example, when an increase in the mean annual temperature causes a change in 

the geographical range of a biome occupied by hominins. Or it may be indirect, 

affecting hominins’ interactions with other species, for example when rapid 

climate change triggers a major reshuffling of the ecosystems, disturbing the 

food webs, competition from other species or the availability of resources. 

Researchers often focused on determining the periods of particularly favourable 

climatic conditions and correlating them with the dating of the earliest sites (e.g., 

Bobe and Behrensmeyer 2004; Agustí et al. 2009; Parfitt et al. 2010). This topic 

of the interface between dispersal and climate fluctuations will be further 

explored in Chapter 5. Variability Case Study. 
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Part of large scale animal movements 

Closely related to the ecological hypotheses is the family of models relating early 

hominin dispersals to the faunal record (Vrba 1995). It has been proposed that 

hominin dispersals may be regarded as simply part of wider mammalian 

migration events, when hominins followed large herbivores, the main source of 

their diet (e.g., Arribas and Palmqvist 1999; Rook et al. 2004; Palombo and Mussi 

2006; Carbonell et al. 2008; Carrión et al. 2011).  

Three major turnover events have been recognised in the European record: the 

Elephant-Equus event 2.6-2.4Mya, the Aullan event 1.8-1.6Mya and the end-

Villafranchian event 1.2-0.9Mya (Arribas and Palmqvist 1999). Some of these 

correlate closely with the dating of many Asian locations as well as the 

chronology of the three models of ‘Young’, ‘Mature’ and ‘Old’ Europe (Arribas 

and Palmqvist 1999; Van der Made and Mateos 2010).  

However, these models have been criticised as misrepresenting the scales of the 

faunal movements in the Pleistocene and cherry-picking the ‘African’ species 

from faunal assemblages to prove that a large-scale mammalian dispersal from 

that continent occurred. When analysed as a whole, the faunal assemblages 

associated with the early hominin sites outside of Africa show a high variability of 

animal taxa originating in Europe and Asia as well as Africa (Agustí and 

Lordkipanidze 2011). The critics also argue these models oversimplify much 

more complex and heterogeneous migration processes and incorrectly represent 

them as coherent ‘dispersal waves’ rather than spatially and temporally 

dissociated changes in the home-range of different species, probably caused by 

irregular shifts in the extent of animals’ annual migration patterns (O’Regan et al. 

2011). Finally, archaeologists have pointed out that in areas where the record is 

particularly rich (e.g., the Levant) the evidence of hominin migration does not 

correlate well with animal turnovers (Bar-Yosef and Belmaker 2011). 

Emergence and evolution of technology, in particular tool-making 

Most of the authors who suggest that technological advances were likely to drive 

the early dispersals do not specify the exact mechanisms of this process (e.g., 

Rolland 2010). The most descriptive version of a technological model of human 

dispersal was proposed by Carbonell and colleagues (1999b, 2010). The authors 

argue in their ‘Out of Africa Technological Hypothesis’ that hominin dispersals 

were triggered by cultural mechanisms related to tool making. Their model 

proposes the following causal chain of events: 1. the emergence of tool 

production leading to an increase in hominin cognitive capacity; 2. a wide 
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distribution of tool-making behaviours among hominin groups (termed 

‘generalisation and socialisation’); 3. social reorganisation caused by a change of 

social dynamics related to the wide adoption of tool-making; 4. significant 

demographic growth thanks to the better adaptations brought by tools; 5. 

dispersal fuelled by demographic growth. In addition, the authors try to explain 

the late appearance of Mode 2 outside of Africa. They argue (Carbonell et al. 

1999b) that the demographic pressure exerted by groups with better technology 

(Mode 2) over the worse adapted groups (bearers of Mode 1) would force the 

latter to leave the continent.  

The hypothetical causal relationship between the steps in the model are unclear 

and no framework for testing the hypothesis has been offered so far. However, 

the biggest criticism comes from the fact that other mammalian species also 

managed to disperse out of Africa without the need to rely on technological 

advances to fuel the process.  

The intersection between dispersal and increased cognitive capacity, reflected in 

improvement in existing technologies and development of new ones is the central 

theme of the second case study (see Chapter 5. Variability Case Study).  

Changes in hominin morphology and behaviour  

The emergence of new hominin species and the associated adaptive radiations 

have been proposed as the main driver behind the early hominin dispersals 

(Rightmire 2001; Foley 2002; Wells and Stock 2007). The picture is not entirely 

clear as the number of fossil hominin remains associated with the first ‘Out of 

Africa’ dispersal is low and the ones associated with early sites have been 

classified as several different species: Homo georgicus (Dmanisi, Georgia), Homo 

antecessor (Atapuerca, Spain) and Homo erectus (Southeast Asian fossils).  

In particular, the focus has been on Homo erectus, of whom the first appearance 

(ca. 1.9-2.0Mya) predates very closely the earliest traces of hominin presence 

outside of Africa. It is also a species associated with a significant increase in the 

cranial capacity and behavioural changes suggesting the development of 

cognitive abilities (Walker and Shipman 1996; Antón and Swisher 2004) as well as 

postcranial morphological changes including improved motoric abilities for long 

distance endurance running (Bramble and Lieberman 2004). It has been argued 

that these developments would permit Homo erectus to rapidly expand its initial 

home-range. The critics of the model point out that some of the oldest fossils 

found outside of Africa (e.g., at Dmanisi, Georgia) do not exhibit these 

‘progressive’ features, especially the large brains (Agustí and Lordkipanidze 
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2011). This has been warded off by dividing the dispersal into two stages - the 

early phase which saw the expansion over environments not too dissimilar from 

the original home-range of hominins and the later phase where the big-brained 

hominins arrived from Africa, the adaptation barrier was broken and the harsh 

environments of the north were colonised (overview: Belmaker 2010).  

In general, this and the previous families of conceptual models assume the 

following order of causality: improvement in lithic technology/cognitive or 

physical ability enabling hominins to disperse (rather than dispersal triggering 

changes in behaviour/adaptations, etc.). The Variability Case Study (Chapter 5) 

aims to develop a strong theory-building framework to test this type of models 

and the order of causality suggested by them.  

Move to a higher trophic level          

One of the most popular models in the last decade (Walker and Shipman 1996; 

Foley 2001; Antón et al. 2002) suggested that the early hominin dispersals were 

caused by a shift in the trophic level that occurred at the time of the first 

appearance of Homo erectus. The trophic level is a designation of the organism’s 

position in the food chain and has direct implications for the size of its home-

range. The density of low level organisms (e.g., bacteria) is always much higher 

than high level organism (e.g., carnivorous predators). This is because of the 

increase from one level to another of the amount of biomass necessary to 

support a higher level organism. An upward change from one level to another by 

a species necessitates an increase in the space needed to fulfill the organism’s 

energetic requirements, therefore, exerting strong selection pressure, which may 

lead to either a decrease in the population size or to a rapid increase of its spatial 

range.  

The shift of hominin diet from herbivorous towards omnivorous and an increase 

in meat consumption ca. 2-1.5Mya is well-documented thanks to isotope studies 

and other proxies (see Foley 2001). Antón et al. (2002) estimated that the 

changes in foraging and diet of Homo erectus and the related increase in body 

size could produce a ten-fold increase in its home-range area, forcing the groups 

to spread over a wider territory even without a significant population growth. In 

addition, omni- and carnivorous diets are also more habitat-tolerant. For 

example, higher seasonality of northern latitudes makes hunting a more resilient 

foraging strategy, further facilitating the process of adapting to the new 

environmental conditions (Foley 2002).  
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Breaking the adaptation barrier 

Evolving cultural means (better lithic technology, hunting techniques, invention of 

fire, shelters, clothing, etc.) to combat the challenges of life outside of the tropic 

zone has been deemed a necessary condition for colonising the northern 

latitudes, in particular, Europe (de Lumley 2006; Roebroeks and Villa 2011; 

Ashton and Lewis 2012). Fire has been the most common focus of this type of 

investigation, likely because of its higher visibility in the archaeological record. 

These models share the same structure: one specific adaptation is interpreted as 

the one and only factor enabling dispersal. Therefore, the models first determine 

the ‘utility’ of the adaptation through the lens of its use by modern human 

groups and then argue that without it it would be impossible to colonise a new 

type of environment. For example, it is argued that the more widespread use of 

fire allowed hominins to extend their days beyond the hours of daylight, 

sheltered them from the cold and attacks by predators and could have been used 

for meat processing boosting the shift towards a more carnivorous diet (de 

Lumley 2006; Roebroeks and Villa 2011). In this type of narrative, dispersal is 

considered inevitable (i.e., there is no ‘push’ factor), but it will be delayed until 

the proposed adaptation removes the barrier that prevented hominins from 

colonising the new areas earlier (cold, shorter days, seasonality, etc.).  

The authors then validate these models by demonstrating that the timing of the 

occurrence of their chosen adaptive trait correlates with a dispersal event. 

However, little attention is paid to the direction of causality or the mechanisms 

that could trigger a behavioural change. 

Landau (1984) points out that this type of narrative closely resembles a standard 

template of a folk hero tale in which the protagonist embarks on a journey where 

at each step the hero is challenged and then transformed in order to progress 

both physically and in bettering oneself. In this case, the hominins represent ‘the 

hero’; developments in cognitive capacity, lithic technology, hunting, etc. are 

equivalent to the skills that s/he needs to acquire; tools, fire, clothing constitute 

his/her gear. The goal and inevitable conclusion of the journey is to become the 

pinnacle of evolution – modern humans. 

To remove these types of models from the realm of storytelling requires a strong 

formal framework that enables testing of each model and forces comparison 

between the model predictions and the available data. The second case study – 

Variability Case Study (Chapter 5) – proposes one such abstract framework. 
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Developed on the basis of a theoretical model it investigates the adaptive 

mechanisms involved in dispersal. 

Better foraging strategies and lack of competition with carnivores after their 

extinction  

There are two opposing models of carnivore and hominin interaction during the 

Early and Middle Pleistocene. The first hypothesis proposed by Turner (1992; see 

also Stiner 2002; Palombo and Mussi 2006) states that the competition over 

carcasses from the large species of hyena (Pachycrocuta brevirostris) prevented 

hominins from entering Europe. It was only after the extinction event, ca. 1Mya, 

which saw the large species of Pachycrocuta as well as a number of sabretooth 

species (Megantereon, Smilodon, Homotherium) replaced by African species, that 

hominins succeeded in filling up the ecological niche of the top predators and 

scavengers.  

The opposite model, championed by, for example, Arribas and Palmqvist (1999; 

see also Echassoux 2009), proposes that the presence of sabre tooths provided 

particularly favourable conditions for hominins as the specific morphology of 

their masticatory apparatus enabled them to only partially deflesh carcasses 

leaving a lot of the meat behind for scavengers such as hominins. The authors 

argue that this created an ecological niche that facilitated the early colonisation 

of Europe.  

Both models depend strongly on the question of whether early hominins were 

active hunters or passive scavengers, still a somewhat controversial issue (see 

Domínguez-Rodrigo 2002; Roebroeks 2006).  

Leaving the tropical ‘disease belt’  

Bar-Yosef and Belfer-Cohen (2000; 2001) proposed that the success of the 

colonisation of higher longitudes was possible thanks to the hominins leaving a 

region particularly badly plagued with zoonotic diseases - Africa. As the main 

factor curbing population size was eliminated, a population explosion occurred 

among groups that left Africa. The authors argue that this process is responsible 

for the fast rate of the early dispersals. This hypothesis has been included and 

tested in the Movius Line Case Study (Chapter 4). 

2.4 Data and models overview– conclusions 

In the first half of this overview I provided a summary of the raw data in the form 

of archaeological localities, their dating and the different types of lithic 
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assemblages. It has been concluded that the most likely source area of the 

dispersal is East Africa where hominins engaged in tool making activities from at 

least 2.5Mya (but possibly as early as 3.2Mya). The initial extension of the 

hominin home-range was predominantly directed towards the south following the 

Great Rift Valley, ca. 2.1Mya. Following the same topographic feature to the north 

resulted in the first hominins leaving Africa. However, this happened somewhat 

later, ca. 1.8Mya. An alternative route through Arabia into South Asia, by-passing 

Levant, cannot be excluded in light of the early dates for sites in South and 

Southeast Asia (1.6-1.4Mya). The next step was the colonisation of Europe and 

East Asia ca. 1.2-1.0Mya and further north from 0.78Mya. Also, from that date 

onwards the number of archaeological sites increases dramatically. It is not clear, 

however, if this is a result of an increase in population size, a result of better 

preservation of younger sites, or a result of our ability to date these sites with 

more ease. The first Mode 2 assemblages appear in the African record ca. 1.8Mya 

and are found in Asia as early as 1.57Mya. However, they become more common 

only after 0.78Mya and the vast majority of them are found to the west and south 

of the hominin range.  

Even in the time frame of this PhD new discoveries repeatedly forced revisions to 

this narrative of hominin dispersals constructed by analysing and interpreting the 

available data. However, most of the adjustments did not significantly affect the 

large scale data patterns, other than by changing the chronology of various 

events (e.g., the first evidence for tool use, earliest Mode 2 assemblage outside 

Africa, etc.). This indicates that the general research framework built upon the 

available data is internally consistent and probably robust indicating that the 

probability of a fundamental rewriting of the Palaeolithic textbooks, although 

always possible, is becoming increasingly unlikely. Having said that, the 

uncertainties related to most of the data points remain high. A large proportion 

of early sites are poorly dated or not dated at all. In many cases the presence of 

intentionally modified artefacts rather than naturally fractured rocks is uncertain. 

And finally, the issues of trying to apply a consistent typological framework 

capturing the variability of lithic assemblages as distant as South Africa and East 

Asia are mounting. Thus it is unrealistic to expect that ‘the data will speak for 

themselves’ and that it will enable Palaeolithic archaeologists to solve the many 

questions they posed about the early hominin dispersals. Instead, it is likely that 

the archaeological record will become more complex and difficult to interpret 

with each new find.  
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The second part of the overview concentrated on the conceptual models of the 

early hominin dispersal. They represent two types: models that try to summarise 

the data in the most parsimonious way (e.g., reconstructions of the ‘Out of Africa’ 

routes) and models focusing on identifying mechanisms underlying the dispersals 

(e.g., different scenarios exploring the potential triggers of large scale hominin 

movements). The first type of models suffers from the limitation in our 

understanding of hominin ecology and their range of adaptations. In particular, 

the interdependencies between the major mechanisms affecting hominin groups, 

such as demography, resilience to climate change or adaptability, are poorly 

understood.  

The majority of models belonging to the second type are limited in focus to one 

driver behind the hominin dispersals (diet, cognitive capacity, technology) 

triggering a string of events linked by simple, common sense causal relationships 

(e.g., if the hominins’ diet changed, this would necessitate larger territories for 

each individual causing fast rate of dispersal propagation). This results in linear 

narratives, which deflate the complexity of the phenomenon of hominin 

dispersals. This issue is to a large extent the result of inherent restrictions of any 

models formulated in natural language and presented as ‘thought experiments’. 

Any increase in the complexity (e.g., considering the implications of the new diet 

on both population size and population density as well as hominins adaptability 

to new environments) would challenge the researcher’s ability to consistently 

manipulate the available information in his or her head (e.g., it would be difficult 

to predict whether increased competition over unevenly distributed resources, 

such as fresh animal carcasses, would result in a local extinction or a rapid 

dispersal).  

Equally, it is difficult to estimate the implications of the proposed models for the 

archaeological record (that is, provide data predictions to test the models) 

without the use of formal, quantitative approaches (e.g., do we expect hominins 

to reach northern Europe sooner if they follow animal migrations or if they are 

propelled solely by population growth? And if so, how much sooner?). This PhD is 

not the first one to identify these limitations (e.g., Thomas 1973; Mithen and 

Reed 2002; Dennell 2003; Palombo 2013; Barton 2014). However, despite the 

fact that these epistemological issues are well understood and commonly 

mentioned, there has been relatively little research effort invested in addressing 

them. 

This chapter demonstrates that despite their value, neither data analysis nor 

conceptual modelling alone is likely to tackle the research questions that inspire 
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much of the archaeological inquiry into Pleistocene hominin dispersals. From this 

derives the second conclusion that Palaeolithic research would benefit most from:  

• applications of formal modelling methods for checking the logical 

consistency of the proposed conceptual models,  

• providing testable predictions for conceptual models in order to confront 

them with the available data and  

• investigating the causal relationships between different aspect of hominin 

life ways which could influence their dispersals in order to capture its 

complexity.  

The overall aim of this thesis is to investigate the value of using a particular 

modelling technique - simulation to achieve these goals. Therefore, the first case 

study will aim to evaluate the usefulness of simulation to test already proposed 

archaeological hypotheses for their internal logical consistency and against the 

data. It will also refer to one of the most persistent research theme in Lower 

Palaeolithic archaeology (the Movius Line) and apply the most widely discussed at 

the moment family of hypotheses - the cultural transmission and demography 

models. The second case study will target the third type of application - theory 

building, investigating the causal relationships between different processes 

involved in dispersal. As such, it will address many of the aspect repeatedly 

appearing in conceptual models proposed by archaeologists - the impact of 

climate change, the relationship between the evolution of cognitive capacity and 

cultural change and changes in the adaptive repertoire of hominin groups. These 

two lines of enquiry - the methodological contribution to archaeological practice 

and the archaeological contribution to the scholarly landscape of the Lower 

Palaeolithic studies will be developed in parallel throughout the thesis.  
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Summary 

Despite the current surge of simulation studies in archaeology the general 

methodology of simulation modelling is a relatively unfamiliar technique for 

archaeologists. The aim of this chapter therefore is to present a compact guide to 

the simulation modelling process applied to the research topic of past human 

(and hominin) dispersals. The process of developing a simulation is divided into 

nine steps grouped in three phases. The conceptual phase consists of identifying 

research questions (step 1) and finding the most suitable method (step 2), 

designing the general framework and the resolution of the simulation (step 3) 

and then by filling in that framework with the modelled entities and the rules of 

interactions (step 4). This is followed by the technical phase of coding and testing 

(step 5), parameterising the simulation (step 6) and running it (step 7). In the 

final phase the results of the simulation are analysed and re-contextualised (step 

8) and the findings of the model are disseminated in publications and code 

repositories (step 9). Each step will be defined and characterised and then 

illustrated with examples of published human dispersals simulation studies. 

While not aiming to be a comprehensive textbook-style guide to simulation, this 

overview of the process of modelling human dispersals describes the general 

research process and gives the benchmark of best practice in simulation. This will 

provide a methodological benchmark needed to evaluate the quality, strengths 

and weaknesses of the simulation case studies presented in subsequent chapters. 

A more detailed description of the techniques, algorithms and methods used in 

each case study will be provided in their respective chapters. 
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3.1  Introduction  

All archaeologists start modelling the moment they step out of the excavation 

trench. We interpret the individual finds (e.g., pots, skeletons, buildings etc.) 

within certain frameworks (e.g., pottery typologies, bone taxonomies, 

architectural types etc.) and analyse sets of finds to detect population level 

patterns (e.g., cultural similarities, age profiles of bone assemblages, urban 

development, etc.) with strict analytical rigour. However, the interpretations of 

these patterns in terms of human behaviour and causality are predominantly built 

using natural language, i.e. they are constructed in the form of conceptual 

models that hypothesise which causal mechanisms might have led from actions 

of individual actors (the owners of pots, users of skeletons and inhabitants of 

buildings) to the detected population-level patterns. These causal relationships 

are often described as, for example, ‘culture A influenced culture B’, ‘the 

dispersal reached area C’, or ‘population D outcompeted population E’. Although 

inferences like these are made on the basis of rigorously collected and analysed 

data, and are commonly built upon extensive research and a good understanding 

of multiple strands of evidence, they nevertheless represent a thought 

experiment and are therefore limited to the researcher’s ability to mentally 

manipulate the information in his or her head (Evans et al. 2013; Davidsson and 

Verhagen 2013). In recent years we have witnessed a surge of studies using 

qualitative formal methods, in particular simulation, which try apply a different 

type of methodology (for overviews see Kohler 2012; Lake 2014; Barton 2014) 

(Figure 3.1). 

This chapter presents an overview of the process of building simulation models, 

with a particular focus on the case studies of human dispersals. It will give the 

general background of simulation techniques, discuss the challenges and 

examples of best practice as well as the particularities of archaeological 

simulation. Its aim is to describe the epistemological framework upon which the 

simulation case studies presented in subsequent chapters were built. 
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Figure 3-1 The relationship between data analysis tools and simulation 

approaches. 

  The former allow archaeologists to detect patterns in the data 

but are not designed to test different scenarios of how these 

patterns might have emerged. Simulation enables researchers to 

construct conceptual models of past interactions in a formal 

environment and compare them to the archaeological record 

(see Thomas 1973, fig. 1; Gilbert and Troitzsch 2005, fig. 2.1; 

Raub et al. 2011, fig. 1).  

Simulation, understood as a scientific, computational methodology, is a 

technique in which researchers build a simplified model of a real-world system 

and observe its behaviour over a defined time period in order to explore its 

properties in a formal environment. Whilst formal models (which can be created 

in a multitude of ways, e.g., using statistics, GIS or game theory) lie at the heart 

of the approach, simulation adds the time dimension, therefore enabling 

researchers to investigate how different scenarios dynamically unfold over time. 

Simulation is a common scientific technique used across diverse disciplines 

ranging from physics, engineering and medicine to ecology and the social 

sciences. Simulation approaches are used for a variety of purposes, such as 

prediction, theory building, data exploration and integration, model testing and 

selection, and they have proven to be an indispensable tool for investigating the 

complexities of a wide variety of modern physical, biological and social systems 

(Grimm 1999; Mitchell 2009; Chattoe-Brown 2013). 

Although simulation techniques have been applied in archaeological research 

since the early days of the method (e.g. Clarke 1968; 1972; Doran 1970; Thomas 
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1973; Wobst 1974), they have not occupied such a central position in 

archaeology as they have done in other branches of science. The reasons behind 

this slow adoption are unclear. One contributing factor might be that the rapid 

rise of simulation techniques in other disciplines (Gilbert and Troitzsch 2005: 6-9; 

Hollocks 2008; Heath and Hill 2010), coincided with the period when ‘post-

processual’ critiques were introduced into the archaeological discipline, which led 

to a re-thinking of the epistemological foundations of the discipline and a strong 

critique of the scientific method. Furthermore, the research process of developing 

a simulation differs from archaeological practice. The research process most 

commonly undertaken by archaeologists consists of data collection and analysis 

followed by proposing the most plausible conceptual model to explain the 

patterns detected in the data. In simulation modelling this process is reversed, as 

the model-building phase precedes data collection and analysis. 

As a result, simulation techniques are not commonly taught as part of the 

standard archaeological curriculum at university level, and the discipline lacks 

comprehensive textbooks or introductory texts aimed specifically at 

archaeologists comparable to these written for other branches of science (e.g., 

Pidd 1998; Chung 2004; Gilbert and Troitzsch 2005; Miller and Page 2007; 

Railsback and Grimm 2011; Squazzoni 2012; Edmonds and Meyer 2013; 

O’Sullivan and Perry 2013). This has led to a very limited engagement by 

archaeologists with the few existing archaeological models and to limited 

discussion and feedback between modellers (themselves often archaeologists) 

and domain specialists - experts in the Palaeolithic paleoenvironments, Bronze 

Age pottery, Roman trade, etc. As a result, compared to other disciplines, 

simulation techniques are infrequently used to approach archaeological research 

questions (Lake 2010; 2014). 

However, the large-scale movements of people, objects, and ideas, described in a 

multitude of terms from dispersal, colonisation, and peopling, to demic diffusion, 

is a particularly rewarding topic for simulation studies (Young 2002; Steele 2009). 

Past human dispersals offer good examples of processes in which interactions 

between individuals and groups and the environment give rise to meso- and 

macro- scale patterns that can be relatively easily detected in the archaeological 

record. It has inspired a relatively high number of simulation studies, from 

models of the first Out of Africa dispersal ca. 1.8 Mya (e.g., Mithen and Reed 

2002; Nikitas and Nikita 2005; Romanowska 2015), and simulations of the 

spread of the Neolithic (e.g., Wirtz and Lemmen 2003; Ackland et al. 2007; Fort 

et al. 2012; Isern and Fort 2012), to models of the more recent peopling of 
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Oceania (e.g., Di Piazza et al. 2007; Davies and Bickler 2015). Although no two 

dispersal events were the same, they share enough common characteristics to be 

pulled out of their ‘time periods’ and be treated as one ‘research problem’ for the 

purposes of this dissertation. Throughout the chapter I will focus on these 

common characteristics and their representation in a simulation approach, and 

illustrate the different challenges and methods for dealing with them. 

A number of authors have described and discussed the process of simulation 

building in other disciplines before (e.g., Shannon 1998; Chung 2004; Becker et 

al. 2005) and in most cases the steps they recognised coincide with the ones 

described here. However, there are a number of differences affecting the process 

of model building in archaeology, including (but not restricted to) a strong focus 

on explanation rather than prediction (Epstein 2008), uncertainties in input data 

limiting the scales at which the models can be built and affecting the resolution 

of results, the common need to rely on proxies in parameterization, the specific 

nature of archaeological data limiting its use in validation, the epistemological 

issues of applying models of modern human behaviour to past societies or the 

different focus of the research questions asked by archaeologists. These are only 

a few challenges affecting the archaeological modelling process in ways other 

branches of science would be unfamiliar with and which have not been fully 

discussed in our discipline yet (McGlade 2014). These particularities strongly 

affect how models are constructed in archaeology and they will be accounted for 

throughout the chapter.  

Figure 3.2 illustrates the process of building and evaluating simulation models, 

and serves as an outline of this chapter. After the principal steps of identifying 

research questions (step 1) and finding the most suitable method to tackle them 

(step 2) the modeller designs the simulation, first by sketching out the general 

framework and the resolution of the simulation (step 3) and then by filling in that 

framework with the modelled entities and the rules governing interactions 

between them (step 4). The technical phase of coding and testing (step 5) is 

followed by data collection aimed at finding realistic value ranges for the model’s 

parameters (step 6) as well as deciding on the design of the run scenarios (step 

7). Finally, the key phase of analysing and re-contextualising the results of the 

simulation (step 8) naturally concludes in the dissemination of the findings of the 

model in publications and sharing the code through online repositories (step 9). 

Each step will first be described with a special emphasis on the key issues and 

then followed by examples of their relevance for the study of human dispersals. 
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The stages of simulation building, in itself a continuous process, are presented 

here following an arbitrary division derived from author’s experience. They 

largely coincide with descriptions of simulation research given by scientists 

working in other disciplines (Engineering: Sterman 2000; Chung 2004; Social 

Science: Becker et al. 2005, fig. 2; Edmonds and Meyer 2013; Ecology: Railsback 

and Grimm 2011) although often not explicitly divided into exactly the same 

phases or presented in the same order.  

Also, here we represent an ideal scenario. In reality, the different phases of 

building a simulation are often closely intertwined and performed in parallel or 

even reversed. For example, it is not uncommon to revisit the research questions 

when it turns out that it is impossible to obtain the necessary input data for 

parameterization. For the sake of clarity, however, we will assume in this chapter 

that in this instance the simulation project smoothly progresses from step one to 

step nine.  

 

Figure 3-2 The model development sequence. 

3.2 The purpose of the model and the research questions 

As with all research, every modelling exercise starts with identifying a research 

topic and constructing research questions. Although one could build a simulation 

model without clear research questions (often termed ‘exploratory modelling’) 

there are two major disadvantages to this approach. The first is the risk that 

one’s research will not reveal anything interesting or new. Although this is a 

possibility for any type of scientific investigation, the risk increases if one tries to 

do research without identifying any specific research questions. Secondly, 

knowing one’s research questions and the purpose of the model significantly aids 

its construction (Grimm and Railsback 2012; Norling et al. 2013). Sterman (2000, 

p.89-90) compares the research questions to a knife used to cut the simulation 

model into the desired shape and size. Almost all subsequent design decisions 
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are made in light of the research questions, such as the choice of the simulation 

method and the level of detail, the decision of what to include and what to leave 

out of the model, or which parameters to test and which to leave fixed. These 

points are all decided on with respect to what the modeller believes is crucial to 

understanding and solving the research problem.  

Although the range of research questions that can be approached with various 

simulation techniques is vast, they share certain characteristics. In general, 

simulation tools were developed to test hypotheses, provide a formal 

environment for theory building, attach probabilities and conditions to 

conceptual models, and identify areas where future research effort should be 

focused. At the same time, there are certain research questions which 

computational modelling cannot solve as they belong to one of the two other legs 

of the scientific method: the data and the theory. For example, there is no 

simulation model, no matter how skilfully developed, that can tell us when the 

earliest Neolithic farmers arrived in Europe as this kind of knowledge depends on 

empirical data, e.g., a discovery of a new site predating the already known ones. 

Equally, simulation, being by definition a computational instantiation of a 

conceptual model, cannot produce new and original but still contextually 

plausible hypotheses in a way the creative process of conceptual modelling can.  

Previous simulation studies of dispersal and diffusion processes looked at a 

variety of research topics and questions. They often focused on determining the 

rate of advance of the dispersal front and factors that increase or decrease that 

rate. A classic example is the study of the Neolithic spread into Europe through 

equation-based models (Wirtz and Lemmen 2003; Hazelwood and Steele 2004; 

Ackland et al. 2007; Lemmen et al. 2011; Baggaley et al. 2012; Fort 2012; Fort et 

al. 2012; Isern and Fort 2012). Other research topics include the Palaeolithic 

dispersals (Mithen and Reed 2002; Scherjon 2013; Callegari et al. 2013; Wren et 

al. 2014; Romanowska 2015), the peopling of the Americas (Steele et al. 1996; 

1998; Rouly and Crooks 2010) or the spread of the Bantu languages (Russell et 

al. 2014). Some studies investigated interdependencies between different factors 

within an abstract theoretical framework (e.g., Wren et al. 2014) while other 

focused on finding explanations for specific patterns in the archaeological record 

(e.g., Nikitas and Nikita 2005), still others tested a particular hypothesis (e.g., 

Scherjon 2013) or contrasted two alternative models (e.g., Fort 2012). 
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3.3 Choosing the method 

Once the purpose of the model and research questions are defined, the natural 

next step is to choose the method with which to tackle them. However, the 

question of whether we actually need a simulation to answer the research 

question posed in step one is not a trivial one (O’Sullivan et al. 2012). Simulation 

should only be used if there are no suitable analytical techniques for addressing 

the research question, for example GIS analysis or statistics. Data analysis 

techniques are both quicker and more reliable as they were developed for specific 

tasks. For example, there is no need for an elaborate simulation model if one 

wants to infer from a dataset of C14 dates the average speed of the colonisation 

wave as this can be done using standard analytical tools and, in some cases, even 

simple arithmetic.  

 

 

Figure 3-3 Three most common types of simulation techniques used in 

archaeological models of dispersals.  

 The top panel shows the structure of the underlying algorithms: 

(EBM) an equation describing the dispersal as a function of 

population growth and diffusion, (CA) rules describing 

probabilities determining how each cell in a matrix is updated, 

and (ABM) rules describing how individuals interact. The bottom 

panel shows example visualisations for each type. 

However, often there are good arguments for a simulation approach. For 

example, the research may concern causality or explanation of non-intuitive data 

patterns, or aims to test one or contrasts several hypotheses for which 

predictions are unclear. Simulation can tackle system complexity thus its 

common application when multiple factors are believed to influence the system 



Chapter 3: Methodology 

79 

and when the modelled interaction and processes are known to be non-linear (see 

Bonabeau 2002). However, different simulation techniques are most suited for 

different research problems. In archaeology the three most popular simulation 

approaches applied to dispersal case studies are: Equation-based modelling 

(EBM), Cellular Automata (CA), and Agent-based modelling (ABM) (Figure 3.3) 

(Steele and Shennan 2009). 

3.3.1 Equation-based modelling 

Sometimes referred to as system dynamics2 or mathematical simulations, 

equation-based models (EBMs3) are probably one of the most common tools in 

science and a widely used tool in social simulation studies (Gilbert and Troitzsch 

2005; Epstein 2006; Steele and Shennan 2009). They consist of one or a set of 

equations that can be solved analytically or numerically. An example of such a 

model, used commonly in modelling dispersals, is the Fisher-Skellam model, 

derived and modified from equations used to model chemical reaction-diffusion 

processes. It consists of two terms (see Figure 3.3): one describing population 

growth and the other simulating diffusion from the denser to sparser occupied 

regions (Steele 2009). The equation can be extended by other terms, for example 

a competition with another population (e.g., Isern and Fort 2012) or different 

factors affecting the speed of the diffusion wave (Steele et al. 1998). Equation-

based modelling is known as a ‘top-down’ approach (Klüver et al. 2003; Macal 

and North 2010) since the population is treated as one homogenous entity and 

only the population-level characteristics are modelled, e.g., the overall population 

size, the growth rate, or general rules for competition between groups. The 

entities and the relationships between them are described mathematically, and 

the model is then run for a range of parameter values (Epstein 2006; Premo 

2006).  

The representation of the population as one homogenous entity is the main 

drawback of the method. Although, it makes for a fast development and good 

tractability of EBMs, the homogeneity of the modelled entities means that EBM 

does not deal well with modelling variability within the population (e.g., variable 

levels of particular characteristics among individuals), chance processes and 

behaviours dependent on individual circumstances and chance events (e.g., 

                                            
2 System dynamics is a type of Equation-based modelling, so the terms are not fully 
synonymous. 

3 It is customary to use the ‘EBM’ acronym to denote Equation-based modelling and the 
‘EBMs’ acronym for Equation-based models. The same applies to ABM/ABMs and CA/CAs.  
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innovation, adaptation, and learning), or changes to the population occurring 

during the dispersal, such as evolutionary and cultural trends (e.g., shifts in the 

adaptations, changes in social and cultural behaviour, etc.). Another disadvantage 

of EBM related specifically to archaeological case studies is the mathematical skill 

needed to develop them. For the same reason, they are also difficult to 

communicate to an archaeological audience, which is usually not accustomed to 

seeing past human behaviour represented in the non-intuitive language of 

equations. However, there are many benefits of using equation-based models as 

they are easy to analyse, understand (by specialists) and interpret, and their 

mathematical tractability makes them virtually impervious to code mistakes or 

misinterpretations of the results as compared to other simulation methods 

(Steele and Shennan 2009). Most of the models of the spread of the Neolithic are 

developed as EBMs (e.g., Ackland et al. 2007; Fort et al. 2012). 

3.3.2 Cellular Automata 

Cellular automata models (CAs) reached the height of their popularity in the early 

2000s, even inspiring some researchers to declare them ‘a new type of science’ 

(Wolfram 2002). CAs represent a virtual world in the form of a grid in which each 

cell is modelled as a numerical state value (usually boolean 0-1 or True/False) 

(Gilbert and Troitzsch 2005; Bithell and Macmillan 2007), which in dispersal 

studies usually represents the state of being ‘occupied’ or ‘empty’. The value may 

be a function of the states of the neighbouring cells as in the famous Game of 

Life (Poundstone 1985), but in dispersal applications it is usually a probability 

that describes the odds that the cell becomes occupied or empty at each time 

step. Although these types of models are relatively easy to develop and 

communicate, this advantage comes at the cost of a restricted range of 

applications. For example, CA cannot be used in any models where population 

dynamics need to be explicitly modelled. Moreover, contrary to EBMs the models 

require specific techniques to analyse results. Examples of the use of CA for 

studying human dispersals include the SteppingOut model (Mithen and Reed 

2002) of the first Out of Africa dispersal, and the related model by Nikitas and 

Nikita (2005). 
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3.3.3 Agent-based modelling 

Sometimes referred to as individual-based or multiagent simulations4, agent-

based models (ABMs) are becoming increasingly popular in archaeology (Lake 

2014). ABMs comprise individual heterogeneous agents interacting with each 

other and with their environments. These interactions are governed by rules of 

behaviour defined by the modeller and often modelled stochastically (i.e. using a 

random number generator) (Gilbert and Terna 2000; O’Sullivan and Haklay 2000; 

Macal and North 2010; Davidsson and Verhagen 2013). Occasionally these simple 

rules lead to unexpected population-level patterns, a phenomenon referred to as 

‘emergence’ (Epstein 2006: p. 31-33). ABM is often described as a ‘bottom-up’ 

approach, because population level patterns are expected to emerge from the 

local interactions between agents. For example, population growth may be 

modelled not as a function of time (like in EBM) but as a result of interactions 

between male and female agents under conditions imposed by the modeller (e.g., 

both agents need to be in spatial proximity of each other, reach a certain age or 

energy level, etc.). ABMs can suit a very wide range of applications, and they are 

intuitively easy to build and understand because of the agents and their 

behaviour being explicitly represented and easy to relate to everyday experiences 

(Bonabeau 2002) as well as thanks to the existence of user-friendly modelling 

platforms (Wilensky 1999).  

However, this flexibility comes at a price. As much as EBMs tend towards elegant, 

but generalising and, as a result, sometimes overly simplistic representations of 

past systems, in ABMs it is only too easy to keep on adding new variables, 

additional rules of interactions and different types of entities. This may easily 

lead to over-engineered models littered with complex representations of aspects 

that are not relevant to the research questions. More realism in a simulation is 

not a problem in itself. However, the higher the number of variables the better 

chance of introducing unintentional errors, the more difficult it is to check the 

code and the more challenging it is to recognise which elements of the model 

caused the ‘interesting’ results (Railsback and Grimm 2011; Bullock 2014). 

Although this issue is not confined to ABM, it is nevertheless more common than 

in other techniques (Ropella et al. 2002; O’Sullivan et al. 2012; Galán et al. 2013). 

The ‘SteppingIn’ model (Scherjon 2013) and the SHEEP model (Romanowska 

                                            
4 Although some researchers recognize subtle differences between individual-based, 
agent-based and multiagent simulations, equally often the terms are used 
interchangeably (e.g. Railsback and Grimm 2011). The first is more common in ecology, 
the second in social sciences and the third in robotics and computer science.  
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2015) are examples of the archaeological use of ABMs for the study of 

Pleistocene human dispersals. 

If interactions between entities within a heterogeneous population are important 

to address the research questions then ABM is probably the right choice, but 

when population-level dynamics are key then EBM or CA are more suitable (see 

also Siebers et al. 2010). Models can also be built using a combination of these 

three techniques, for example the QHG (Quantitative Human Geophylogeny) 

model by Callegari and colleagues (2013) uses both EBM elements and individual 

agents. Although the decision of which simulation technique to use should be 

determined by the research questions and the characteristics of the modelled 

system, rather than personal preference or skills, there is a clear preference for 

ABMs among archaeologists. However, the reliability, speed and clarity of EBMs 

are likely to make it a highly attractive tool once simulation becomes better 

established in archaeology. 

3.4 Establishing the scale and resolution 

In this step the modeller determines an appropriate scale of analysis and 

resolution of the entities and inputs of the simulation model. Some models are 

purely abstract and do not need to be translated into real world terms (Premo 

2010). However, most simulations in archaeology, especially those that will be 

compared to real world data, need at least some definition. In such cases the 

modeller has to be explicit about what the different entities in the model 

represent: are agents individuals, households, or groups? Is the time step a year, 

a generation or 1000 years? Deciding on these questions early on is important as 

consistency and compatibility of analytical scales is key: for example, if the 

agents represent individuals then using a time step of 1000 years would make 

the model meaningless. 

The research questions defined in step one and the methods chosen in step two 

will to a large extent determine the analytical scale of the model (Grimm and 

Railsback 2012). If the researchers are interested in the general patterns of the 

peopling of entire continents it is safe to assume that individual decisions and life 

trajectories can be aggregated into larger entities and modelled in a probabilistic 

or even deterministic way. However, if they want to pursue a more fine-grained 

research problem, for instance assessing the hypothesis that following seasonal 

migrations of large game provided a boost to the speed of the peopling, then 

going down to the level of at least groups is unavoidable. Evidently, the method 

chosen in step two will depend on and impact the level of detail presented in the 



Chapter 3: Methodology 

83 

model. For example, when using EBM or CA the mechanisms of interactions are 

modelled on the population scale, hence any questions invoking variability in 

individual or even group-level behaviour would be difficult to address. 

The final factor to consider in this step is the resolution of different types of 

input the model is reliant on, often called ‘exogenous data’, for example, soil 

quality maps, the Pleistocene temperature curve or detailed data used to 

characterise individual behaviour. Jason Noble (pers. comm. 2013) aptly 

summarised: ‘even a very exact number multiplied by a random number is still a 

random number’, meaning that if the simulation depends on any external data 

input (e.g., environmental data), then the resolution of that input is also the 

maximum resolution of any reliable results produced by the model. Thus, trying, 

for example, to use environmental data of a resolution of hundreds of kilometres 

in a model that treats agents as individuals, would be equivalent to multiplying a 

very exact number (agent behaviour) by a random number (the environment). 

Therefore, the rule arising from Noble’s observation is to treat the input data with 

the lowest resolution as a guide to what is a feasible framework for the whole 

simulation. This rule forms the basis of a methodological framework commonly 

applied in ecology called Pattern-oriented Modelling (POM)(Grimm et al. 2005).  

Most examples of simulations of the earliest, Pleistocene dispersals use very 

coarse chronological and spatial resolutions: hundreds of years for a time step, 

and 0.5-1 degrees for distances as they inherit the resolutions of the available 

environmental data. As a result, in these models group or individual level 

interactions are treated in an aggregated manner. The closer to the present, the 

higher the resolution of the input data and of the whole simulation. For example, 

in the ‘SteppingOut’ model of the first Out of Africa (Mithen and Reed 2002) each 

step represents 250 years, while Steele and colleagues (1996; 1998) were able to 

use a chronological resolution of 1 year in their model of the Paleoindian 

peopling of the Americas. 

3.5 Entities and the rules of interaction (‘defining the 

ontology’) 

In the previous step, we determined the general characteristics of the simulation. 

In this step it is time for a more detailed description of the modelled entities and 

the rules of interaction governing their actions. A model is always a simplified 

representation of the system of interest (Klüver et al. 2003). However, how it will 

be represented depends on the modeller and their hypothesis of what constitutes 
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the essential elements and mechanisms of the system and which ones are 

necessary to answer the research questions defined in the first step (Ahrweiler 

and Gilbert 2005; McGinnis et al. 2011). This conceptualisation of the modelled 

system into a set of entities and rules of interaction is known as an ‘ontology’ 

(Gruber 1993). 

Building the conceptual framework of a simulation is a difficult task. On the one 

hand, it has to be as specific as possible to enable translation into computer code 

in the next step, on the other hand ontologies are descriptive in nature as they 

represent the modeller’s belief of how the ‘real-world’ system works (Hofmann et 

al. 2011). Therefore, multiple simulations of the same system may be built on the 

basis of different conceptual models comprising distinct entities and the rules 

that govern their behaviour. In the social sciences there are two schools of 

thought that disagree as to how conceptual models should be represented in 

simulation models: the KISS, or ‘Keep it Simple, Stupid’, and the KIDS, or ‘Keep it 

Descriptive, Stupid’ (Edmonds and Moss 2005; Premo 2010; Railsback and Grimm 

2011; David 2013).  

The KISS approach works on the premise that one should build models from the 

bottom up, starting from the simplest possible representation and only including 

additional entities, processes or rules if it is absolutely necessary. An example 

would be an agent-based model in which the agents’ dispersal is fuelled solely by 

one mechanism: population growth (e.g., Romanowska 2015) or choosing the 

most attractive ‘next-step’ (e.g., Scherjon 2013). One can subsequently add 

further elements, like including a friction map with topographic barriers to see if 

the shape of the dispersal wave changes (e.g., Steele et al. 1996), or 

differentiating the population growth depending on which environment the 

agents occupy. By implementing such incremental changes the modeller 

experiments with the increasing complexity of the simulation, trying to achieve 

the simplest yet accurate representation of the system in question. 

On the other hand, the proponents of the KIDS methodology (Edmonds and Moss 

2005; Edmonds and Meyer 2013) argue that it is unwise to discount the 

knowledge we already have of the system or judge what types of data should take 

primacy (e.g., qualitative, 'anecdotal' accounts may be just as good a source of 

inspiration as formal social theory). Thus, it may be better to try to model the 

phenomenon in question in as much detail as possible and then gradually strip 

the model of everything that turns out not to be significant. This approach 

removes the need for strong theoretical arguments for why certain elements were 

included in the model while others were left out, but it also assumes a high 
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degree of knowledge of the system we try to model, which may limit its utility for 

archaeological applications. 

The KISS rule is more commonly followed than the KIDS approach in simulation 

modelling because each additional line of code brings the possibility of 

introducing an unintentional error into the code and each extra algorithm makes 

the behaviour of the simulated system more difficult to track, understand and 

interpret. This is particularly true for models containing non-linearity, feedback 

loops, and stochasticity, which constitute the vast majority of all simulations 

concerned with human societies. The previously mentioned issue of 

‘overdesigned’ ABMs is directly correlated with the potential for code errors, 

intractability and difficulties related with describing and interpreting the results 

as well as the computational cost of exploring the parameter space of the model 

(discussed further on). This is a critical distinction between the KISS and KIDS 

approaches, and the main reason why KISS is more effective than KIDS in data-

poor research areas. Unless there is an incredible high-quality knowledge of the 

data and the process – a rare occurrence in archaeology – the KISS approach is 

likely to be more appropriate. 

Regardless of whether the KISS or KIDS strategy is followed, the final shape of the 

model as presented in the final publication is always the result of a long series of 

experiments and modifications, where various elements and algorithms are 

continuously added to and removed from the simulation. It is common for 

modellers to be accused of leaving some elements out of their models that others 

argue to be key in the functioning of the simulated system or using rules of 

interaction that the critic disagrees with (Waldherr and Wijermans 2013). These 

arguments often stem from the misunderstanding of the scope and capacity of 

simulation techniques (see Chattoe-Brown 2013). Rather than trying to mimic the 

full complexity of the past or present reality, a simulation’s aim is to evaluate 

hypotheses, answer research questions or provide predictions only in terms of 

the implemented ontology and within the tested ranges of parameter values. 

Although in theory it may be possible to fully replicate an existing system, this 

might render the model useless since the more complex the model gets the 

higher the risk that the simulation becomes as impenetrable as the original 

system. Like in a virtual laboratory, experimenting with different elements and 

their combinations, and testing them one or a few at a time is a valid scientific 

method (Moss 2008; Premo 2010). 

When constructing dispersal models in archaeology the most commonly used 

entity is a human population. In the case of EBMs, human groups are treated as a 
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homogenous population and usually described as a number representing the 

density of occupation. In CAs, the human population is represented as a Boolean 

value indicating whether the cell is ‘occupied’ or ‘empty’. Finally, ABMs use 

agents as representations of individuals, households, human groups, or larger 

populations. 

Almost universally, the second key entity is the environment over which the 

population disperses, usually represented in the form of a friction map. The 

environmental characteristics included in the friction map depend on the 

modelled system. For example, what is considered a fast-track corridor in the first 

Out of Africa dispersal may be an area of slower diffusion for Neolithic 

populations. Therefore, the environmental layer of the simulation may be any 

combination of topography (e.g., Nikitas and Nikita 2005), biomes (e.g., Hughes 

et al. 2007), soil quality (e.g., Ackland et al. 2007), proximity to rivers (e.g., 

Scherjon 2013) or even a social network if the model concerns cultural 

transmission.  

The rules of interaction within and between population(s) as well as with the 

environment are usually grounded in a particular theoretical framework or 

academic consensus among the research community (Ahrweiler and Gilbert 

2005), although occasionally attempts are made at testing a wider set of 

mechanisms driving the studied phenomenon (e.g., Scherjon 2013). For example, 

the notion of heavy dependence of early hominins on the environment they 

inhabited, generally accepted among Palaeolithic researchers (see Holmes 2007), 

has been translated into strong environmental determinism in the models of 

Pleistocene dispersals (e.g., Mithen and Reed 2002; Romanowska 2015). Other 

commonly used mechanisms in modelling human dispersal include: population 

growth (e.g., Steele 2009), competition with an indigenous population (e.g., Isern 

and Fort 2012), and varying modes of transport (e.g., Fort et al. 2012).  

3.6 Coding and testing (‘Implementation’ and 

‘Verification’) 

Once the modelled entities and rules of interactions are defined and placed 

within the framework established in step 4, the next phase is to implement them 

as computer code. There are a number of simulation software platforms, 

designed to make this step easier, such as NetLogo, Repast or Swarm for ABMs 

(Railsback et al. 2006; Nikolai and Madey 2009), MATLAB (The MathWorks 2014) 

for EBMs and AnyLogic for combining EBMs and ABMs (AnyLogic 2014). 
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Sometimes, modellers write their models from scratch in a general-purpose 

programming language such as Python, Java, C++, or R (Downey 2012).  

There are two common pitfalls at this stage (Galán et al. 2013). The first error 

that can occur during the coding step is when the computer code does not 

correctly represent the conceptual model. This may be the fault of the modeller 

who misrepresented the conceptual model or of the author of the conceptual 

model who did not formulate their model in an unambiguous manner. Many 

researchers build their models in an explicit manner using a formal mathematical 

description of their hypotheses, which facilitates the translation of conceptual 

models into simulations. However, perhaps largely due to the aforementioned 

lack of reciprocal feedback between domain specialists and modellers, examples 

of such mathematical definitions of hypotheses are rare in archaeology, leaving 

the step of formalising conceptual models in the hands of modellers, who may or 

may not correctly understand the intentions of the authors of the conceptual 

models (Waldherr and Wijermans 2013). 

Translating conceptual models from natural language into computer code is one 

of the best methods for identifying the assumptions underlying the modelled 

theory, including those that are not immediately recognisable as being 

assumptions at all (Norling et al. 2013). For example, almost all simulations of 

the first Out of Africa dispersal start from East Africa and most of the Neolithic 

diffusion models take Jericho (or its environs) as their point of origin (Mithen and 

Reed 2002; Fort, Pujol and Linden 2012). Although rarely questioned even by 

archaeologists, these are assumptions and it is useful to consider them as such. 

Similarly, although it is generally agreed that early hominins would spread faster 

over grassland-type biomes similar to the environment in which they evolved, no 

conceptual model has ever ventured to specify how much faster? Was it 20% 

faster than over forested biomes? Or twice as fast? While conceptual modelling 

allows us to construct models with such underspecified elements, the need to 

translate them into computer code forces the definition of assumptions in a more 

formal manner.  

The second common error at the coding stage is more difficult to recognise and 

occurs when the computer code does not do what the modeller intends it to do 

(David 2013; Galán et al. 2013). This may derive from simple errors such as a 

typing mistake or incorrectly placed brackets. Even more difficult to identify are 

misconceptions regarding the deeper levels of the code’s architecture, for 

example drawing random numbers from an inappropriate distribution or floating-

point number rounding errors (Izquierdo and Polhill 2006; Banks and Chwif 
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2011). Therefore, the coding step is usually divided into two phases: code 

building (‘implementation’), and consolidation/testing (‘verification’) in which 

each part of the code is repeatedly checked and tested or ‘debugged’ in 

computer science jargon (Norling et al. 2013). The latter phase is often as long or 

longer as the former, since the more thoroughly the code is tested, the more 

confidence we can have that the results represent the true dynamics of the 

simulation. 

Since every simulation is in fact a form of software, commercial software 

development techniques and best practices can be employed (Baxter et al. 2006; 

Joppa et al. 2013; Rossiter 2015). A large number of techniques have been 

developed in computer science for building reliable code, such as testing 

frameworks, reimplementation of the code in another programming language, 

unit testing, defensive programming, test-driven development, metamodelling 

languages such as the Universal Modelling Language (UML), or CoSMoS Pattern 

Language etc. (Ropella et al. 2002; Stepney 2012; Collier and Ozik 2013; Galán et 

al. 2013; Gürcan et al. 2013; North and Macal 2014; Rossiter 2015). 

Nevertheless, it is unrealistic to assume that, even if extensive testing was 

undertaken and best practice followed, all simulations are error free.  

EBMs are usually simpler to code than ABMs and CAs and, since they are more 

mathematically explicit, less likely to contain errors. On the other hand, ABMs are 

particularly prone to coding errors as the interactions and processes are often 

stochastic and irregularities do not stand out as much as they would in EBMs 

(Ropella et al. 2002). The experiences gained in other disciplines (Macy and Sato 

2010; Railsback and Grimm 2011; David 2013; Norling et al. 2013) show that 

unintentional errors are far more common than one may wish them to be. Hence 

the importance of another verification technique: replication (Wilensky and Rand 

2007; Galán et al. 2009; 2013). Replication is a specific form of peer-review, in 

which a group of scholars, independent of those who published the model, build 

the model themselves to check whether they obtain the same results as the 

original implementation (Edmonds and Hales 2003; Wilensky and Rand 2007; 

David 2013). Worrying, the number of replication studies of archaeological 

simulations is low and not a single one of a dispersal case study has been 

performed so far (cf. Barton and Riel-Salvatore 2012; Premo 2012). 

3.7 Choosing parameter ranges (‘parametrisation’) 

Once the simulation is built and tested, one needs to decide on appropriate 

settings and ranges of values for the parameters. In EBMs these are the values 
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used in equations, in ABMs they describe the features of the agents and their 

environment, while in many CAs parameters are used to define probabilities of 

various events. In simulation models of human dispersal, common parameters 

include population growth rate, the size of the initial population, and the carrying 

capacity of different environments. 

In theory, one could test the full parameter space, that is, run the model with all 

possible values for all parameters and their combinations. In practice this is not 

feasible even for relatively simple models5 and a more efficient strategy of setting 

at least some of them at a specific value and only testing specific ranges of 

values must be deployed. The most common approach to finding such values is 

to derive them from empirical data. In archaeology where such data is not always 

readily available, one may use proxies representing the most parsimonious 

approximation of the real values (Hazelwood and Steele 2004; Robson and Wood 

2008; Fort et al. 2012), for example, statistical aggregates of values derived from 

observations of contemporary groups of hunter-gatherers or sedentary 

agriculturalists (e.g., Binford 2001). It is common to then significantly extend 

their range, for example, by doubling the maximum and minimum values, 

therefore ensuring that the ‘real’ value is likely to be somewhere within the tested 

range even if it is impossible to pinpoint it exactly. 

The results of the simulation are rarely equally sensitive to all tested parameters 

and the models are often surprisingly unresponsive to even a high variation of 

some of them. This can have different reasons: sometimes certain processes have 

a much stronger impact on the key elements of the system than others, while in 

other cases built-in feedback loops balance things out. For example, the rate of 

population growth under conditions of low competition typical for the initial 

phase of settling a new area is important to the system dynamics. However, once 

the population reaches its local carrying capacity, the value of the growth rate 

becomes negligible as the competition over resources is the main determinant of 

the absolute size of the group. Thus, depending on the model and its 

implementation, varying the population growth rate may or may not change the 

results. 

                                            
5 With each new parameter the number of simulation runs increases exponentially. 
Imagine an unusually simple simulation with only 2 parameters - if their range is tested in 
five places (for example:  -10, -5, 0, 5, 10) 25 runs need to be performed. Adding a third 
parameter would require 125 runs. If the simulation is stochastic (i.e. includes 
probabilities and randomly drawn numbers) each of these runs has to be repeated at least 
20 times, which means the simulation would need to be run 2500 times in total.  
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Modellers commonly use two techniques to explore the range of parameter 

values in a model (Richiardi et al. 2006; Evans et al. 2013; David 2013). First, to 

test the impact of different parameters on the final results, modellers perform a 

sensitivity analysis (e.g., Fasham 1995). In this procedure, each parameter is 

varied independently, for example by 10, 50 and 100%, to see if the results of the 

simulation change in a predictable fashion. By highlighting only those parameters 

that have a real impact on the results, the number of runs can be reduced, saving 

significant amounts of time and computing power. The second technique is 

calibration (Richiardi et al. 2006; Moss 2008). In simple terms this means 

checking under what parameter values the simulation will produce results 

consistent with a subset of data not used in the development of the simulation. 

This produces a benchmark, which allows keeping some of the parameter values 

fixed in the real runs. There are many statistical techniques for comparing the 

model output with data developed for calibration, from simple t-tests to more 

complex approaches such as maximum likelihood estimation or the method of 

simulated moments (Windrum et al. 2007; David 2013). 

In simulation models of human dispersals, the most common approach to 

calibration is to select a few sites at which the arrival of humans or cultural 

markers is particularly well dated, and vary the parameters until the simulated 

dispersal front arrives at their locations at the time consistent with their dating 

(e.g., Mithen and Reeds 2002; Nikitas and Nikita 2005; Baggaley et al. 2012). 

Calibration is an important step in itself in model building, as it tests the 

underlying conceptual model: if the simulation fails to replicate the training data, 

it is not a correct representation of the real system. 

3.8 Running the simulation (‘experiment design’ or ‘DoE’) 

After coding and parameterizing the model, the modeller will design the 

experiments that should allow them to address the research questions specified 

in step one. The selection of the most appropriate strategy at this stage depends, 

again, on the nature of the research questions: are they concerned with how the 

system performs under a wide range of parameter values or is the researcher’s 

goal to evaluate conflicting hypotheses?  

The first step is always to decide on the start and stop conditions. The start 

conditions, commonly termed ‘initialisation’, describe the state of the model at 

time zero. In the case of dispersal models this usually involves decisions on, for 

example, where the dispersal will start from, the size and the composition of the 

original population, the initial values of any specific traits of the population or 
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their distribution among agents and, if the simulation is pegged to any real data 

input that changes over time (e.g., the environmental record), what date will be 

used as the starting time of the dispersal. Equally the stop condition has to be 

determined in advance. The simulation may be halted after a certain number of 

steps, which may relate to concrete time units (years, decades etc.) or may be 

determined statistically (Chen 2012). Alternatively, conditional stops can be used, 

for example the arrival of humans at a specific island could be considered a 

conclusive step in models of the peopling of the Pacific Islands (e.g., Fitzpatrick 

and Callaghan 2013). In abstract models the time step usually does not 

correspond to any particular real time unit and there is no obvious stopping 

point, hence an arbitrary (usually very high) number of steps is used. In some 

cases the modeller waits until the simulation ‘converges’ or attains ‘fixation’, 

which can be loosely translated as ‘nothing interesting happens any more’. For 

example, in a hypothetical simulation, which investigates the interaction between 

an original population and an incoming one, there would be little point in 

continuing the run once one of them dies out. 

There are two main techniques for running the simulation in ways that will 

answer the research questions: the parameter sweep and the testing of 

alternatives (Hoad et al. 2014). In the first technique the modeller changes all 

parameter values gradually one by one in order to understand the relationship 

between the parameters and the model behaviour (e.g., Premo 2006). This 

technique identifies dependencies such as, for example, the higher the 

population growth the faster the dispersal. It may also help to detect thresholds 

and feedback loops, for example, the higher the availability of resources the 

larger the population, as long as the consumption of resources does not exceed 

the population’s regeneration rate. Another experimental design approach is to 

test alternative scenarios, usually representing conflicting hypotheses, by running 

the simulation with specific sets of parameter values that fundamentally change 

the model/behavioural structure (this is termed ‘theoretical plurality’ as opposed 

to the ‘parametric variation of a single model’ tested in the parameter sweep). For 

example, one can use different starting locations for the dispersal, or run the 

model with certain passages, like narrow water crossings or mountain passes, 

first blocked and then unblocked while keeping all the other parameters fixed 

(e.g., Romanowska 2015). Additionally, model selection is being increasingly 

used instead of classical null-hypothesis testing. The model selection approach 

uses statistical tools, derived from Bayesian statistics, which give a value 

denoting how well each model/hypothesis corresponds with the data (e.g., Crema 

et al. 2014). 
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The final question when running simulation models is how many times each 

parameterization of the model needs to be run. The answer to this question 

depends on the model being stochastic (like most ABMs and CAs) or deterministic 

(like many EBMs). Deterministic models are run only once as repeating the run 

with the same parameter values would simply produce exactly the same results. 

In stochastic models some of the mechanisms are probabilistic, i.e. require 

drawing random numbers that will differ from one execution of the simulation to 

another. Therefore each scenario has to be re-run a number of times to find the 

average and the distribution of the results. Although there is no established 

minimum of how many iterations should be run, the number rarely drops below 

20 runs. In general, the higher the variance the more runs should be performed, 

the exact number of which can be calculated using appropriate statistical 

techniques, for example convergence tests (Ritter et al. 2011). 

Once the start button is pressed the simulation starts performing all the 

calculations coded in as algorithms and the modeller can do little besides 

patiently waiting for the results to start coming in.   

3.9 Analysing and interpreting the results 

The results of individual simulation runs rarely produce instant eureka moments, 

but instead mostly consist of long columns of numbers. Moreover, once these 

numbers are analysed and reveal interesting patterns it may not be immediately 

obvious which of the elements of the model caused the interesting results, 

highlighting the need for more work to tease out the full sequence of causality in 

the model. The analysis and interpretation of the output of a simulation therefore 

usually consist of three stages: recognising patterns in the results, understanding 

what mechanisms caused them, and quantifying the uncertainties of the 

simulation (Evans et al. 2013). 

In the first stage, often termed ‘exploratory data analysis’, modellers use a range 

of statistical and visualisation techniques to recognise patterns in the results 

(Kornhauser et al.  2009; Hoad et al. 2011; Evans et al. 2013; Dorin and Geard 

2014). The outcome of each run is usually described as one (or a set) of summary 

statistics, for example in dispersal models, the timing of the first arrival at a 

particular location. However, the modeller could choose other types of ‘artificial 

data’. It is sometimes possible to define a simulation-specific index, which 

combines a number of outputs into one number and can be plotted over time to 

observe changes. Visual analysis of the results is often a useful approach, 

especially for recognising general patterns resembling the so-called ‘stylised 
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facts’, i.e. broad generalisations which are often qualitative in nature but 

nonetheless widely accepted as correct by the community. A good example of a 

‘stylised fact’ would be a particularly early arrival or a delay of the dispersal wave 

in a given region, e.g., speedy dispersal into Southeast Asia combined with late 

colonisation of Europe in the first Out of Africa dispersal (Mithen and Reed 2002) 

or a specific shape of the dispersal front, e.g., comparable with the known extent 

of one of the early Neolithic cultures (Ackland et al. 2007). In some models, 

especially if they involve evolutionary mechanisms, the simulated cultural record 

(for example, density, spatial distribution or variability in cultural assemblages) is 

not described by summary statistics but instead sampled to mimic the time-

averaging and other postdepositional biases that affect archaeological data 

(Madsen 2012; Premo 2014). The question of how to represent the archaeological 

consequences of the modelled processes in a way that is directly comparable with 

the archaeological record is an issue particularly relevant to archaeology. 

However, this topic has so far received little discussion in the archaeological 

simulation literature. 

Once the interesting patterns are identified, the second stage is to understand 

the mechanisms that gave rise to them. In EBMs, the role of each factor is known 

as it appears in the equations, so the interpretation of the model’s results is 

usually straightforward. However, as the model departs from the analytical rigour 

of mathematics and strives for realistic representation of the studied real-world 

system, the results become increasingly opaque because “the behaviour of a 

simulation is not understandable by simple inspection, on the contrary, effort 

towards the results of a simulation must be expended, since there is no 

guarantee that what goes on in it is going to be obvious” (Di Paolo et al. 2000: p. 

501). This has led researchers to call simulations opaque thought experiments 

(Bullock 2014; Di Paolo et al. 2000). In some cases, particularly in the social 

sciences where simulations are built to inform policies, some of them resemble a 

black box without any loss to the aims of the research (Epstein 2008). However, 

in the explorative, heuristic models, which aim to investigate processes, the 

modeller has to tease out which particular mechanisms in the simulation caused 

the interesting patterns and reconceptualise it to see what insight this causality 

may give us into the real-world system (Gore and Reynolds 2008; 2010).  

The final stage in the analysis and interpretation of simulation results is to deal 

with the problem of validity: how do we know that our simulation is a valid 

representation of the real system? This is a common concern in any type of 

modelling and one not taken lightly by the simulation community (e.g., Oreskes 
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et al. 1994; Troitzsch 2004; Küppers and Lenhard 2005; Windrum et al. 2007; 

David 2013). The phase of the model development that deals with this issue is 

called ‘validation’ and can be defined as: “an assessment of the extent to which 

[the simulation] M[odel] is a good representation of the (unknown) process that 

generated a set of observed data’ (Windrum et al. 2007: 1.7). In all modelling 

exercises, both conceptual and computational, the validation is performed by 

comparing the model predictions (in the case of simulations, the model results) 

with the available empirical data. A good fit between the two indicates at least 

that this set of system entities, the rules governing their behaviour, and the 

relationships between them can lead to outcomes which match (to some given 

tolerance) the empirical data. 

However, like with every model (that includes conceptual hypotheses), this is no 

proof that the absolute ‘truth’ about the past has been revealed. Results 

coinciding with few data points may just be a coincidence and it is often not 

entirely clear how close to the patterns observed in real data the model results 

need to be in order to declare it ‘valid’. This issue is especially strong in cases 

where the aim is to replicate qualitative stylised facts. Also, even if the model 

matches a large number of data points, one can never be certain whether an 

alternative model of the same system would not be able to align with the data 

even better. This problem is known as ‘equifinality’ (Premo 2010; Evans et al. 

2013; Graham and Weingart 2015)6. For these reasons, the validity of any 

modelling work is closely interlinked with the amount and quality of data as well 

as the strength of conceptual models. It is worth pointing out that the equifinality 

refers to a wider philosophical phenomenon in science – the underdetermination 

of scientific theory (Stanford 2017). In simple terms, the undertermination refers 

to the idea that “the evidence available to us at a given time may be insufficient 

to determine what beliefs we should hold in response to it.” (Stanford 2017). 

Thus, this is not a simulation-specific issue but rather a stable, if undesirable, 

element of the scientific process.  

Some types of models only need to be verified (i.e., checked for any internal 

errors), as they are not designed to produce point predictions but rather elucidate 

general patterns and mechanisms. For example, subjunctive models test abstract 

‘if-then’ questions (e.g., Wren et al. 2014), feasibility models aim to demonstrate 

                                            

6 A closely related issue, the problem of identifiability, is that without testing the full 
parameter range it is impossible to say whether a simulation output that compares 
favourably with empirical data could not have been achieved with a different combination 
of parameter values not tested in this particular experiment (Evans et al. 2013). 
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if something was or was not possible (e.g., Davies and Bickler 2015), whilst other 

types test the internal coherence (but not the correctness) of abstract conceptual 

models (e.g. Young 2002). In these cases researchers use only verification 

techniques: replication (discussed in section 6) or model alignment – an 

alternative method of replication in which the simulation built using a different 

method or ontology is compared to the original study (Axtell et al. 1996). 

In those models, which have to show that they correctly relate to the past reality, 

i.e., need to be ‘validated’, there are a few ways around the problem of 

uncertainty (Chwif et al. 2008; Sargent 2013). The most commonly used one, 

especially in disciplines researching modern societies, is to provide predictions 

that could be compared to future data. This is obviously not an option for 

archaeological case studies. Another approach is to compare the results to 

multiple independently collected sets of empirical data. For example, in the 

classic Artificial Anasazi model (Dean et al. 2000; Axtell et al. 2002) simulating 

the rise and decline of ancestral Pueblo peoples in the American Southwest, the 

results replicated two independent sets of data which were not included in the 

model: population fluctuations through time as well as the spatial distribution of 

sites. Although in theory one could argue that, again, it may be possible to 

construct a model that fits the data even more closely, the probability of that 

happening (especially when one considers that the model was built in an 

informed way) decreases significantly (Grimm 2005).  

Although the inherent uncertainty of all scientific models is widely recognised, 

the process of producing new hypotheses and testing their validity against the 

available data using simulation techniques is a standard approach across most 

scientific disciplines. There is therefore a strong notion of using simulation as a 

heuristic tool, which allows researchers to improve their models and ‘validate’ 

them against the continuous stream of new data and changing academic 

consensus (Oreskes et al. 1994; Ahrweiler and Gilbert 2005; Windrum et al. 

2007). In most cases the real value of a simulation study depends on a subjective 

answer to the question: was the model useful? The answer is ‘yes’ if the model 

told us something new, challenged some deeply entrenched assumptions, 

showed surprising implications of a conceptual model, suggested a new way of 

approaching a research question or highlighted gaps in our knowledge. 

In the archaeological case studies of ancient dispersals, the most common 

validation method is to compare the simulation results against the first arrival 

dates derived from archaeological data (e.g., Baggaley et al. 2012; Scherjon 

2013), although replication of ‘stylised facts’ was also used (Mithen and Reed 
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2002; Nikita and Nikitas 2005). In other cases, simulations investigated abstract 

mechanisms behind dispersals and therefore did not need to be validated against 

real world data sets. For example, the model by Wren et al. (2014) explored the 

evolutionary dependency between a specific cognitive ability of early hominins 

(spatial foresight) and their propensity to migrate. In a similar vein, Young 

(2002), tested different types of movement in an abstract space, concluding that 

even very simple behaviours of the simulated populations can results in large-

scale spatial patterns indistinguishable from the ones we observe in the 

archaeological record.  

3.10 Feeding back into the discipline 

After the results produced by a simulation are identified, checked and 

understood, it is common to share these findings with other researchers. 

Although the dissemination usually happens in a standardised form by presenting 

and publishing research papers, authors of simulation studies expect and hope 

that their simulations will be discussed by two very different sets of researchers: 

the domain specialists and the modellers. The goals of their publications are 

therefore also twofold: to inform the interested archaeologists of the findings of 

their research and to facilitate replication and reuse of the model.  

To enable critical assessments and replication, modellers follow three standards: 

providing a detailed description of the model, following standardised protocols, 

and making the code freely available for peer review. First, the published model 

description often contains technical details, comprehensive explanations of the 

algorithms, and discussions of the decisions taken during model development. 

These technical descriptions may be off-putting to non-modellers, but they are 

necessary to fully understand the scope of the model and its possible 

weaknesses. Second, many models use a standardised protocol for model 

description, for example the ODD (Overview, Design Concepts, and Details) for 

ABMs (Grimm et al. 2006; 2010). It allows researchers to describe their models 

using the same categories, thus facilitating the comparison between models and 

guiding readers through not only the technical details of the simulation but also 

the intentions of the authors. The ODD format has been commonly used to 

describe archaeological ABMs (e.g., Callegari et al. 2013; Scherjon 2013; Davies 

and Bickler 2015). Finally, to ensure reproducibility, modellers are urged to give 

full access to the source code of their simulations (Ince et al. 2012; Collberg et al. 

2014) and are encouraged to have the code peer-reviewed and placed in online 

code repositories. There are a number of such model libraries, for example the 
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CoMSES library (OpenABM 2014, e.g., Wren 2014) and GitHub (GitHub 2014). 

Models deposited in such libraries often use specific licenses that are explicitly 

designed for sharing the source code (e.g., the GNU General Public License). 

Thanks to these measures, replication studies as well as repurposing and reuse 

of existing models are becoming more commonplace. 

3.11 Returning to any of the points 1-9  

Simulation models differ from many conceptual hypotheses in their narrow focus 

on one, or a few aspects of the complex system they study. Although all 

modellers hope that their models are an accurate approximation of the past 

reality, they also recognise that they give only selective insight into particular 

aspects of the studied system rather than solving the 'whole problem'. Similarly, a 

published simulation model is never considered the ‘final word’ but rather a 

virtual experiment within well-defined limits of specific ontology and the range of 

the tested parameter values. Therefore, the simulation model building enterprise 

is iterative in nature as there are always more factors that can be included and 

different parameter values that can be tested. Debugging, testing and discarding 

individual factors, whole segments and even full models are all steps in the 

cumulative process of gaining knowledge. However, each new iteration does not 

replace the previous versions of the model but builds upon them, reflecting a 

gradual progress towards a better, more accurate and more secure 

understanding of past systems (Figure 3.4)(Neiman 1995; David 2013; Norling et 

al. 2013). Thus, the final step in the model development cycle is almost always a 

return to any of the steps 1 to 9 (Sterman 2000). 

A good example of this process is offered by the ‘SteppingOut’ model (Mithen 

and Reed 2002), the first published simulation of the early hominin Out of Africa 

dispersal. After the publication of the initial implementation in 2002, the model 

was challenged by another study (Nikitas and Nikita 2005). Subsequently they 

enhanced their simulation with a better quality environmental data layer (Hughes 

et al. 2007) and further expanded and used it to test a number of hypotheses 

(Hughes and Smith 2008; Hughes et al. 2008; Smith et al. 2009). 
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Figure 3-4 An overview of the development and refinement of models, 

illustrating the iterative nature of the process.  

  The conceptual model expressed in natural language is 

formalised and translated into algorithms and then computer 

code which, after parameterisation with available data, produces 

results. These results are subsequently used to improve and 

refine the original model.   

3.12 Discussion and Conclusions 

In this chapter I have described the process of developing an archaeological 

simulation and illustrated it using examples of models of past human dispersals. 

The range of simulation studies mentioned in the text shows that simulation is a 

mature, versatile scientific tool, which can be successfully used to infer causal 

mechanisms behind patterns observed in empirical data. However, as shown in 

multiple examples its application is not a straightforward process, instead it 

requires creativity, academic rigour and a high level of peer scrutiny. In some 

way, the late adoption of simulation techniques in archaeology is a fortunate 

delay, as many of the lessons learnt in other disciplines in the last two decades 

and the resulting guidelines to best practice are available to researchers 

interested in simulations. However, some of the issues related to the 

particularities of archaeology remain. In the final few paragraphs I will briefly 
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discuss the few areas in which more discussion between domain specialists and 

modellers could benefit both communities.  

It is likely that archaeological models will become increasingly complex in the 

pursuit of more realistic representations of the complexities of past systems (see 

Chwif and Paul 2000), but equally there will always be space for elegant, abstract 

models illustrating how simple relationships may lead to complex patterns. In 

both cases there is scope for a wider debate between modellers and domain 

specialists on such issues as: what topics to simulate, what do should be the 

fundamental building blocks of archaeological simulations, where to derive 

parameter proxies from or how to validate models using archaeological data. 

Currently, most simulation studies concentrate on explaining population-level 

patterns or testing the feasibility of archaeologically attested events. Although 

the archaeological interest is often focused on individuals or groups, only a few 

models (e.g., Wren et al. 2014) work on this level, as a result not addressing the 

most topical archaeological questions (Moncel 2010), for example, what incite 

people to disperse? Which factors enable dispersal into new habitats? Or what are 

the characteristics of those who moved and those who stayed? Equally, the 

attempts to validate the model results with archaeological data have been limited 

so far, likely due to the complexity of the processes involved in the creation of 

the archaeological record, not encountered by researchers in other disciplines. 

However, regardless of its difficulty this issue needs to be addressed if simulation 

is to become a more common tool in archaeology.  

As the number of voices advocating a wider use of simulation techniques in 

archaeology increases, there is also a growing awareness among archaeologists 

not using modelling techniques that the currently common analytical and 

theoretical methods simply cannot deal with the complexity of non-linear and 

multiscalar past interactions (Van der Leeuw 2004; Premo 2010; Barceló 2012; 

Barton 2014). This is also true for the study of human dispersals – a process 

comprising a multitude of factors, from local and global environmental conditions 

to social interactions between individuals and groups. Simulation techniques 

provide a method to tackle the challenge of understanding such past 

complexities and a tool for combining different sources of evidence 

(archaeological, environmental, genetic records etc.) into one coherent 

framework. 

However, the main advantage of formal methods including simulation is that they 

allow us to build our understanding in an explicit and cumulative manner. Instead 

of being swamped with different explanations, scenarios and theories about the 
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past, whose strength depends on one’s personal beliefs and intuitions, it gives 

the community a tool to build an increasingly stronger framework where new 

ideas are thoroughly tested before they are incorporated while new data is used 

in the continuous process of validation (Neiman 1995; Barceló 2012; Barton 

2014). The iterative nature of the modelling cycle constitutes part of a larger 

scientific process of increasing confidence in the models of the past (Figure 3.5). 

Formalising the conceptual models pushes them above a higher certainty 

threshold, where entities and the rules governing their behaviours are well 

defined and can be examined and discussed in detail by the research community 

with a much higher degree of clarity and transparency. The next step, a 

simulation, allows us to test whether the model is logically coherent and plausible 

as well as conforming to the existing evidence. It is not the final step though, as 

it is only by replicating simulation studies, constructing libraries of tested models 

and reusing them, and continuously challenging the models with new data and 

new hypotheses that a high level of certainty can be obtained (David 2013). Given 

the current hype around simulation models in archaeology (Lake 2014), and the 

relative scarcity of replication studies, we may expect a turbulent but necessary 

period of questioning the existing models to follow soon. However frustrating, 

finding out that a model is wrong is a useful exercise. Paraphrasing Carl Sagan 

(1990, 33:20), “there are many models in science, which are wrong. That iss 

perfectly alright: it is the aperture to finding out what is right”.  

The potential of the technique in becoming the ‘epistemological engine of our 

time’ (Küppers et al. 2006) is high as simulation provides archaeologists with a 

much needed ‘virtual lab’ or ‘tool to think with’ for testing their ideas, even the 

seemingly implausible ones, and combining the swathes of data with conceptual 

models in a critical way. However, the specific theoretical implications of the 

epistemology of simulation modelling in archaeology (cf. Frank and Troitzsch 

2005; Chattoe-Brown 2013; Tolk et al. 2013) still need to be thoroughly 

discussed within the discipline. It is only when simulation enters the mainstream 

of archaeological practice and university curricula that the full potential of the 

technique can be realised and better adapted to the specifics of our discipline. 
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Figure 3-5 A schematic depiction of different confidence thresholds.  

  Conceptual models expressed in natural language are the least 

secure. Formalising them allows one to identify all the 

assumptions and provide more transparency. Thanks to 

simulation they can be tested and validated against empirical 

data. However, the highest level of certainty is attainable only 

through repeated replication and testing against new data and 

new hypotheses.  
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Summary 

 

It has been proposed that a strong relationship exists between the population 

size and density of Pleistocene hominins and their competence in making stone 

tools. The focus here is on the first ‘Out of Africa’ dispersal, 1.8 Ma ago, and the 

idea that it might have featured lower population density and the fragmentation 

of hominin groups in areas furthest away from the point of origin. As a result, 

these distant populations in Central and East Asia and Europe would not be able 

to sustain sophisticated technological knowledge and reverted to a pattern of 

simpler stone-knapping techniques. This process could have led to the 

establishment of the ‘Movius Line’ and other long-lasting continental-scale 

patterns in the spatial distribution of Lower Palaeolithic stone technology. 

This simulation was developed to evaluate if, and under what conditions, the 

early ‘Out of Africa’ dispersal could lead to such a demographic pattern. The 

model comprises a dynamic environmental reconstruction of Old World 

vegetation in the timeframe 2.5-0.25 Ma coupled with a standard biological 

model of population growth and dispersal. The spatial distribution of population 

density is recorded over the course of the simulation. I demonstrate that, under a 

wide sweep of both environmental and behavioural parameter values, and across 

a range of scenarios that vary the role of disease and the availability of alternative 

crossing points between Africa, Europe and Asia, the demographic consequence 

of dispersal is not a gradual attenuation of the population size away from the 

point of origin but a pattern of ecologically driven local variation in population 

density. The methodology presented opens a new route to understand the 

phenomenon of the Movius Line and other large-scale spatio-temporal patterns in 

the archaeological record and provides a new insight into the debate on the 

relationship between demographics and cultural complexity. This study also 

highlights the potential of simulation studies for testing complex conceptual 

models and the importance of building reference frameworks based on known 

proxies in order to achieve more rigorous model development in Palaeolithic 

archaeology and beyond. 
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4.1 Introduction 

Recently, there has been a sharp increase in the number of archaeological models 

using population dynamics to explain patterns in archaeological data such as 

complexity of toolkits, technological stasis and ‘innovation revolutions’ or 

stylistic variability within and between assemblages (Neiman 1995; Shennan 

2000; 2001; Henrich 2004; Kline and Boyd 2010; Andersson 2011; Premo 2012; 

Vaessen 2012; Andersson and Read 2014; Querbes et al. 2014; Peña and Nöldeke 

2016).  

Formal mathematical models show that population size can impact on a group’s 

cultural repertoire due to random drift (Neiman 1995; Shennan 2000; 2001) and 

variability in cultural transmission (Henrich 2004). These models propose that 

larger groups tend to have a higher number of individuals with any given trait, 

and hence they are less likely than smaller groups to lose their genetic and 

cultural diversity due to random sampling (Shennan 2001). Second, passing 

sophisticated technology from one generation to the next follows a distribution in 

which most of the learners perform worse than the teacher but the general 

tendency for informational/cultural deterioration can be counteracted by 

occasional events, such as perfect replication or innovation associated with 

exceptional individuals. The larger the group, the higher the rate of such events 

or individuals, hence maintaining sophisticated technology is easier to achieve 

(Henrich 2004). Conversely, if the population size (defined as the number of 

individuals involved in cultural transmission) and population density, occasionally 

termed together as ‘social interconnectedness’, are not high enough this may 

lead to a loss of knowledge and skill in the group. A number of additional factors 

and processes may influence the rate of cultural transmission and innovation, 

such as the cultural hitchhiking of neutral traits, the cost of retaining cultural 

complexity in the long term or the mechanisms eliminating errors in 

transmission, and their relative importance has been modelled and discussed by 

a number of authors (e.g., Andersson 2011; Mesoudi 2011; Premo 2012) 

Although the models are, for the most part, rigorously developed using formal 

methods, their validity within the archaeological context depends on correct 

estimates of population size, density and interconnectedness. In some cases, 

when a written record is available one can make reliable estimates easily (Henrich 

2004). For more distant time periods demographic proxies (Davies et al. 2015; 

Shennan 2001) or genetic estimates have been used (Powell et al. 2009). Going 

even deeper into the past, prior to the Upper Pleistocene these proxies are 
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unavailable, and population size must be estimated on the basis of more general 

processes and factors impacting population dynamics on the large scale (Davies 

et al. 2015). 

Such estimates may be derived from general ecological principles of population 

dynamics, such as the total carrying capacity of a given environment. Equally, 

other physical, social and environmental processes are likely to exert significant 

influence on population dynamics at the scales relevant to the study of 

Pleistocene hominins. One such large-scale process, which has been proposed as 

a potential driver of demographic trends at a species-level, is dispersal (e.g., 

Lycett and Cramon-Taubadel 2008; Smith et al. 2009; Shea 2010; Lahr 2010; 

Lycett and Bae 2010; Lycett and Norton 2010; Groucutt and Petraglia 2012; 

Huguet et al. 2013).  

The aim of this study is to evaluate if and under what conditions dispersal had a 

significant impact on population densities of Pleistocene hominins using the case 

study of the first ‘out of Africa’ dispersal. The null model investigated here 

proposes that dispersal leads to a decrease in the population size and density 

proportionally to the distance from the point of origin. That is, we expect to see a 

gradient-like thinning of the population along the dispersal path. In addition, two 

alternative scenarios were tested. In addition, alternative scenarios were tested 

with different exit points out of Africa (Gibraltar, Mandeb and Hormuz Straits) and 

the possibility of disease alleviation beyond the tropical belt. 

 A number of conceptual models linking dispersal to a drop in population size 

and density have been proposed before (Bar-Yosef et al. 2012; Shea 2010; Lycett 

and Bae 2010; Lycett and Norton 2010), but, to the best of the author’s 

knowledge, the relationship between these two phenomena has never been 

formally tested in the context of Pleistocene hominin groups (cf. Hazelwood and 

Steele 2004; Smith et al. 2009). Equally, previous models of early Pleistocene 

dispersals (e.g., Mithen and Reed 2002; Smith et al. 2009; Wren et al. 2014) 

focused on aspects of the dispersal process other than population dynamics.  

The null model provides a data prediction specific to the case study. If in areas 

further away from the East African origins of the first hominin dispersal two 

million years ago the hominin population was fragmented into smaller (lower 

population size) and more dispersed (lower population density) groups, it is 

conceivable that the associated weakening of the cultural transmission processes 

could have led to significant losses in cultural repertoire and to the inability of 

groups to maintain more sophisticated technology. The result of such 
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mechanisms  would be visible in the archaeological record as a regression from 

the more sophisticated tool making behaviour requiring a high level of cultural 

transmission observed near the dispersal origin to a simpler knapping strategy 

observed further from the original home-range of hominins. 

An example of such a pattern is the observed spatial distribution of Mode 1 and 

Mode 2 assemblages during the Lower Pleistocene known as the ‘Movius Line’ 

(Figure 4.1). Although, there is increasingly strong evidence (Zhang et al. 2010; Li 

et al. 2012; Wei et al. 2015) for rare occurrences of Mode 2 toolkits on the 

‘wrong’ side of the Movius Line (and vice versa), the general pattern of Mode 2 

assemblages being disproportionately more frequent south and west of the 

Movius Line remains strong. 

 

Figure 4-1 The extent of the Movius Line in the Lower and Middle 

Pleistocene.  

	 	 The background map: naturalearthdata.com.	

The value of using population dynamics to interpret patterns in the Palaeolithic 

record has been questioned (cf. Collard et al. 2000; 2005; 2013a; 2013b; Derex 

et al. 2013; Muthukrishna et al. 2013; Andersson and Read 2014). However, what 

emerges is an urgent need for a better understanding of what potential 

mechanisms influence population size and density on a large spatio-temporal 

scale in order to establish if the postulated demographic pattern existed in the 

first place (Bar-Yosef et al. 2012). The goal of this study is to examine the causal 

relationship between dispersal - an archaeologically attested large-scale process 
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that affected early hominins - and the population dynamics of the dispersing 

hominin groups. The results, in turn, could be used to inform future models that 

use population dynamics to model different aspects of hominin lives, and allow 

them to relate to the archaeological record in a more meaningful way or with a 

higher degree of certainty.  

 

4.2 Modelling Large Scale Ancient Human Dispersals 

The demographic disparity between regions separated by the Movius Line is 

proposed on the basis of an assumption that East Africa was the starting point of 

the dispersal and a hypothesis that dispersal caused a gradual thinning of the 

population away from the East African point of origin towards Europe and East 

Asia.  

The aim of this study is to provide a quantitative assessment of this null model 

by means of computational modelling. I simulate the first ‘Out of Africa’ 

dispersal, compare population densities in the Mode 1 and Mode 2 regions 

throughout the simulated period of time, and evaluate whether or not the 

proposed demographic disparity marked by the Movius Line is plausible and, if 

so, what possible mechanisms could be driving it.   

Computational modelling (simulation) is an increasingly important approach in 

archaeology to the challenges of researching complex systems, that is systems in 

which numerous individual parts interact with each other in a non-linear way, 

producing aggregated behaviour that cannot be easily predicted solely on the 

basis of their individual characteristics (Mitchell 2009, pp.12-4; Barton 2014). As 

described in chapter 3. Methodology a number of simulation techniques have 

been used before to investigate various aspects of human mobility patterns and 

different ancient dispersals (overview in: Romanowska 2015a), including 

equation-based modelling (e.g., Steele et al. 1998; Steele 2009; Fort 2012), 

cellular automata (e.g., Mithen and Reed 2002; Nikitas and Nikita 2005) and 

agent-based modelling (e.g., Wren et al. 2014; Scherjon 2013) or a combination 

of the above (e.g., Young 2002; Callegari et al. 2013). The model presented here 

shares a number of features with all of the three most commonly used 

approaches - cellular automata, equation-based modelling and individual-based 

modelling.  

Computational modelling enables dynamical systems to be represented and 

explored in a formal way that addresses some of the complexity of the studied 
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phenomena. It can overcome many of the limitations of traditional conceptual, 

descriptive methods and bypass some of the intrinsic biases of the archaeological 

data. For example, simulation can be used as a theory building tool, in a form of 

a ‘virtual lab’ to test conceptual models and to recognise their implications, in 

particular those that would have left traces in the empirical record (Di Paolo et al. 

2000; Epstein 2006; Premo 2006). Equally, this method helps to tackle the 

complexity of the system by testing the consequences of the, often non-linear, 

interplay between the system entities and the postulated rules guiding their 

relationships, therefore, enabling researchers to move beyond simple intuitive 

models. Finally, even the formalisation of a hypothesis, which is necessary before 

it can be coded into a simulation, helps to identify in a formal way key entities 

and relationships in the system, and opens the door for better structured 

discussion and the application of other quantitative methods. A computer model 

can be constructed to test any proposed mechanism, e.g., dispersal causing 

gradual attenuation of the population away from the point of origin.  

One of the common procedures in computational modelling is to build a simple 

abstract model developed ‘from first principles’ in order to construct a theoretical 

framework combining proxy data with information coming from, e.g., the 

archaeological record. The aim of this method is to test if the assumptions we 

hold about how the system works are correct and to identify irregularities in the 

data. The simulation produces a ‘benchmark’ of what we expect the empirical 

data to look like given our theoretical assumptions regarding the system. If those 

two do not match, it indicates that either our understanding of the system is 

incorrect or the data we compared the simulation to is not representative of the 

real phenomenon in question. This benchmark can be further used to evaluate 

(but not empirically test) archaeological hypotheses. Here I applied the standard 

biological models of population growth and dispersal that are used to represent 

population dynamics of all animal species including humans (Snider and Brimlow 

2013).  

Although in theory all combinations of parameter values could be tested, in 

practice models are often parameterised using ranges of values derived from 

empirical data. If these are unavailable, proxy data is commonly used. Data 

coming, for example, from research on modern hunter-gatherers, although often 

described as too complex to be meaningfully translated into archaeological 

studies (e.g., Kelly 2013), is often used to structure archaeological discourse 

about the Palaeolithic. Humans in the present are still a better approximation for 

humans in the past (and their ancestors) than any other living species. Therefore I 
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used aggregate data from a large sample of modern hunter-gatherers (Binford 

2001) to give us an idea of the range of human variability as well as its lower and 

upper boundaries. These values were then transformed into model parameters.  

Although computational modelling has its own limitations and misapplications, it 

is currently one of the best methods available for investigating the way in which 

low-level interactions give rise to population-level, global patterns in complex 

systems, of which past human societies are undoubtedly an example. As such, it 

has an enormous potential for disciplines such as archaeology, which strive to 

uncover and understand such mechanisms but must rely on non-systematic and 

incomplete data. This study illustrates how simulation techniques drawn from 

complexity science can help to move archaeological research beyond intuitive, 

descriptive models.  

4.3 Description of the Model 

The simulation involves two main model entities: i) a spatially distributed 

population of hominin groups that grow through reproduction and disperse 

across a grid representing the globe, and ii) a sequence of friction maps 

representing the changing environment within which the hominins are 

distributed. The model is initialised with hominins concentrated in a small area in 

East Africa and an initial friction map representing the environmental biomes of 

each cell in the grid. The model then runs for 2250 steps representing the time 

span between 2.5-0.25 Mya. At each step, and for each cell in the grid, the 

hominin population is updated as a result of growth and dispersal, both of which 

are influenced by the environmental character of the cell. Every 10 steps, the 

friction map is updated to reflect environmental change. At each time step, a 

proportion of each cell’s population (dependent on that cell’s biome) will spread 

from its initial location in random directions. As a result, hominins will more 

readily spread through areas that are more favourable to them. The detail of the 

particular spatio-temporal pattern of dispersal that arises is determined by model 

parameters governing the growth rates, dispersal rates, and carrying capacities 

associated with different biomes. The full description of the model is given 

below. For more details see the Appendix C. Code and Pseudocode.  

4.3.1 The environment 

The null model proposes that hominin population dynamics are primarily driven 

by biogeographic factors: ecological conditions and topographic barriers (Binford 

2001, p.151; Mithen and Reed 2002; Holmes 2007). Therefore, a sequence of 
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global friction maps representing the dynamically changing environment 

throughout one glacial-interglacial cycle (Bridge 2014) was mapped onto the 

temperature curve of the Lower and Middle Pleistocene (Bintanja and van de Val 

2008). The maps incorporate: i) changes in the shape of continents, driven by sea 

level fluctuations, and ii) changes in the extent and distribution of different 

ecological conditions, represented by eight different biomes that provide the 

ecological context for hominin growth and dispersal (tropical, warm temperate, 

equatorial, sub-tropical, desert, cold temperate, boreal, polar; plus a ninth 

category representing inaccessible bodies of water or ice). Since there is a high 

level of uncertainty associated with environmental reconstructions derived from 

GCMs (Global Circulation Models), I conducted a series of tests, which determined 

that this environmental reconstruction of the Pleistocene glacial cycles did not 

have significant impact on the general implications of the results reported here. 

4.3.2 The Environmental Data 

The maps showing a reconstruction of global vegetation zones (biomes) in one 

thousand years snapshots from modern age to 21kya were obtained from the 

BRIDGE website (http://www.bridge.bris.ac.uk, accessed 18/09/2014). Although, 

these do not relate directly to the time period relevant to the current study (2.5 – 

0.25 Mya), they are the best global approximation of the glacial and interglacial 

conditions currently available in the public domain. The shortcomings of using 

simulated environments as well as the use of vegetation as the primary 

environmental and climatic proxy are recognised by the authors. To assess the 

impact of the underlying friction map on the robustness of results, a set of 

simulation runs was performed using a reversed sequence (starting at time 0 

instead of 2.5Mya). The results were indistinguishable from the ones reported in 

the results section indicating that the dynamics revealed in the simulation are not 

sensitive to the ordering of the underlying environmental layer. The surprising 

lack of sensitivity of the simulation to the changes in the environmental map is 

related to the spatio-temporal scale of the model. Glacial-interglacial fluctuations 

affect only a small proportion of all environmental cells triggering small shifts of 

biome ranges in the north-south direction. However, this pattern highlights the 

need for better environmental reconstructions of the areas more sensitive to 

climate fluctuations, such as the Sahara (see below for how the uncertainty 

related to the desert biome was offset by a particular choice of parameter values). 

The data files were prepared in the following steps. First, the cell sizes were 

rescaled from 3.75°x2.5° rectangles into 0.5°x0.5° squares and cropped to the 
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extent of the Old World (Europe, Africa and Asia). This resulted in a grid of 265 

by 435 cells. Due to the curvature of the Earth using degrees as units means that 

the real-world size of the cells varies depending on their distance from the 

equator. There is no easy solution (see, for example, the complex geometry in 

Mithen and Reed 2002; triangular mesh in Callegari et al. 2013) to this common 

problem but the bias was deemed negligible for two reasons. First, the simulation 

is primarily concerned with areas relatively close to the Equator (see the profile 

line Figure 4.2), where the bias is at its lowest and, second a corrective scaling of 

the carrying capacity and population growth parameter values in cells further 

away from the equator would result in values well within the ranges of values 

already tested. 

Second, the data files had to be reclassified from the Biome4 standard into the 

Binford’s (2001) framework used to parameterise the simulation (Table 4.1). Each 

cell belongs to one of nine vegetation types (equatorial, tropical subtropical, 

desert, cold and warm temperate, boreal, polar or water/ice), each of which has 

associated parameter values for population growth rate, diffusion rate and 

carrying capacity (for more detail on the parameterisation see the next section). 

 The 21 resulting maps depicting the glacial-interglacial cycle were subsequently 

mapped every ten steps (i.e., 10ka) onto the sea level curve (Bintanja and van de 

Val 2008). The sea level is strongly correlated with the temperature curve more 

commonly used as a climate proxy but thanks to its finer granularity it provides a 

more detailed reference to global climatic changes. To illustrate the mapping 

process, the sea level curve reading for 500kya is -39.706m, hence the map 

depicting the conditions at 11kya was used as it represents the closest sea level 

value of -36.736m (see the online version of the Appendix C. Code and 

Pseudocode for the sequence of maps used).   
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Key GLM vegetation types Bin. 
Key 

Binford 
environment 

type 

Model 
classification 

1  Tropical rainforest 

6 Tropical 6 

2  Monsoon or dry forest 

3  Tropical woodland 

10  Montane tropical forest 

12  Semi-arid temperate woodland or scrub 

4 
Warm 

temperate 
4 

18  Forest steppe 

23  Temperate steppe grassland (Americas only) 

17  Temperate semi-desert (S America only) 

19  Montane Mosaic (S America only) 

8  Savanna 
7 Equatorial 7 

6  Tropical grassland 

4  Tropical thorn scrub and scrub woodland 

5 Sub-tropical 5 5  Tropical semi-desert 

22  Dry steppe 

16  Temperate desert 
- Desert 8 

7  Tropical extreme desert 

9  Broadleaved temperate evergreen forest 

3 
Cold 

temperate 
3 14  Steppe-tundra 

21  Subalpine parkland (N America only) 

11  Open boreal woodlands 2 Boreal 2 
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24  Main Taiga (N America only) 
1 Polar 1 

13  Tundra 

20  Alpine tundra (N America only) 

- - 9 

15  Polar and alpine desert 

26  Ice sheet and other perman. ice 

25  Lakes and open water 

Table 4-1 Vegetation data sources after Binford (2001), Table 4.02, p. 70 and 

p. 440-441. 

4.3.3 Growth and dispersal  

The size of the hominin population at grid cell i is represented by P
i 
≥ 0. At each 

time step, for each cell i with biome b, the population P
i
 is updated by two 

processes: i) growth and ii) dispersal. Growth is determined by a biome-specific 

growth rate r
b
, and is proportional to population size. It is capped by the carrying 

capacity of the cell, K
b
, which is also specific to the cell’s current biome. Dispersal 

is achieved via simple diffusion, with a biome-specific proportion, D
b
, of the 

population in each cell being allocated equally between the subset of 

neighbouring cells (i.e., cells in the von Neumann neighbourhood: North, South, 

East, or West) that are available for dispersal, (i.e., cells that are not Water/Ice).  

4.3.4 The Dispersal Algorithm 

Where !! and !!! denote the size of the hominin population in cell i before and 

after dispersal, respectively, 

P!! = (1 − D!)P! +
!!!!
|!!|

!!
!   (eq. 1) 

Here, D
i
 is the current hominin diffusion rate from cell i (which is dependent on 

the cell’s current biome), and N
i
 is the set containing each neighbour, j, of cell i 

to which the hominin population may legally disperse, i.e., cells immediately to 

North, South, East, or West of cell i that are not Water/Ice. Note that the dispersal 

is non-directional, that is, no assumption is made regarding hominin preference 

towards any one direction of movement (Hazelwood and Steele 2004; Steele 

2009). Therefore, the differentiation in the shape of the dispersal front and the 

variation in dispersal speed result from different values of the diffusion rate 
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parameter associated with different biomes. This leads populations to spread 

quickly through ‘easy’ territory and sample the edges of less familiar biomes that 

such territory borders, and to penetrate into those more ‘difficult’ biome 

territories at a slower rate. In addition, a null scenario has been run with all 

environmental zones removed to provide a benchmark for all subsequent 

experiments (See Appendix D. Development notes).  

4.3.5 The Growth Algorithm 

Where !!! and !!!! denote the size of the hominin population in cell i with biome b 

before and after growth, respectively, 

P!!! =  P!! + r! P!!(1 −
!!!
!!
)  (eq.2) 

Here, r
b
 is the hominin growth rate for a cell with biome b,

 
and K

b
 is the carrying 

capacity of a cell with biome b. Note that the biome of a cell may change over 

time. Note also that the model addresses the spatio-temporal dynamics of census 

population size rather than effective population size. This is adequate as a way of 

exploring how hominin population density varies in space and time, which is the 

focus of the current study, since it places bounds on the spatial distribution of 

hominin population during dispersal. Extending the model to deal explicitly with 

cultural transmission would require treatment of the relationship between census 

population size and effective population size, which is complex, and may also 

vary in space and time as a consequence of factors that are not modelled here, 

such as changes in sex ratio, age structure, social structure, and fluctuation in 

group size. 

In the two additional scenarios (the disease scenario and the straits scenario) the 

nonlinear term was removed in order to speed the simulation, therefore, 

simplifying the function to: 

P!!! = P!! +  r! P!!   for  P!!! < K!  (eq. 3) 

This changes removes the transitional phase between the exponential growth and 

the carrying capacity plateau of the population growth curve, which in the current 

model setup is to large extent offset by the migrants incoming from 

neighbouring cells anyway. Tests showed that this change produces qualitatively 

similar results with significant gains in the speed of the simulation. 

In an additional set of runs, a threshold was imposed on the minimum viable size 

of a dispersing group such that the population dispersing from one cell to 

another had to be at least one unit in size in order for dispersal to take place. 

This was to avoid a situation in which groups dispersing into unoccupied cells 
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resulted in cells with infinitesimally small populations. An alternative 

implementation was also tested in which the size of dispersing groups was 

rounded to the nearest integer. These model variants produced qualitatively 

similar results. 

4.3.6 Parameterisation 

The parameter values used in this study derive from an aggregation of data on 

over 250 modern hunter-gatherer groups collated by Binford (2001). These values 

are integrated into the friction map, which combines a number of demographic 

parameters: the suitability of each biome for hominin occupation (carrying 

capacity and population growth rates) and the level of hominin adaptation to a 

given environment (diffusion rate). 

Population Growth 

The parameters representing Palaeolithic population growth cited in the literature 

are based on the estimated changes in the population size over the last 2.5Ma 

(Hassan 1975). These population growth rates, therefore, do not represent the 

average growth rate of a population dispersing into an uninhabited land, but 

rather the long-term increase in carrying capacity of hominin groups thanks to 

cultural innovations, extension of the social niche, development of cognitive 

capabilities, etc. As a result, they should be treated as severe underestimates. As 

such, they provide a useful lower bound on the value of the population growth 

rate range tested in the simulation. 

The alternative is to use modern hunter-gatherer data. Although the maximum 

potential hunter-gatherer growth rate has been estimated at 2.7% (Hassan 1975), 

this rate is never achieved due to the application of cultural means to reduce the 

birth rate including birth control methods and infanticide. As such, more 

conservative values were used here. As for the Palaeolithic estimates, they 

represent the change in population size over long time periods (Table 4.2). Both 

sets of values were applied to different environmental zones following the 

division in Binford (2001) (Table 4.3). Finally, the population growth estimates are 

reported per year, i.e., the same temporal scale used to simulate population 

growth. 
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  Population Growth 

Estimated minimum rate for the Palaeolithic (PAL) 0.001% 

Estimated maximum rate for the Palaeolithic (PAL) 0.003% 

Estimated average rate for hunter-gatherer groups (HG) 0.1% 

Optimal rate for hunter-gatherer groups (HG) 0.2% 

Max. potential rate hunter-gatherers (not used in the 
simulation) 

2.7% 

Table 4-2 Estimates of the population growth in the Palaeolithic and among 

hunter gatherers, after Hassan 1975. 

 

 Climate habitat Population 
Growth 

Effective 
Temperature 

PAL 
Estimates 

HG Estimates 

1 Polar Low <10 0.001% 0.1% 

2 Boreal 10.1 – 12.5 0.001% 0.1% 

3 Cold temperate Optimal 12.6-14.6 0.003% 0.2% 

4 Warm temperate 14.7-16.6 0.003% 0.2% 

5 Sub-tropical 16.7-18.2 0.003% 0.2% 

6 Tropical Low 18.3 – 22.6 0.001% 0.1% 

7 Equatorial >22.6 0.001% 0.1% 

Table 4-3 Estimates of the population growth for each biome. 

After Binford (2001), Table 4.02, p. 70 and pp. 440-441 and Hassan (1975). Pal 

- Palaeolithic, HG – hunter gatherer. 

 

Carrying capacity 

It was assumed that the population density of modern hunter-gatherers is a result 

of their optimal or at least, in the spirit of Herbert Simon (1956), ‘satisficing’ 

adaptation to the environment in which the group lives and, therefore, it can be 

treated as a proxy for the relative carrying capacity of said group. Carrying 

capacity is understood here as the maximum number of individuals that can 

survive in a given environment thanks to their specific adaptations. The 

aggregated hunter-gatherer values were recalculated into the units of the 

simulation, i.e., from number of persons per 100 km2 to number of groups per 
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grid cell (50x50 km) of the friction map. Assuming division of labour and an 

average dependency ratio equal to that of modern hunter-gatherers (number of 

dependants such as children per member of the group) of 1.75, the minimum 

number of persons in a fully functional group is between 17.5 and 20.47 (Binford 

2001, p.234). The latter value was used.  

Following Binford’s framework, the tested population density range depends on 

two factors: i) the mobility of the group, and ii) their subsistence type (Table 4.4 

and 4.5, adapted from Binford 2001, pp.213-214). Since the evidence for Lower 

and Middle Pleistocene subsistence strategy and mobility patterns is not 

unequivocal (Bunn and Guntov 2014; Foley 2001; Roebroeks 2001) all possible 

scenarios were tested: i) diet based on terrestrial animals; ii) diet based on 

terrestrial plants; iii) mobile settlements; iv) stable settlements. 

 

 Carrying Capacity 
Minimum ---------------------------------------------------------------> Maximum 

 Diet Terrestrial animals Terrestrial plants 

Mobility Mobile Settlement Stable Settlement 

Polar 2.9±3.8 - - 

Boreal 1.9±1.6 4.4±4.4 22.9 

Cold temperate 5.3±4.3 3.8±15.2 100.3±71.8 

Warm temperate 3.3±0.9 7.6±9.0 37.9±25.6 

Sub-tropical 3.5 10.8±15.6 40.8 

Tropical 8.0±7.5 21.7±21.3 72.90±43.8 

Equatorial - 20.3±12.9 50.8±37.7 

Table 4-4 Population density of modern hunter-gatherers in persons per 100 

km2, after Binford (2001, p.215). 

 

Nevertheless, based on current knowledge of hominin diets (Ungar et al. 2006) 

and their mobility patterns (Egeland 2008; Kolen 1999), it is not unreasonable to 

assume that the ‘terrestrial plants diet, stable settlement’ scenario represents a 

gross overestimate of the relevant carrying capacity as there is very limited 

evidence of long-term residential occupation during the Lower Palaeolithic. 

Similarly the ‘terrestrial animals diet, mobile settlements’ scenario is very likely 

an underestimate, as plant resources are believed to dominate the hominin diet 

during that period. The intermediate scenario, terrestrial plant diet and 
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settlement mobility, represents our best guess regarding Lower Pleistocene 

hominin lifeways. However, all the values presented here are derived from 

modern Homo sapiens groups rather than Pleistocene hominins and as such are 

likely to be overestimated. 

 

  animal av. 
(AA) 

animal max. 
(AM) 

mobile av. 
(MA) 

mobile max. 
(MM) 

stable av. 
(SA) 

  HG 
de
nsi
ty 

Po
pp
er 
cell 

K HG 
de
nsi
ty 

Po
pp
er 
cell 

K HG  
de
nsi
ty 

Po
pp
er 
cell 

K HG 
de
nsi
ty 

Po
pp
er 
cell 

K HG 
de
nsi
ty 

po
pp
er 
cell 

K 

Polar 2.9 72.
5 

3.6
25 

6.7 16
7.5 

8.3
75 

2.9 72.
5 

3.6
25 

6.7 16
7.5 

8.3
75 

6.7 16
7.5 

8.3
75 

Boreal 1.9 47.
5 

2.3
75 

3.5 87.
5 

4.3
75 

4.4 11
0 

5.5 8.8 22
0 

11 22.
9 

57
2.5 

28.
62
5 

Cold 
tempe
rate 

5.3 13
2.5 

6.6
25 

9.6 24
0 

12 3.8 95 4.7
5 

19 47
5 

23.
75 

10
0.3 

25
07.
5 

12
5.3
75 

Warm 
tempe
rate 

3.3 82.
5 

4.1
25 

4.2 10
5 

5.2
5 

7.6 19
0 

9.5 16.
6 

41
5 

20.
75 

37.
9 

94
7.5 

47.
37
5 

Sub-
tropic
al 

3.5 87.
5 

4.3
75 

3.5 87.
5 

4.3
75 

10.
8 

27
0 

13.
5 

26.
4 

66
0 

33 40.
8 

10
20 

51 

Tropic
al 

8 20
0 

10 15.
5 

38
7.5 

19.
37
5 

21.
7 

54
2.5 

27.
12
5 

43 10
75 

53.
75 

72.
9 

18
22.
5 

91.
12
5 

Equat
orial 

20 50
0 

25 33.
2 

83
0 

41.
5 

20.
3 

50
7.5 

25.
37
5 

33.
2 

83
0 

41.
5 

50.
8 

12
70 

63.
5 

Table 4-5  HG density (persons per 100km2) after Binford 2001. 

  Recalculated into the units of the simulation (grid cell = 

50x50km and group = 20 persons) to give the value of carrying 

capacity (K). 

 

Diffusion rates 

Contrary to the other parameters, the diffusion rate had to be based on our 

understanding of hominin adaptations and not on empirically derived proxies. 

Therefore, tropical and subtropical environments, from which the hominins most 

likely originated, were given a high parameter value, which was gradually reduced 
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for biomes towards the polar zone. This follows from the assumption that 

dispersal through environments to which the hominin groups were well adapted 

does not require waiting times associated with changes to their behavioural 

repertoire and should therefore proceed relatively quickly, whereas populations 

that encroach on more challenging territory will not cross it as readily. The only 

exception was the desert zone, which was given a high diffusion rate. Recent 

studies showed the fluctuating nature of this environment with wet phases and 

areas of ‘green Sahara’ (Drake et al. 2011; Foley et al. 2003; Lahr 2010). Such 

unstable conditions were likely to prompt quick dispersal along green corridors. 

More research effort should be invested in trying to establish hominin dispersal 

patterns in different environments and to obtain more empirically derived 

diffusion rates, and I hope this interpretation may stimulate a wider debate within 

the community.   

In general, diffusion rates were set relatively high, because the dispersal process 

is aggregated over time steps of significant length. Also, as the diffusion in the 

simulation setup is uniform in all four directions and hence dispersal in the 

direction of the wave of advance constitutes only a fraction of this value. Table 

4.6 summarises the tested scenarios, while table 4.7 shows the values of each 

tested parameter. 

 

Parameter 
Scen. 

1 
Scen. 

2 
Scen. 

3 
Scen. 

4 
Scen. 

5 
Scen. 

6 
Scen. 

7 
Scen. 

8 
Scen. 

9 
Scen. 

10 

Initial no of 
groups 

160 

Starting 
location 

East Africa 

Population 
growth 

Pal HG Pal HG Pal HG Pal HG Pal HG 

Carrying 
capacity 

MA MA MM MM SA SA AA AA AM AM 

Table 4-6   Summary of the simulated scenarios.  

  Pal – Palaeolithic values, HG – Hunter-Gatherer values; MA – 

Mobile groups Average, MM – Mobile groups Maximum, SA – 

Stable settlement Average, AA – Animal diet Average, AM – 

Animal diet Maximum. 
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  Type Population 
growth 

Carrying capacity Diff.ra
te 

  PAL HG AA AM MA MM SA  

1 Polar 1.0100
5 

2.717 3.625 8.375 3.625 8.375 8.375 10% 

2 Boreal 1.0100
5 

2.717 2.375 4.375 5.5 11 28.625 20% 

3 Cold 
Temp 

1.0304
3 

7.374 6.625 12 4.75 23.75 125.37
5 

30% 

4 Warm 
Temp 

1.0304
3 

7.374 4.125 5.25 9.5 20.75 47.375 40% 

5 Sub-
tropical 

1.0304
3 

7.374 4.375 4.375 13.5 33 51 60% 

6 Tropical 1.0100
5 

2.717 10 19.375 27.125 53.75 91.125 60% 

7 Equatoria
l 

1.0100
5 

2.717 25 41.5 25.375 41.5 63.5 40% 

Additional environmental zones 

8 Desert 1.0 1.0 3.625 8.375 3.625 8.375 8.375 90% 

9 Water 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100% 

Table 4-7 The parameter values used in the simulation runs.  

Pal – Palaeolithic values, HG – Hunter-Gatherer values; MA – Mobile groups 

Average, MM – Mobile groups Maximum, SA – Stable settlement 

Average, AA – Animal diet Average, AM – Animal diet Maximum. 

 

4.4 Results 

The raw output of the model is an array representing the hominin population size 

at each grid cell at each time step. In order to more easily compare results across 

multiple scenarios, a profile of population density (Figure 4.2b) along an 

18,000km long line crossing through Africa and Asia was created (Figure 4.2a).  

The results demonstrate that distance from the point of origin in East Africa is 

not a reliable predictor of population density in any of the tested scenarios (see 

Figures 4.2 and 4.3). Instead, the dominant feature of the population dynamics in 

all scenarios is the fast rate in which the hominin population reaches the carrying 

capacity of occupied cells. This can be evaluated by noting the similarity between 
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the upper plot for any of the six scenarios depicted in Figure 4.2 (showing the 

profile of the carrying capacity along the profile line) and the associated middle 

plot depicting the population size at three points in time. The relationship 

between these two properties is summarised in the bottom plot for each 

scenario, showing what percentage of the overall carrying capacity is accounted 

for by the hominin population at the same three points in time. In general, this 

occupancy value is high, ranging from 50%-100% across low-growth scenarios and 

is close to 100% for high growth scenarios. 

 

Figure 4-2 (Next page) Simulation results – the base scenario.  

  a) The 18,000km long profile line; the starting point 0 is located 

in South Africa, the end point is in South-East Asia. PoO – Point 

of Origin of the dispersal, 4,000km along the profile line. b) 

Graph showing six of the tested scenarios: high or low 

population growth combined with minimum (Animal Diet Av.), 

maximum (Stable Av.) or intermediate (Mobile Av.) carrying 

capacity (for a detailed breakdown of the values see section 

4.3.5. For each scenario, carrying capacity (top), simulated 

population size (middle) and population size as a percentage of 

carrying capacity (bottom) are plotted along the profile line 

(shown in red on the inset map - a). Each plot shows three 

profiles: 2 Mya (green), 1 Mya (red) and 0.5 Mya (blue).  
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Figure 4-3    Chronological map series for each of the six simulated scenarios 

depicted in Fig. 4.2.  Each map shows the distribution of the hominin population, 

with colours indicating the underlying biome and colour intensity reflecting 

population size.   
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This is not a surprising result if one compares it to the standard population 

growth curve (Figure 4.4). Once the population size exceeds the slow initial 

phase, the growth follows an exponential curve (i.e., a phase of fast increase) 

before it reaches the plateau phase as it approaches the carrying capacity ceiling. 

Given the relationship between the growth and dispersal rates, and the spatial 

and temporal scales, in all tested scenarios the hominin population size tends to 

be at or around the carrying capacity ceiling of the environments that they 

occupy.  

 In addition, we can see that the population growth rate has the strongest impact 

on the propagation speed of the dispersal wave, since in all of the higher 

population growth rate (based on observed hunter-gatherer population growth) 

scenarios the Old World is almost entirely populated by 2 Mya (Figures 4.2 and 

4.3, high population growth scenarios represented in the right-hand side 

column). 

The fluctuations in the results, particularly noticeable in scenarios where the 

carrying capacity is close to the bottom of the tested range, are due to the 

dynamic nature of the underlying friction map changing the local conditions 

occasionally, thus forcing the population numbers to very small values. 

Interestingly, the biggest differences can be observed in areas with a particularly 

low carrying capacity – reflecting the time required to rebuild a population from 

very small numbers (i.e., during the initial phase on the population growth curve). 

This is a good example of the complexity and non-linearity in the relationships 

between different factors and the population size. Nonetheless, the pattern of 

population density tracking the carrying capacity ceiling is robust enough that it 

arises in even the most extreme scenarios. 

In fact, in order to force a population distribution that exhibits a gradient such 

that distance from the African dispersal origin is a good predictor of population 

density, the population growth rates had to be set significantly far (orders of 

magnitude removed) from reasonable estimates. For example, when population 

growth rates are reduced proportionately such that they are one hundred times 

lower than in the low growth scenario the population fails to leave Africa and the 

population profile only exhibits the required gradient within a small area at the 

front of the dispersal wave. 
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Figure 4-4 Schematic representation of the null model (the orange graph) in 

which there is a gradient in population size stretching from the 

point of origin of the first dispersal compared to the prediction 

of the standard population dynamics model (shown graphically 

inside the figure) as implemented in this simulation in green.  

4.5 Testing alternatives 

In the conceptual model defined above, in order for the distance from the point 

of origin to play a key role in shaping population density, the wave of dispersal 

needs to have the shape of a very long, gradually declining front where 

population size is kept well below its carrying capacity and a gradient of 

decreasing population density extends from Africa towards the Asian and 

European outskirts (Figure 4.4). In the current simulation even a small initial 

population consistently reached their carrying capacity in a relatively short time 

span. If, therefore, a population gradient from Africa to the Asian and European 

outskirts does not arise as a consequence of basic growth and dispersal: what 

other factors could produce a similar pattern? Although many scenarios can be 

proposed, here we will explore two candidates: the straits scenario and the 

disease scenario. For the following simulation runs a simplified population 

growth algorithm was used (see section 4.3). However, the results remained 
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qualitatively similar. The remainder of the simulation setup is the same as 

described in section 4.3 apart from the alterations described below. 

4.5.1 The straits scenario 

The impact of straits on hominin dispersal has been extensively discussed in the 

past (e.g., Villa 2001; Derricourt 2005). The straits scenario follows these 

descriptive models in investigating the effect that sea crossings could have on 

the overall pattern of dispersal, the ‘bottleneck’ regions and the general 

population dynamics on both sides of the Movius Line. Three scenarios were 

tested. Firstly, all straits (the Gibraltar, the Bab-el-Mandeb and the Hormuz) were 

closed for hominin movement. Secondly, the two most often invoked sea 

crossings, the Gibraltar and the Bab-el-Mandeb straits, were opened for dispersal. 

Finally, the third scenario included an additional opening of the Strait of Hormuz. 

In each of these new scenarios, the straits were permanently bridged by cells 

exhibiting the biome of the adjacent existing land either side of the straits. Each 

of these land bridges amounted to altering a small number of Water cells such 

that they permanently exhibited a traversable biome. 

None of the three tested scenarios managed to replicate a spatial pattern 

exhibiting a gradual decrease of population size away from Africa (Figure 4.5). 

However, they revealed some unanticipated spatial and temporal patterns of the 

dispersal. Surprisingly, the opening of the straits to hominin movement produced 

no significant differences in the results compared to the baseline scenario (all 

straits closed to hominin movement, Figure 4.5a) including the timing of the 

arrival of the dispersal wave in Europe and South-East Asia (Figure 4.5b). The 

timing of peopling of the westernmost part of Europe and the easternmost edge 

of South-East Asia differed between the different scenarios by less than 50ka.  

It is likely that the pattern of dispersal into Europe arriving from the east rather 

than from the south is caused by the impact of the Sahara Desert. The Sahara, 

being a significant barrier due to the low population growth rate associated with 

the Desert biome, slows dispersal to such an extent that hominins dispersing via 

the Levant and the Anatolian Peninsula, and thereby arriving in Europe from the 

south-east, are able to reach the continent at roughly the same time as those 

dispersing via the Strait of Gibraltar. This in itself shows that, contrary to the null 

model’s prediction, Central and Eastern Europe (dominated by Mode 1-type 

artefacts and therefore being on the hypothesised less densely populated side of 

the Movius Line) is not further away from the point of origin of the dispersal than 
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Western Europe whether or not the Strait of Gibraltar remains open for hominin 

movement (cf. Romanowska 2015b). 

In the east, the Arabian route is often considered a ‘fast-track’ to Asia (Petraglia 

2003; Field and Lahr 2005). However, the simulation shows that first, this 

depends on the opening of both the Strait of Bab-el-Mandeb and the Strait of 

Hormuz, and second, it makes little difference overall. If only the Bab-el-Mandeb 

Strait is open to hominin movement (Figure 4.5b), by the time the dispersal front 

reaches the northern edge of the Arabian Peninsula, the wave arriving via modern 

Egypt is already there. Thus the front of the dispersal appears in the same place 

as in the baseline “no straits” scenario (Figure 4.5a). Without the opening of the 

Strait of Hormuz, rarely mentioned in the literature, the Arabian route does not 

speed up the dispersal into Asia at all. However, even if both straits are open, the 

difference in the timing of arrival of the dispersal wave in modern day India and 

further on is hardly significant (Figure 4.5c).  
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Figure 4-5 Three versions of the straits simplified scenario (depicted run: 

high population growth, high carrying capacity). 

  a) All straits closed for hominin dispersal; b) The Strait of 

Gibraltar and the Strait of Bab el-Mandeb open; c) All straits open 

for hominin dispersal.  G – the Strait of Giblartar; H – the Strait of 

Hormuz; BeM – the Strait of Bab-el-Mandeb.  
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4.5.2 The disease scenario 

The disease scenario investigates the impact of one of the prime factors curbing 

population numbers: pathogens and parasites. It has been argued (Bar-Yosef and 

Belfer-Cohen 2000) that leaving the tropical ‘disease belt’ might have ignited a 

population boom in the cooler and drier temperate zone where population 

growth is less affected by zoonotic diseases and parasites (i.e., those transmitted 

from non-human animals to humans). This factor is to some extent already 

incorporated in the model as differences between the population growth rates in 

different biomes. These values, derived from both modern hunter-gatherers and 

Palaeolithic estimates, reflect population dynamics influenced by many factors 

including the impact of pathogens (Binford 2001). Nevertheless, due to its 

potentially high impact I decided to test if intensifying the repercussions of 

increased susceptibility to pathogens could alter the global patterns of 

population dynamics. 

The simplest implementation was used. Population growth was halved in the 

‘disease belt’, i.e., equatorial and tropical zones where the pathogens and 

parasites are particularly rampant (Bar-Yosef and Belfer-Cohen 2000). Despite this 

substantial alteration, the results are virtually indistinguishable from the baseline 

scenario (Figure 4.6). Again, the strength of the exponential rate of population 

growth dominates any other effect, highlighting the robustness of the underlying 

mechanism of population size quickly approaching the carrying capacity ceiling. 
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Figure 4-6 The disease scenario (right hand column) compared with the 

baseline scenario, runs with low population growth (left hand 

column). See figure 4.2 for details. 
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4.6 Discussion and conclusions 

In this study I have re-evaluated a null model that the main demographic factor 

impacting the hominin population density during the Pleistocene is the distance 

from the point of origin of the first ‘Out of Africa’ dispersal. Under the broad 

conditions imposed by the model presented here, this notion seems unlikely. The 

simulation scenarios elaborated in this chapter fail to exhibit the necessary 

gradient from the more densely populated African centre towards less populated 

European and Asian outskirts. Moreover, the general population dynamics of the 

model indicates that to achieve such a gradient through dispersal and growth 

alone is not possible within a realistic range of parameter values. Instead the 

simulation suggests that, even with very low population growth, carrying capacity 

can be achieved very quickly after the initial colonisation of a new area. This 

results in a steep dispersal front. As such, this study identifies the carrying 

capacity of the hominin environment and hominin population growth as two 

dominant factors in the population dynamics of early hominin groups. This is 

consistent with earlier work on population dynamics and dispersals (Snider and 

Brimlow 2013; Hazelwood and Steele 2004). It is important to stress that these 

findings do not directly address the findings of cultural transmission models 

discussed in the introduction, as the relationship between population size and 

the sophistication of lithic assemblages has not been the topic of this study. 

While the model presented here suggests that census population may not tend to 

be negatively correlated with distance from the dispersal origin, it may remain 

the case that the capacity of groups to maintain sophisticated tool use is 

negatively correlated with this distance due to a fall in effective population size, 

or fragmentation of groups, or eroded social organisation, or some other 

demographic factor. Equally, the model presented here does not disprove the 

proposition that the Movius Line was caused by differences in population density, 

and, until more empirical data enables us to reconstruct the Pleistocene 

environments on each side of the Movius Line, it remains agnostic as to whether 

or not regions differed in terms of their population density. Instead, what the 

simulation presented here suggests that if there was a variability in hominin 

population density during the Lower and early Middle Pleistocene, it was likely to 

be related to factors other than the distance from East Africa and the first ‘out of 

Africa’ dispersal, for example the local environmental conditions and the hominin 

level of adaptation.  
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Although the evaluation of two alternative factors performed in this study did not 

yield satisfactory explanations, other, more sophisticated scenarios, involving 

such factors as the impact of particular topographic and ecological features, 

competition with carnivores, specific cultural adaptations or dependence on 

social networks (e.g., Turner 1999; Arribas and Palmqvist 1999; de Lumley 2006, 

Smith et al. 2009), falling outside the scope of this simulation study, should be 

considered.  

In light of this model’s results, the next step would be to focus on the differences 

in relative carrying capacity between the regions either side of the Movius Line. 

These carrying capacities are dependent on the biomass of the environment and 

the organism’s ability to extract energy from it. Thus, a combination of these two 

factors (lower biomass of the temperate zone combined with the lack of hominin 

adaptation strategies for the south-east Asian tropical forest) could cause 

significantly lower values of the hominin carrying capacity in the environments on 

the Mode 1 side of the Movius Line compared to the values used in this 

simulation (which were based on well-adapted modern hunter-gatherers). In this 

scenario, the occasional appearance of Mode 2 implements on the ‘wrong’ side of 

the Movius Line could be associated with environmental pockets of more 

favourable conditions. In fact, both Korean and Indonesian assemblages with 

handaxes were found on sites associated with open landscapes (Norton et al. 

2006), and Brumm (2010) shows that the current extent of the South East Asian 

tropical rainforest does not reflect the more open and mosaic conditions of the 

Early and Middle Pleistocene. As the environmental reconstruction used in this 

simulation lacks such Pleistocene-specific features (another example would be the 

South Asian ‘savannah belt’, Dennell and Roebroeks 2005; Lahr 2010), this 

hypothesis cannot be evaluated within the current implementation.  

The results of this study suggest that in order to fully test the hypothesis linking 

the Movius Line with varying levels of population density of the hominin groups, 

in addition to more archaeological survey on the eastern Mode 1 side of the 

Movius Line our focus should also be on more precise environmental 

reconstruction. If paired with the population dynamics framework developed 

here, it could shed light on the complex relationship between the environment, 

the demography and the cultural evolution of early hominins (for similar 

conclusions, see Smith et al. 2009). Equally, identifying archaeologically visible 

processes that cause demographic perturbations may provide more evidence in 

the on-going debate on the relationship between technological complexity and 

population size. 
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This study stresses the complex nature of past interactions and highlights the 

capacity of simulation techniques as the flexible scientific method that can tackle 

various causal mechanisms and combine multiple strands of evidence within a 

formal framework. Computational modelling has the potential to propel the 

debates about the Movius Line and other large scale spatio-temporal patterns 

away from simplistic ‘one factor explains all’ hypotheses towards multiple-factor 

models, and quantitatively tested scenarios, much more likely to reflect the 

complexity of hominin lives during the Pleistocene. 
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Summary 

The Variability Selection Hypothesis proposed by Potts (1996; 1998) concerns the 

evolution of behavioural plasticity among hominins arising during periods of 

strong environmental fluctuations in the last 6 million years. It argues that the 

inconsistency in selection regimes caused by the rapid environmental fluctuations 

produced particularly strong selection pressure on adapting to change rather 

than any particular set of conditions (termed 'adaptive complexity' or 'versatility’). 

The work by Potts was further formalised by Grove (2011) in a single locus model 

and tested against the temperature record of the last five million years. The 

present implementation aims to assess the implications of versatilist adaptations 

on the agent’s ability to disperse, a process that is visible in the archaeological 

record. The model was translated into a stochastic multi-agent simulation to 

investigate the dynamics between individuals with different adaptations 

(including the ‘versatilist’ individuals) within a non-homogenous population. The 

results show that dispersal accelerates the evolution of versatilism in the 

population, therefore promoting a more flexible range of adaptations. In 

addition, a set of scenarios was tested in which a dispersal wave crosses an 

environmental barrier. Despite common intuition about such barriers shaping the 

composition of hominin populations under the conditions imposed in this 

simulation, there was no significant difference between the populations before 

and after the barrier.  
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5.1 Introduction 

As sketched out in chapter 2, there has been a longstanding interest among 

Palaeolithic researchers in the complex relationship between climate change, 

hominin adaptation and dispersal events. From reconstructing the surroundings 

of localities uncovered in excavations to plotting global shifts from glacial to 

interglacial conditions, a lot of the research effort is invested in collecting and 

summarising palaeoenvironmental data. However, as Kingston (2007, 49) noted a 

decade ago, in order to better understand the interaction between hominins and 

their surroundings, rather than assimilating environmental data to develop 

models, the approach should focus more on simultaneously generating 

hypotheses about how evolution happens to help direct the collection of relevant 

environmental data. This case study is a direct response to such calls for an 

integrated approach and a shift in the research focus from data collection and 

analysis to theory building within a formal quantitative environment.  

The model presented here is an extension of the formal implementation of one 

such conceptual model - the Variability Selection Hypothesis proposed by Potts 

(1998) and formalised by Grove (2011). The Variability Selection Hypothesis 

argues that the climatic fluctuations, which hominins experienced during the 

Pliocene and the Pleistocene, equipped them with a set of adaptations to deal 

with constantly shifting conditions (versatilist adaptations) rather than any 

particular type of environmental biome (specialist adaptations). Although both 

Potts’ and Grove’s models recognise dispersal as a potentially important factor 

(Grove 2011, 313; Potts 1998, 84), neither of them explicitly tests the effects of 

populations being spatially structured on the emergence of versatilist adaptations 

or the implications of the theory on the patterns of dispersal visible in the 

archaeological record. Other studies (e.g., Powers and Lehman 2013) 

demonstrated that even adding a spatial component to already well-understood 

systems can have a significant and, often surprising, effect on the results of a 

simulation. Therefore, studying the implications of the variability selection 

hypothesis on early hominin dispersal has the potential to shed light on: a) the 

evolutionary mechanisms behind hominin adaptations related to ‘behavioural 

modernity’, b) the validity and data prediction of a prominent model linking 

climate change with human evolution and c) the complex combination of 

processes driving the first Out of Africa dispersal including external factors 

(climate change) and internal evolutionary dynamics of hominin groups.  
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After a literature review of the most prominent environmental models (section 

5.2) this chapter will provide a detailed model description (section 5.3), including 

a discussion on the implementation of the Variability Selection conceptual 

framework. Section 5.4 will describe the replication and extension of Grove’s 

2011 study performed as part of the code verification phase. This model is 

extended in a series of experiments carried out to test research questions related 

to the genetic makeup and spatial organisation of the dispersal front. The second 

set of scenarios comprise one dimensional space (a sequence of cells). They were 

performed to test the impact of dispersal corridors and barriers on the 

composition of the dispersing population (section 5.5). Finally, in section 5.6 I 

will discuss the results and draw conclusions emerging from this study. 

5.2 Literature review - environmental models in human 

origins studies 

The wealth of environmentally driven models of hominin dispersals is directly 

related to i) the availability of data and ii) the importance of environmental 

factors in general evolutionary models. First, environmental data is one of the 

most abundant classes of information that can be derived from excavated 

material. It can be obtained from a wide variety of sources (e.g., 

archaeozoological evidence, stable isotopes, palynology, geomorphology and 

geological coring, or marine and terrestrial records such as deep ocean core and 

ice drilling - overview: Kingston 2007). In addition, environmental data is 

available in relatively high volumes, even if it is sometimes unevenly distributed 

in time and space and can be of variable quality depending on its 

postdepositional situation. Second, most of established ecological and 

evolutionary models, which influence hypotheses related to human evolution, 

consider the environment of an organism as an important factor (see Chapter 2, 

section 2.3).   

As a result, environmentally driven models are common in the discipline (Figure 

5.1). They can be divided into models proposing a homogenous environmental 

condition as a driver of hominin evolution and those whose focus is on change in 

environmental conditions. The most famous early example of the former is the 

Rift Valley Theory proposed by Kortlandt (1974) and later renamed by Coppens in 

1981 to the East Side Story (Coppens 1994). It proposed that the sediment uplift 

related to the formation of the African Rift Valley created a strong environmental 

division between the forested ‘west side’ and savannah-dominated ‘east side’ 

leading to the evolution of different sets of adaptations among early hominins 
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and ultimately to the separation of the Homo and Pan lineages. The follow-up 

Savannah Hypothesis (and the related Aridity Hypothesis) links the origins of the 

human lineage with increased aridification and the shift from woodland to more 

open, grassy environments (e.g., deMoncal 1995), but has been countered by the 

Forest Hypothesis placing the earliest hominin genera, such as Sahelanthropus, 

Ardipithecus and Orrorin, in more closed, wooded surroundings (Pickford and 

Senut 2001). The debate on which type of ecosystem was the cradle of the 

earliest hominins is still ongoing (e.g., Cerling et al. 2010; White et al. 2010). 

 

 

 

Figure 5-1 A breakdown of environmental and climate-driven models of 

hominin evolution.  
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Over time, the environmentally driven models that have been used to explain 

major transitions and other phenomena in human evolution have tended to 

increasingly focus on the importance of environmental heterogeneity and climatic 

instability over time (Figure 5.1). An example of the former is the Tectonic 

Landscape Model, discussed in chapter 2, section 2.3.1, which emphasises the 

correlation between the highly heterogeneous tectonic environments and the 

location of many Early Palaeolithic sites (King and Bailey 2006). Another 

conceptual model, which features prominently (although often not explicitly) in 

many palaeontological interpretations is the Mosaic Habitat Theory (overview of 

its origin and its many versions in: Reynolds et al. 2015). The model argues that 

the setting of many archaeological sites is often environmentally heterogeneous 

(i.e., composed of open grassland, forest, water edge, etc.) and affording easy 

access to a variety of resources. Such mixed environments can, therefore, be 

considered the natural ecological zone of hominins. The implication of this model 

for the evolution of human adaptation would be an emphasis on the emergence 

of adaptations that allow hominins to deal with ecological variation rather than a 

trend towards an increased specialisation to any one type of environmental biome 

(Reynolds et al. 2015).  

More recently, a number of researchers have put forward models that do not 

prioritise any particular set of environmental conditions, be it mosaic or not, but 

rather the change in these conditions (overview in: deMoncal 2004)(Figure 5.1). 

The Turnover Pulse Hypothesis proposed by Vrba in 1982 (1993; Tyler-Faith and 

Behrensmeyer 2013) was one of the first attempts to formalise the relationship 

between global climatic oscillations and the trajectory of evolutionary change in 

mammals including hominins. Vrba argued that climate change is the primary 

factor altering species’ habitats and provoking speciation, extinction and 

dispersal. This mechanism is supposed to occur in short pulses directly linked to 

significant climatic oscillations and affect multiple lineages of animals at the 

same time.  

The main premise behind the Shifting Heterogeneity Model as proposed by 

Kingston (2007) can be summarised as ‘everything is changing all the time’. 

According to the model, global climatic fluctuations driven by the Milankovitch 

cycles coupled with meso-scale climatic variations caused by Heinrich Events, 

Dansgaard-Oeschger and el-Niño cycles were juxtaposed on already existing 

environmental heterogeneity of the highly tectonic African Rift Valley leading to 

strong fragmentation of hominins’ habitats and a constant flux in environmental 

conditions and the composition of ecosystems. Although the model invokes 
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different scales of analysis and a wide range of environmental proxies, it lacks 

operational definitions (e.g., for ‘environmental heterogeneity’) or theoretical 

predictions, which could be formally tested.   

The Pulsed Climate Variability Hypothesis (Maslin and Trauth 2009; Maslin et al. 

2014) combines the theoretical framework developed by Potts in the Variability 

Selection Hypothesis (see below) with a detailed reconstruction of the climatic 

fluctuations in East Africa based on an extensive study of the ephemeral, deep-

water lakes (Shultz and Maslin 2013). The focus of the Pulsed Climate Variability 

Hypothesis is short periods of extreme climate variability which force sudden 

changes in the natural selection regimes, providing a strong drive for 

evolutionary processes (Figure 5.2). The authors have demonstrated (Shultz and 

Maslin 2013) that the East African lake fluctuations are the best environmental 

predictors of species turnovers, changes in the brain carrying capacity, dispersal 

events and the overall diversity in hominin species.  

 

 

Figure 5-2 Different types of environmental oscillation patterns.  

  A - Regularly fluctuating conditions; B - Increasing Variability of 

climate change; C and D - “Pulses” of changing conditions 

proposed in the Pulsed Climate Variability Hypothesis. Adapted 

from Maslin et al. 2014, fig.7.  
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5.2.1 The Variability Selection Hypothesis 

This case study explores another theoretical framework, the Variability Selection 

Hypothesis, which similarly to the previous models links the effects of the 

fluctuating climate to hominin-specific adaptations that arose during the last six 

million years. The Variability Selection Hypothesis proposed by Potts (1996; 

1998) postulates an evolution of behavioural plasticity among early hominins 

arising during periods of strong environmental fluctuations associated with major 

global climatic shifts. This variation in environmental conditions caused 

inconsistency in selection regimes acting on early hominins (as well as other 

mammalian species) producing particularly strong selection pressure on 

developing adaptations towards rapidly shifting environmental conditions 

(termed ‘adaptive complexity’, ‘adaptive flexibility’, ‘adaptive versatility’ or simply 

‘versatility’). Potts recognises three mechanisms increasing the adaptive 

versatility: a) diversity in the genetic polymorphism; b) phenotypic plasticity 

and c) variability selection. In the case of genetic polymorphism, the 

mechanism of response to environmental change is a fluctuation in the frequency 

of alleles coding specific adaptations in the population as a whole. Thus, the 

genetic composition of the population closely echoes the current climatic 

conditions and the process of re-adaptation triggered by climatic fluctuation 

takes significant amounts of time as the frequency of the ‘now adaptive’ traits 

slowly shifts from one generation to another. The second mechanism, 

phenotypic plasticity, assumes a similar process but at the level of phenotypes 

rather than genotypes, therefore producing a more rapid - on the scale of one 

rather than multiple generations - evolutionary response to change. That is, the 

fluctuations in climate trigger variable responses during growth and maturation 

of individuals leading to the expression of different phenotypes even in 

populations of relatively homogenous individuals. In contrast, the variability 

selection mechanism does not follow the changes in the climatic conditions but, 

instead, it stimulates the evolution of “complex structures or behaviors that are 

designed to respond to novel and unpredictable adaptive settings” (Potts 1998, 

85). Put simply, the variability selection is an environmentally driven force leading 

to the development of adaptations dealing with change of conditions (hotter, 

colder, drier, etc).  

The Variability Selection model relates the environmental record to the evolution 

of key hominin adaptations in a non-trivial way and, therefore, has a potential for 

deepening our understanding of the Palaeolithic record. A number of traits 

considered “fundamentally human” can be classified as versatilist adaptations. 
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For example, human dependence on material culture (tools, clothing, dwelling 

structures, fire use etc.) can be regarded as a “quick fix” type of adaptation to the 

rapidly changing surroundings since it does not require long-term evolutionary 

changes in body composition (e.g., growing fur). Equally, articulated language 

and other cognitive capabilities enabling creativity and innovation, as well as the 

social environment, including social learning and kin and non-kin networks 

provide a set of convenient strategies in times of need. These types of 

adaptations could make their bearers thrive in a range of environmental 

conditions and provide a robust coping mechanism in case of a sudden change in 

these conditions. Such characteristics are often cited as sine qua non of the first 

Out of Africa dispersal and subsequent dispersals (see Chapter 2, section 2.3). 

Since all aforementioned hominin characteristics are manifestations of the 

increase of cognitive functions (Ambrose 2001; Dunbar 2003; Foley and Lahr 

2003), which, in turn, can be linked to the increase in size and, perhaps also, 

organisation of the brain (Bruner 2004; Bailey and Geary 2009; Schoenemann 

2006), there is a close coupling between genetic evolution and their appearance. 

Accordingly, it is not unreasonable to use models derived from genetics to 

investigate these mechanisms. Equally, all of these adaptations have been 

proposed as driving or at least contributing to hominin success in becoming one 

of the most widely spatially distributed genera among terrestrial mammals 

(Brown et al. 1996). However, so far there has been only a limited amount of 

research exploring the impact of adaptive complexity on the timing, character 

and general patterns of the early hominin dispersals. 

The Variability Selection model does not exclude an alignment of specific 

adaptations allowing hominins to thrive within particular local conditions. 

Instead, it is argued that some (but not all) of the selective pressure exerted by 

the fluctuating climate during the Pleistocene could have been counteracted with 

variability adaptations (Potts 1998, 93). This makes the conceptual model 

particularly complex as it introduces, rather than replaces, a new evolutionary 

mechanism to an already multi-scalar, composite system. Although the Variability 

Selection hypothesis provides a useful abstract framework, the complex 

relationship between its elements and the difficulty of providing archaeologically 

verifiable predictions demands a more robust tool to investigate both the 

conceptual model as well as its implications for our understanding of the 

archaeological record. 
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5.2.2 Formal implementations of the Variability Selection hypothesis 

The first step in that direction was the mathematical formalisation of the 

Variability Selection model by Grove (2011). Grove used a standard single locus 

framework extended by a ‘behavioural plasticity gene’, equivalent to Potts’ 

variability/versatility factor, and conferring a boost to individual’s fitness. He then 

performed a sensitivity analysis using the temperature record spanning the last 6 

million years to detect periods of environmental regimes particularly suited for 

versatilist adaptations. He recognised the period between 2.5 - 1.2Mya as 

strongly favouring the evolution of versatilists.  

Studies using the Variability Selection Hypothesis to explore the process of 

dispersal were mostly concerned with the temporal aspect of dispersal. For 

example Grove (2014; 2015) showed that the Dispersal Potential (understood as 

the size of the range of potential habitats that the population is able to occupy 

given their adaptations) is particularly high during and just after the transition 

phase from high to low climatic variability. He argued that periods of high 

climatic variability exert a particularly strong selection pressure leading to the 

evolution of phenotypic plasticity necessary to survive the precarious period. As 

the climatic oscillations dampen down the organisms find themselves with more 

versatility than is strictly necessary to survive and which may be used to disperse 

into previously unoccupied or marginal regions. This Accumulated Plasticity 

Hypothesis predicts phases of rapid dispersals trailing closely behind periods of 

strong climatic fluctuations.  

In contrast, Borg and Channon (2012) used the framework of the Variability 

Selection Hypothesis to investigate the impact of climatic fluctuation on the 

evolution of individual and social learning strategies. In their implementation, 

learning was equated with the ‘versatilist’ adaptation. Their study revealed a 

number of non-intuitive dependencies between the evolution of different learning 

strategies and the environmental variability. For example, although both 

individual and social learning surpass the increase in fitness that can be achieved 

with simple genetic evolution, it is only a combination of the two (although with 

relatively low levels of individual learning) that allow organisms to achieve their 

maximal potential fitness. Second, in the times of increased environmental 

variability, populations overly dependent on social learning tend to do worse than 

those where individual learning is dominant. This is because over-reliance on 

social learning can lead to over-conformism and sustaining strategies which are 

not optimal anymore or even harmful as the environment has changed. 
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 Despite the longstanding interest in the hominin-environmental interaction 

and the impact of climate change on the evolution of hominin adaptations (see 

section 5.1) the body of formal modelling work on this topic is very limited in size 

and scope. Similarly, the relationship between hominin dispersals and major 

developments in human evolution has been a prolific research avenue in 

Palaeolithic archaeology (see Chapter 2, section 2.3). However, using a formal 

computational framework to investigate the dynamics of the evolutionary 

processes behind hominin dispersals is an entirely novel approach (c.f. Grove 

2014). The model described in the following sections is a direct response to this 

dearth of formal models in human origins studies. In sum, the aim is to test 

several implications of the Variability Selection Hypothesis, namely the 

implication for dispersal and the relationship between the evolution of 

behavioural plasticity and spatial structuring of the population. 

5.3 Model Description 

The model is an agent-based simulation. It consists of three main entities: i) a 

population of heterogeneous agents with different degrees of temperature-

adaptation and versatility, ii) the environment in the form of a 0-dimentional 

point location or 1-dimensional chain of locations, and iii) a wave function 

representing changing climatic conditions (temperature) (Figure 5.2a). The 

population of agents grows and contracts according to the standard population 

dynamic model (Snider and Brimlow 2013) and its genetic composition fluctuates 

as a result of the changing climate. At each time step, a proportion of each cell’s 

population spreads from its initial position into neighbouring cells. The changes 

in the genetic composition of the remaining and the dispersing populations are 

then recorded. The model description follows the ODD protocol (Grimm et al. 

2010). For the full code and implementation details, see Appendix C. Code and 

Pseudocode and Appendix D. Development Notes at: 

github.com/izaromanowska/Modelling-Hominin-Dispersals-Using-Agent-based-

Modelling 

5.3.1 Purpose and research questions 

 The aim of this model is to use the framework of the Variability Selection 

Hypothesis (Potts 1998) to investigate broad evolutionary patterns related to 

hominin dispersals. It focuses on mechanisms behind the evolution of the 

versatilist adaptations within an abstract but spatially explicit environment. The 

output of the simulation includes, but is not limited to: i) detecting patterns in 
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the emergence of versatilist adaptations in the population, especially its timing 

and location; ii) investigating the relationship between different adaptation 

strategies, climate change and population dynamics, and iii) examining the 

effects of different spatial arrangements (e.g., environmental barriers) on the 

structuring of hominin populations. By doing so, the model aims to investigate 

possible evolutionary mechanisms behind early dispersals.  

Research questions 

1. Can the findings of the study by Grove 2011 be replicated? That is, are there 

significant differences between the results of the original non-spatial, frequency 

model and an agent-based simulation with spatially structured populations which 

can undergo local extinctions and expansions? 

2. What is the impact of migration on the evolution of versatilist genes?  

a. What is the relationship between migration and behavioural 

plasticity? 

b. Does dispersal promote or limit the frequency of versatilist genes? 

c. Which genetic types (specialists, generalists, versatilists) migrate the 

most and which the least?  

3. What is the impact of environmental features on the dispersing population? 

a. Do the populations before and after an environmental barrier differ 

in terms of their genetic makeup?  

4. How does the spatial structuring of the population evolve?  

a. Does spatial structuring occur as a result of dispersal? 

b. If so, are the versatilists more likely to be found in the dispersal 

front or at the core area close to the origin of the dispersal?   

These three main research themes and detailed research questions are addressed 

in experiments described in sections 5.4, and 5.5. 

 

5.3.2 Entities, state variables, and scales  

Agents 

The simulation is an agent-based model. A three-dimensional array representing 

the world holds in each cell a population (list) of individuals (agents). Each agent 

has a type corresponding to a genotype consisting of two ‘genes’ from the pool 

of three alleles: 1 - hot, 2 - versatilist, 3 - cold (see Table 5.1). The hot-cold 

notation is only meant as shorthand for describing a spectrum of environmental 

states; the actual type of the environmental variable (be it hot-cold, wet-dry, or 
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open-forest, etc.) is irrelevant for the general dynamics of the model. Figure 5.3 

shows how over time each agent reacts to changes in the base environmental 

conditions (temperature curve). 

 

 1. Hot  2. Versatilist  3. Cold  

1. Hot  Hot Specialist (11) Hot Versatilist (21) Generalist (13) 

2. 
Versatilist 

Hot Versatilist (12) Versatilist Specialist 
(22) 

Cold  Versatilist (23) 

3. Cold Generalist (13) Cold Versatilist (23) Cold Specialist (33) 

Table 5-1 All combinations of alleles.  

Agents have no sex, age or any other attributes apart from a fitness level which is 

re-calculated at each step of the simulation and depends on their adaptation to 

the current conditions (the temperature curve). Agents’ actions are limited to 

reproduction and migration, each of which is given a probability dependent on an 

agent’s fitness (Figure 5.3). Agent fitness is calculated using the following 

equations:  

   w!! =  α + γsin!"# (eq. 1) 

  w!" =  !"! !!"#!"#!!
!  (eq. 2) 

    w!" =  α  (eq. 3) 

   w!! =  α + ν  (eq. 4) 

  w!! =  !"! !!"#!"#!!
!  (eq. 5) 

  w!! =  α − γsin!"# (eq. 6) 

 

Figure 5.3 shows the graph of the fitness of each type of agent. From left to right 

along the x-axis the temperature follows a sine curve. The fitness of each type of 

agent is shown as a coloured line, with the ones containing a versatility gene 

depicted as dashed lines. The hot and cold specialists attain their maximum 

fitness during the peak and the lowest point of the temperature curve, 

respectively. The mixed strategies have lower maximal fitness than specialists 

during times of favourable conditions, but their minimum fitness during times of 

unfavourable conditions is also less severe. For the hot-cold generalists, the 

temperature fluctuations have no impact on their fitness. Over the full span of a 

temperature cycle the average fitness of each agent type is the same, apart from 

the ones containing a versatilist gene, which gives them a small fitness boost 
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overall. Finally, it is worth noting that despite this ‘fitness boost’ the fitness of 

the versatilists is never higher than that of one of the specialists.  

 

 

Figure 5-3 The relationship between the fitness of each genotype over the 

span of a single temperature fluctuation (full sinusoid cycle – 

top image).  

  w11 - hot specialist; w22 – versatilist specialist; w33 - cold 

specialist; w12, w13, w23 - intermediate forms; Dashed line 

denotes genotypes with a versatilist gene.   

Environment 

There are two environmental entities in the simulation:  

1. the climatic curve used to calculate the current fitness of each agent type,  

2. the level of resource in each location used to determine its carrying 

capacity.  

The climatic wave function is modelled as a sinusoid curve (Figure 5.2a), which 

increases or decreases at each time step. The number of time steps per cycle is 

set to 50 (see section 5.3.5 initialization). The temperature value throughout the 

duration of one time step is uniform in all locations. Although the model is 

spatially structured, it is not modelled after a particular geographical region. 
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5.3.3 Experiment sets 

In the first set of runs (section 5.4) the world is zero dimensional, that is, all 

simulated agents live in one location. Migrating agents are removed from the 

simulation. In this scenario, different levels of carrying capacity, allowing 

different population sizes, have been tested to minimise the stochastic effects of 

the simulation and to align it with the replicated mathematical model which 

assumes an infinite population size. In the second set of experiments (section 

5.5) the world is one dimensional. It consists of a string of cells along which the 

agents can disperse. In some simulation runs, the central locations may be 

designated as a ‘barrier’ or a ‘corridor’ characterised by a lower or higher 

carrying capacity, respectively. Table 5.2 summarises the environmental setup of 

each set of experiments. 

  

Scenario No of dimensions Temperature curve 
Carrying capacity 
(cc) 

Experiment set 1 

Base scenario  0 (one cell) 
Sine wave: uniform 
temperature across 
all cells 

Uniform: uniform 
carrying capacity in 
all cells 

Experiment set 2 

Barrier/corridor 
scenarios 

1 (a string of cells) 
Sine wave: uniform 
temperature across 
all cells 

Central cell has 
either 10% or 1000% 
of the base cc 

Table 5-2 Summary of different environmental variables in each set of 

experiments.  

Time 

The current implementation of the model has no absolute time scale as it is not 

linked to any environmental records, but each simulated time step is considered 

to be equal to a lifespan of one generation. Each temperature cycle (a full sine 

wave cycle) is therefore equivalent to 50 generations. The simulation has been 

tested starting from different points on the sine curve to ensure that the results 

are not biased by the initial conditions. 
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Figure 5-4 Simulation flowchart.  
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5.3.4 Process overview and scheduling 

After the initialisation the simulation goes through the following stages at each 

time step of the model (Figure 5.4): 

1. upload the list of agents in each cell from the previous iteration, 

2. migration procedure, 

3. reproduction procedure, 

4. update each cell with the new list of agents, 

5. output data every 10 steps. 

See Appendix C for pseudocode and Appendix D for development notes. 

Depending on the experiment setup this sequence may be repeated:  

• Until fixation, which is reached when the frequency of the versatilist gene 
equals zero or the frequency of both hot and cold specialist genes equals 
zero;  

• Until agents dispersing from one edge of the world reach the opposite 
edge of the world; 

• Until the time limit is reached. 

See sections 5.4 and 5.5 for details of how these stopping conditions are 

implemented in each set of experiments.  

Migration procedure 

The migration procedure consists of two steps:  

• determining the probability of migration, and  

• choosing the destination cell.  

First, for each agent, i, the probability of migration, P
m
, is calculated as a logistic 

function combining the population density of the cell (expressed as the 

proportion of population size, N
t
 to the carrying capacity, cc - the maximum 

possible number of individuals) and an individual’s fitness, f
i
 in relation to the 

mean fitness of the cell’s population, !.  

!!  = ! !!
!! (! ! !!!(! ! !!))  (eq. 7) 

! =  !! !! 
!        (eq. 8)    

P
m
 - probability of migration 

m - a constant between 0 and 1 used to manipulate the strength of the migration 

N
t
 - population size of the cell 

cc - carrying capacity of the cell 
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k - the steepness of the sigmoid curve 

x
0
 - the midpoint of the sigmoid curve 

f
i
 - fitness of an individual 

! - mean fitness of the cell’s population 

A random number is drawn from a uniform distribution. If it is higher than the 

probability of migration the agent is appended to the list of agents that stay in 

the cell, otherwise the agent leaves the cell.  

Second, the migrating agents are each moved to a target cell. Depending on the 

experiment setup, this may be: 

• Undefined, for example in the zero dimensional scenarios migrants are 

simply removed from the simulation,  

• Predetermined, when the directionality of the movement is controlled. For 

example, in the one dimensional scenarios agents always move from left 

to right. 

Reproduction procedure 

First, the size of the next generation in each cell is determined using the 

standard population growth equation (Snider and Brimlow 2013).  

!!!!  = !! + !!!(!! ! !!
!! )  (eq. 9) 

N - number of individuals in the cell 

r - population growth rate 

cc - carrying capacity of the cell 

Second, for each offspring two parents are drawn from the pool of all agents 

using a fitness proportionate selection process also known as a roulette wheel 

algorithm (Figure 5.5). The roulette wheel selection algorithm is commonly used 

to simulate random events with an uneven probability of occurring. For example, 

it is widely applied in genetic algorithms (Gopi 2007, 10-15). The fitness of each 

agent type determines the size of its roulette slot. The higher the fitness of an 

agent the higher its chance of being chosen as its roulette slot is proportionally 

larger than the slots of its competitors with lower fitness. Once the roulette wheel 

is set up, a random number between zero and the total fitness of all agents is 

drawn. The roulette slot that the random number falls into determines which 

agent is chosen as the first parent. The procedure is then repeated for the second 

parent.  
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Once the two parents are chosen, their genotypes are combined to form the 

genotype of the offspring. The offspring inherits one gene from each parent, 

chosen at random. For example, an offspring of parents with genotypes (1, 2) 

and (2, 3) has a 50% chance of inheriting gene 1 or gene 2 from the first parent 

and a 50% chance of inheriting gene 2 or gene 3 from the second. Hence, the 

possible combinations are (1, 2), (1, 3), (2, 2) and (2, 3) with 25% chance each.  

Finally, the offspring is appended to the list representing ‘the next generation’ 

and the parents are returned to the pool of potential parent agents. This 

procedure is repeated until the target number of new offspring (as determined in 

step 1) has been generated.  

 

  

Figure 5-5  Simplified graph showing the basic rules of the roulette wheel 

selection algorithm.  

  Each roulette slot represents a different individual. Its size 

depends on the individual’s fitness making the choice of more 

fit individuals proportionally more likely. In this example, fitness 

scores for the five individuals could be 0.5, 0.5, 0.2, 0.7, and 0.1, 

respectively, reading clockwise from the upper right quadrant of 

the wheel. 

 

There exist a number of fitness proportional selection algorithms and two of 

them were additionally tested: the truncation algorithm and the tournament 

algorithm. Under truncation selection, a proportion of the population whose 
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fitness is below a set threshold (e.g., the top 80%) get discarded and parents are 

selected at random from the remaining portion of the population. The truncation 

algorithm does not allow for any agents with fitness below the threshold to pass 

through, therefore significantly reducing the genetic diversity of the population. 

As a result, this selection algorithm tended to prevent the versatility genes from 

increasing in frequency at all, as they were always ‘less fit’ than one of the 

specialists common in the population. By comparison, roulette wheel selection 

and tournament selection are more ‘forgiving’. This means that even though 

agents with a lower level of fitness are less likely to be chosen, a small number of 

them will be selected due to stochastic sampling. Under tournament selection, T 

random agents (typically 2) are drawn from the entire population of a cell and 

their fitness values compared. The agent with a higher fitness is then selected. 

Roulette wheel and tournament selection algorithms produced qualitatively 

similar results.  

5.3.5 Initialization  

Table 5.3 summarises the parameter values necessary to initialise the simulation 

and gives the ranges used throughout the different experiments.  

The size and the shape of the world (0 and 1 dimensional) as well as the stopping 

conditions was determined by the experiment design of each scenario.  

The default growth rates used in the model are: i) 2% over a generation or 0.1% 

per annum and ii) 20% over a generation or 1% per annum, assuming that an 

average generation spans 20 years. These values are an approximation of the 

range of reported population growth values of modern human populations of 

hunter-gatherers, including !Kung (0.2%), Hadza (1.3%) and Ache (0.7%) 

(Chamberlain 2006, 59-62). All other values were determined experimentally. For 

example, a range of values of k were tested - steepness of the logistic curve used 

to determine the migration probability (see Appendix D. Development Notes). For 

all non-extreme values the results were qualitatively similar. The initialisation 

values specific to each experiment are described in sections 5.4 and 5.5.  
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Simulation specific 

Pseduo-random number generator seed  1-50 

Number of time steps per temperature 
cycle 

 50 

Starting point on the sine curve  
Tested starting time steps (range 
0-49): 0, 6, 12, 25, 32, 38, 44 

Experiment specific 

World’s size and shape  1×1; 1×20; 1×100 

Frequency of data output  100; 1000; end of simulation 

Max. time or stopping condition  See section 5.3.5 

Migration constant m 1; 0.1 

Growth rate r 0.1%; 1%  (per annum) 

Steepness of the migration logistic curve k 5 

Base carrying capacity cc 10,000; 1000 

Carrying capacity of a barrier/corridor  cc × 0.1; cc × 10 

Initial population of each agent type (hot-
cold-vers.) 

 49.5%-49.5%-1%; 40%-40%-20% 

Tested ranges 

Versatilist fitness boost ! 0.0001, 0.001, 0.01 

Amplitude of the climate fluctuations ! 0.60, 0.65, 0.70, 0.75, 0.80, 0.85, 
0.90, 0.95 

Table 5-3 The parameter values used for initialisation of the experiments. 

5.4 Experiment Set 1: Replication and Extension of Grove’s 

2011 model 

As mentioned in chapter 3, replication is an important technique used for the 

verification of simulation models. In most cases a replication study aims to test 

the original model. However, if successful, it can also confirm that the replicating 

simulation itself is likely to be error free. The Variability Selection hypothesis has 

been previously implemented by Grove (2011). His equation-based simulation is 

based on a genetics-inspired single locus model and consists of a dynamic 

simulation of the frequencies of three types of genes: hot-adapted, cold-adapted 

and versatilist. The relative proportions between different genes change at each 

time step but their sum always adds up to 1. In the null-hypothesis scenario the 
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fitness of each type of gene dictated by the fitness equations fluctuates in 

response to the changing temperature modelled as a sine wave. Since the average 

fitness of all genotypes is equal over the time span of one environmental cycle, 

except for the versatilist’s gene which carries a small (0.01, 0.001, or 0.0001) 

fitness boost, strategies featuring the latter gene will inevitably outcompete 

strategies that do not. Therefore, what is recorded is the time to fixation, i.e., the 

time needed for the versatilist gene to outcompete the two specialist genes. As a 

result, it is possible to compare the length of runs under increasingly rapid 

temperature fluctuations. The graph used to visualise the results (Figure 5.6) 

shows the time needed for the versatilist gene to fixate (y-axis) depending on the 

amplitude of environmental fluctuations (x-axis), with different curves 

representing different versatilist fitness boost values.  

The aim of this set of experiments was i) to replicate Grove’s results, and ii) to 

extend the model with two processes: population growth and migration. First, 

Grove’s model lacks population growth because it is based on frequencies of 

different genes, which always sum to unity. Second, although mentioned as 

potentially significant, dispersal was out of the scope of Grove’s (already very 

rich) model. This set of experiments investigates the relationship between the 

evolution of versatility and these two processes: population growth and 

migration. Apart from the methodological question (can Grove’s study be 

replicated?) it addresses the following research questions: what is the relationship 

(if any) between behavioural plasticity and dispersal? Does dispersal promote or 

limit the frequency of versatilist genes? Which genetic types (specialists, 

generalists, versatilists) migrate the most and which the least?  

5.4.1 Experiment Design  

This set of experiments is based on a direct reimplementation of Grove’s model 

and it was further aligned for the replication. The population consists of the same 

types of genotypes and their fitness is calculated using the same set of equations 

(see section 5.3.2). Equally, the environmental forcing is implemented using the 

same sine curve function. The main differences between the current 

implementation and Grove’s model are: i) the technique used (agent-based 

modelling), ii) the stochasticity introduced by a finite population subject to 

roulette wheel selection and migration and iii) the explicit spatial dimensionality 

of the model. First, for the purposes of replication, the impact of stochasticity in 

the current model was limited by using a high population size of 10,000 agents. 

Second, the model was run on only one grid cell, therefore removing the spatial 
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aspect. Finally, the simulation was initialised using the same values as in Grove’s 

experiments (Table 5.4), e.g., the climatic curve was initialized from zero. The 

data was collected every 100 time steps (experiments 1 and 2) and every 10 

steps (experiment 3).  

Three experiments were performed.  

Experiment 1 — Replication: In the first experiment the population growth was 

replaced with a static population size (10,000 agents) and the migration 

procedure was disabled. The simulation was then run 50 times with different 

seeds and the results of all runs in which the versatility gene attained fixation 

were recorded.  The mean time to fixation was then plotted against the original 

graph (Figure 5.6).  

Experiment 2 — The effects of population growth and migration on 

versatility: In the second experiment the base scenario was extended with 

additional processes (Table 5.4). To ensure that the results of each run are easy 

to attribute to a particular process each factor was tested separately. In 

Experiment 2a only the population growth procedure was used. The population 

was initialised at 1000 individuals so that it could grow to the cell’s carrying 

capacity (10,000 agents). In Experiment 2b the simulation was extended with 

only the migration procedure. Although the initial population size was set at the 

carrying capacity, it would drop to a lower level at each time step because a 

proportion of the agents migrated. The difference between this new population 

size and the target was offset so that at the beginning of each time step the 

population size was always set back to the carrying capacity level. Finally, in 

Experiment 2c, both population growth and migration procedures were 

implemented together. The simulation was run 50 times with different seeds and 

the results of all runs in which the versatility gene attained fixation were 

recorded. The mean time to fixation was then plotted against the original graph 

(Figures 5.7, 5.8, 5.9).  

Experiment 3 — Who is dispersing? And when?: The third experiment recorded 

the number of each type of agent in the migrating population and contrasted it 

with the population that remained on the cell. The aim was to investigate if the 

composition of the dispersal front differs from that of the general population. In 

addition, the migrants were plotted against the temperature curve to see if any 

relationship between the environmental conditions and the makeup of the 

dispersing population exists.  
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 Replication Experiment 
2a 

Experiment 
2b 

Experiment 
2c Experiment 3 

World’s 
dimensions 1×1 
Agent types 11, 12, 13, 22, 23, 33 

Initial 
Population 49.5% cold, 49.5% hot, 1% versatilist 

Carrying 
capacity of 
each cell 

10,000 

Time steps per 
cycle 50 

Growth? No 1% per annum No 1% per annum 1% per annum 

Initial pop. size 10 000 1000 10 000 1000 1000 

Migration? No No Yes Yes Yes 

Steepness of 
the sigmoid 
curve, k 

N/A 5 

Fitness boost, v 0.0001, 0.001, 0.01 

Environmental 
fluctuations, α 0.60, 0.65, 0.70, 0.75, 0.80, 0.85, 0.90, 0.95 

Table 5-4  The parameter values used for initialisation of the experiments. 

5.4.2 Results 

5.4.2.1 Experiment 1: Replication 

The results of the replication experiment were averaged over all runs in which the 

versatilist genes attained fixation and plotted against the original results. Figure 

5.6 shows the time to fixation (y-axis) depending on the strength of the 

environmental fluctuations (x-axis, the higher the gamma, the higher the 

amplitude of the sine curve). The results of the original study are depicted as 

three colour lines representing different values of the fitness boost given to the 

versatility gene. Plotted against them are the mean values of the time to fixation 

obtained from this study. Since only some values of gamma (0.05, 0.1, 0.15, 0.2, 

0.25, 0.3, 0.35, 0.4) were tested these are represented as a scatterplot.  
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Figure 5-6 Figure 5.6 Results of the replication study.  

  The underlying graph shows time to fixation (the y-axis) under 

different environmental regimes (the x-axis, the higher the value 

of gamma the higher the amplitude of environmental 

fluctuations), and with three values of the fitness boost (colour 

dash lines) obtained in the original model of Grove (2011, figure 

3). Colour dots, squares and triangles represent the mean time 

to fixation in the current study. 

 

The replication results are in good agreement with Grove’s outcomes indicating 

that the core of the simulation was replicated in an independent study 

implemented using a different simulation technique (equation-based modelling), 

programming language (MATLAB) and algorithms. Therefore, it has fulfilled all six 

dimensions of replication as detailed by Wilensky and Rand (2007): 

1. The model was replicated at a different time.  
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2. The model was replicated using different hardware.  

3. The model was replicated using a different programming language.  

4. The model was replicated using a different simulation toolkit.  

5. The model was replicated using different algorithms.  

6. The model was replicated by a different author.  

As Wilensky and Rand (2007, section 2.13) note: the consistency of results 

between the replicated and replicating models indicates that there is “a good 

evidence that the [original] model is accurately described and the results are 

robust to changes in the dimensions of replication that have been altered.” 

Although the outputs of the two models have not been formally compared using 

statistical methods (only the figure from Grove’s paper is available, not the 

underlying data that was used to generate it), the two graphs show a high level of 

correspondence. Given the level of dissimilarity between the two implementations 

the replication would have been called ‘successful’ even with a much less evident 

match. Finally, the success of the replication significantly increases the level of 

confidence regarding the current study. 

5.4.2.2 Experiment 2: The effects of population growth and migration on 

versatility  

In this set of experiments the base model was extended by two additional 

elements: i) population growth, ii) migration and iii) a combination of both. In the 

population growth runs (Experiment 2a) the initial population size was set to a 

tenth of the carrying capacity (1000 agents). The remainder of simulation settings 

was not changed.  

Interestingly, adding population growth to the model made little noticeable 

difference to the results (Figure 5.7). Only the runs under the most stable 

environmental conditions (low values of gamma) and lowest value of the fitness 

boost (low values of v) deviate from the original study. In these setups the 

number of successful (i.e., these that fixated) runs is low making it more prone to 

fluctuations (the visualised value is averaged from a smaller number of runs than 

in other combination of parameters). The small difference between these results 

and the original study is likely because once the carrying capacity level is reached 

(which happens relatively quickly) the remainder of the simulation run is similar 

to those of the replication experiment.  
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Figure 5-7  Results of the experiment introducing population growth.  

  The underlying graph shows time to fixation (the y-axis) under 

different environmental regimes (the x-axis, the higher the value 

of gamma the higher the amplitude of environmental 

fluctuations), and with three values of the fitness boost (colour 

dash lines) obtained in the original model of Grove (2011, figure 

3). Colour dots, squares and triangles represent the mean time 

to fixation in the current study. 

In contrast, adding the migration term but without the population growth 

(experiment 2b) changes the dynamics considerably. Figure 5.8 shows the results 

of runs where the population size was held stable but the agents could migrate. 

Two trends are clear: a decrease in time needed for the versatilist gene to fix in 

the population and an absence of runs in which the versatilist gene fixated 

towards the higher values of gamma (high amplitude of environmental 

fluctuations).  
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The first trend indicates that versatilists genes need significantly less time to 

fixate in the population in scenarios in which agents migrate. This is because 

migration loosens some of the selection pressure since at each time step it 

removes part of the population from the cell (see below for a discussion on which 

types of agents constitute this part). As a result, the remaining population is 

more diverse and consists of more individuals of ‘less-than-optimal’ fitness level. 

This is a highly favourable situation for the versatilists who are for the most part 

below the fitness level of one of the specialists (Figure 5.3). However, as we will 

see, this only applies within a specific band of conditions. If the environmental 

fluctuations are too extreme the migration mechanism cannot outbalance the 

selection pressure alone.  

This is visible in the second trend of the results: for higher values of gamma (i.e., 

high amplitude of environmental fluctuations) there were no runs out of the 50 

performed in which the versatilists fixated, indicating that the agents holding the 

versatilist gene went extinct before gaining a foothold in the population. This is 

caused by a particularly high selection pressure that was artificially imposed by 

using the static population size. The probability of migration is a function of the 

population density (the closer to the carrying capacity ceiling the higher the 

chance of migrating) and individual fitness (the lower the fitness the higher the 

chance of migrating). Therefore, in a scenario where the population is at the 

carrying capacity level at all times the push to migrate will be particularly strong 

and aimed predominantly at agents with a sub-optimal fitness level, among whom 

versatilists are disproportionately represented. As a result, the runs end up with 

one of the specialists dominating the population within the first few temperature 

cycles, outcompeting the versatilists’ genes beyond recovery. In scenarios where 

the environmental change is less extreme (low values of gamma) the differences 

between the fitness values of agents are smaller, meaning that versatilists have a 

better chance to establish themselves in a population.  
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Figure 5-8 Results of the experiment introducing migration but holding 

population size static.  

  The underlying graph shows time to fixation (the y-axis) under 

different environmental regimes (the x-axis, the higher the value 

of gamma the higher the amplitude of environmental 

fluctuations), and with three values of the fitness boost (colour 

dash lines) obtained in the original model of Grove (2011, figure 

3). Colour dots, squares and triangles represent the mean time 

to fixation in the current study. 

 

Finally, in the third experiment (experiment 2c) both the population growth and 

the migration processes were operating (Figure 5.9). That is, the initial 

population size was set to a tenth of the carrying capacity, at each time step the 

size of the population was calculated using the population growth algorithm (so it 

could vary between different time steps) and the agents could migrate. Similarly 

to the previous experiment (Experiment 2b) with migration but static population 
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size the decrease in the time needed for the versatilist gene to fixate is evident 

and the rate of this decrease is similar. The fact that versatilists genes fixated at 

least once for each combination of parameters suggests that during the time it 

takes the population to approach the carrying capacity from the initial low 

population size, the migration pressure remains low giving the versatility gene 

the time necessary to establish itself in the population.  

 

 

Figure 5-9 Results of the experiment with migration and population growth 

enabled. The underlying graph shows time to fixation (the y-

axis) under different environmental regimes (the x-axis, the 

higher the value of gamma the higher the amplitude of 

environmental fluctuations), and with three values of the fitness 

boost (colour dash lines) obtained in the original model of Grove 

(2011, figure 3). Colour dots, squares and triangles represent the 

mean time to fixation in the current study. 
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An additional series of runs was undertaken to further confirm the causal pattern 

behind these findings (see Appendix D. Development Notes) focusing on the key 

question: why is migration decreasing the time to fixation for versatilists?  

One possible explanation is that migration decreases some of the competition, 

leaving more space for the remaining population to reproduce. If this process 

affects specialists slightly more than versatilists then we should see an increase 

in the diversity of the population and faster time to fixation for the versatilist 

gene. This effect may be amplified by the fact that the frequency of agents with 

specialist genes in the migration wave fluctuates more intensely as a response to 

environmental change compared to the versatilists.  

To test whether the propensity of specialists to migrate may be the reason 

behind the faster fixation rate of the versatilists, Experiment 2c (population 

growth and migration switched on) was rerun but this time with the function used 

to determine the probability of migration reversed. In the original setup 

individual fitness was negatively correlated with the probability of dispersal (! >
0, see eq. 7). That is, the least fit agents were the most likely to migrate. 

Reversing the function (! < 0) means that the fitness of an agent becomes 

positively correlated with their probability of migration so that the higher the 

agent’s fitness the higher its chance of migrating. Since the fitness of the hot and 

cold specialists are symmetrical (see Figure 5.3), we should see little to no 

change in the results as the impact of their migration on the versatilists should 

be similar. This is in fact the case: the results with positive and negative values of 

k are almost identical (Figure 5. 10). 

This set of experiments highlights the special situation found at the front of a 

dispersal wave. Here, the selection pressure normally strongly favouring 

organisms optimally adapted to the local conditions, i.e., specialists, is 

significantly weakened. In the initial population, far removed from the carrying 

capacity ceiling and where migration regularly removes a significant part of the 

group, genetic diversity is easier to maintain since the forces acting on the 

population are more forgiving. This is particularly important for organisms with 

versatilist genes, who are better adapted “in the long run”, but whose fitness is 

almost always below that of one of the specialists (Figure 5.3). Finally, the higher 

diversity of adaptations increases the resilience of the population because as the 

conditions change it still contains members preserving features beneficial in the 

new environmental regime.  
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Figure 5-10 Experiment 2c run with k<0 (migration probability negatively 

correlated with individual fitness) compared to the original 

setup of k>0 (right).  
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5.4.2.3 Experiment 3: Who is dispersing? 

The aim of the third set of experiments featuring a population in a single location 

was to record which agent type was most likely to migrate and to determine the 

differences in the composition of the migration wave at different times. In order 

to investigate these questions, the simulation was run with the population growth 

and the migration functions enabled (the same setup as experiment 2c) and the 

number of migrating agents of each type and those staying put was recorded 

every 10 time steps (5 times per full environmental cycle). 

Figure 5.11 shows the proportion of each gene in the dispersing population 

relative to its proportion in the original population throughout a full extent of 

each run for a set of chosen scenarios (v=0.001 and α=(0.6, 0.7, 0.8, 0.9). Note 

that α = 1 - γ). Each fine line represents a separate run (i.e., a different seed), 

while bold lines depict the aggregated mean value of all runs (100 different 

random number seeds). In all scenarios agents with specialist genes show a much 

higher range of fluctuations. In general, a low amplitude of environmental 

fluctuations (i.e., higher alpha values) triggers less pronounced changes in the 

composition of the dispersing wave than environmental regimes with more 

pronounced changes (Figure 5.11, compare the y-axis).  

Not surprisingly, hot specialists are overrepresented (values over 1) in the 

dispersal wave during periods of cold conditions while cold specialists during 

periods of hot conditions. Their population size is still high from the period of 

‘favourable’ conditions while the migration pressure on them steadily increases 

since they are now below the average fitness. In contrast, there is a strong 

difference in the frequency of the versatilist gene throughout the run. At the 

beginning of the simulation (5.12), when the absolute number of versatilists in 

the population is low, the frequency of the versatilist gene in the dispersing 

population has a significant lag, that is, grows slowly from the position of 

‘underrepresented’ to ‘overrepresented’ in the dispersal wave. This is followed by 

a rapid drop around the time where the conditions switch from hot to cold (Figure 

5.13). This pattern flattens during the run as the population of versatilists grows 

and the fluctuations in the dispersing group become less significant compared to 

the total numbers of versatilists in the population (Figure 5.14). See Appendix D. 

Development notes for a more detailed breakdown of the results, including part 

of the parameter sweep not presented here. 
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Figure 5-11 Results of experiment 3.  

  The relative proportion of agents with each gene (blue: cold 

specialist, red: hot specialist, green: versatilist) in the migratory 

wave compared to the general population plotted for different 

environmental regimes (represented by alpha). The x-axis: time 

(in tens of time steps). The y-axis: frequency of each gene in the 

migratory wave divided by its frequency in the population. 

Values over 1 indicate that agents with the gene are 

overrepresented in the dispersal wave while values under 1, that 

they are underrepresented. If the value is one, the frequency of a 

gene in the migratory wave is equal to its frequency in the 

general population. 
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Figure 5-12 Results of experiment 3. A ‘zoomed-in’ fragment of figure 5.11.  

  Only the first quarter of the simulation is depicted. Note the sine wave in the background indicating the change in 

environmental conditions. 
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Figure 5-13 A ‘zoomed-in’ fragment of figure 5.11 (alpha = 0.8, time: 10-25) 

showing the fluctuations of the frequency of different genes in the 

migratory wave in respect to the proportions present in the original 

population.  

 

When aggregated over the course of the simulation run the results indicate that the 

specialists are slightly overrepresented in the migratory wave (up to 4% higher), while 

the versatilist gene is underrepresented (5.15). That means that there is a small 

tendency for the specialists to migrate more readily than versatilists. Over the course of 

the full simulation run these small differences add up. In addition, this finding further 

confirms the interpretation of the main result of experiments 2a, 2b and 2c: migration 

decreases the time needed for versatility genes to fixate in the population because 

specialists are removed from the cell at a slightly higher rate, which gives versatilists 

more ‘space’ to expand in the population and increases their overall representation in 

the population. 
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Figure 5-14 Results of experiment 3. A ‘zoomed-in’ fragment of figure 5.11.  

 Only the third quarter of the simulation is depicted. Note the sine wave in the background indicating the change in 

environmental conditions. 
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However, this does not answer the question of who is dispersing. The 

overrepresentation of specialists in the dispersing population is very low (usually 

2-3%), hence the dispersal wave closely mirrors the composition of the original 

population (Figure 5.16a and 5.16b). That is, if the population is dominated by 

agents carrying a specific gene, the migratory wave will reflect these proportions. 

Thus despite the simple rule ‘the least fit individuals’ have the highest probability 

of migrating the dispersal wave may consist predominantly of agents with the 

lowest probability of migrating.  

To illustrate this point with a hypothetical scenario: imagine a population of 100 

agents dominated by hot specialists (90 out of 100 agents). Even a relatively low, 

for example 10%, migration probability will result in 9 hot specialists leaving the 

cell (on average). In contrast, if the cold specialists have a high probability of 

migrating, say 50%, but their number in the population is small, say 2 in 100, 

then their share in the migratory wave will also be small (1 agent on average).  

 

Figure 5-15 Aggregated results of experiment 3.  

  The proportion of the specialists and versatilist genes in the 

migration wave in respect to their frequency in the general 

population. A result equal to 1 would indicate that the original 

and dispersing population are identical. Values over 1 

demonstrate that the gene is overrepresented (there are more of 

them in the dispersing population than in the original one) and 

vice versa.t 
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Figure 5-16 The composition of the population size and the migration wave.  
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5.4.3 Discussion: Experiment set 1 

The main findings of the first set of experiments are: 

1. Migration decreases the time it takes for versatilist features to evolve in 

the population; 

2. Agents with specialist genes are underrepresented in the migration wave 

during the times of favourable conditions and overrepresented when the 

conditions take a turn for the worse.  

3. In contrast, agents with versatilist genes follow a more complex pattern 

characterised by a slow rise and sudden drop from ‘over-’ to ‘under-

represented’ at the turn of the environmental conditions.  

4. Over the course of the simulation, specialists are marginally 

overrepresented in the dispersal wave, while versatilists are 

underrepresented. The largest difference occurs in the most rapidly 

fluctuating environmental regimes.  

It is often argued (Chapter 2, secation 2.3) that hominin dispersals were enabled 

by a cultural, social or an evolutionary “advance”, be it a development in tool 

technology, use of new forms of material culture replacements for bodily 

adaptations (e.g., fire, clothing) or other adaptive changes, for example, in 

subsistence strategies. This family of conceptual models imply an increase in 

behavioural plasticity, that manifests itself in ‘more advanced’ behaviour, 

occurring just before a dispersal event. The results of this study reverse the 

causality of such scenarios. It is migration that creates room for an increase in 

diversity in the population and promotes the evolution of versatilist adaptations. 

The more severe the environmental fluctuations the faster this process occurs as 

the population of specialists is more intensively perturbed by the fluctuating 

climate and the impact of migration on their numbers is more pronounced. 

It is important to note that these results hold true even if the migration algorithm 

is reversed. Initially it has been assumed that the probability of migration is 

negatively proportional to the fitness of an individual (that is, the lower the 

fitness the higher the chance of migrating). This is supported only by 

circumstantial evidence (Bartolucci et al. 2013) and the opposite could equally be 

argued. However, the results of runs where higher fitness means higher chances 

of migrating are the same.  
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The second set of findings concerns the composition of the dispersing wave as it 

aims to answer the research question: who is migrating and when? The results 

provide no straightforward answer as all genotypes migrate, although at different 

rates. Neither was it expected that the migration wave would be composed 

exclusively out of one type of organism (e.g., only versatilists) because of the 

stochasticity in the model (even agents with a low probability of migration may 

still migrate, although this situation will occur less frequently). However, what 

seems to be the dominant factor in determining the makeup of the front of the 

dispersal is the composition of the population in the origin cell. That is, the 

proportion of each type of agent in the original population largely determines the 

composition of the migratory wave.  

Therefore, it is unlikely that the front of any dispersal wave will be composed of 

individuals with novel adaptations as their absolute numbers in the original 

population are too low to significantly contribute to the pool of migrants. Instead, 

as they become more established, the number of agents with versatilist 

adaptations taking part in the dispersal becomes linearly proportional to their 

prevalence in the population and largely independent of the frequency or severity 

of environmental changes.  

This again stands in stark contrast to the models of hominin dispersals driven by 

advances in material culture or social evolution proposed previously, in which the 

bearers of more advanced features colonise new regions. Equally, the scenario 

where the ‘more advanced’ part of the population ‘push out’ individuals and 

groups with less sophisticated toolkits seems unlikely in light of these findings 

(Chapter 2, section 2.3). In contrast, the results of this set of experiments 

suggest that the processes involved in the evolution of behavioural plasticity are 

more subtle and act over longer time scales. It is small imbalances in the 

proportions of individuals of each type that over time cumulate into robust global 

patterns.  

  



Chapter 5: Variability Case Study 

175 

5.5 Experiment Set 2: Dispersal on a one dimensional 

string of cells 

Given the scale of the first Out of Africa dispersal, topographic and environmental 

barriers and corridors are a non-negligible force shaping the migration (e.g., 

Callegari et al. 2013; Field and Lahr 2005). The aim of this set of experiments is 

to determine what, if any, effect barriers and corridors may have on the 

composition of the dispersing population. By measuring the genetic makeup of 

the population before and after a barrier/corridor we will address the following 

research questions:  

• Is there a difference in the frequency of versatilist genes before and after 

an environmental barrier or a corridor? In other words, are environmental 

barriers/corridors conducive to a spatially structured aggregation of 

behavioural plasticity in a population? 

• Does an environmental barrier/corridor have an impact on the rate of 

versatilist gene fixation in the population?  

Answering these questions should, in turn, shed light on the feasibility of 

identifying geographic locations where a higher level of behavioural plasticity 

related to the dispersal is expected. For example, if environmental barriers act as 

population filters leading to a concentration of versatilists in areas directly 

following or preceding such barriers then we would expect higher rates of 

technological (and other) innovation in regions at the junction of environmental 

zones, mountain chains, etc.  

It is also worth noting that in the first set of experiments agents leaving the cell 

were removed from the simulation. In contrast, in this set of experiments the 

population is constantly dispersing creating a migratory wave. This means that 

despite the use of the same algorithms, the dynamics of the simulated system 

will differ significantly from the previous set of experiments.   

5.5.1 Experiment Design 

In this set of experiments the world is one dimensional. The agents start from the 

leftmost cell and disperse to the right along a chain of cells (Figure 5.17). The 

corridor/barrier cell(s) is/are located half way along the chain. The reproduction 

and dispersal procedures follow the same steps as in the previous experiments 

reported in this chapter, except that the migration target cell is always the cell to 
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the right of the agent’s current cell. This means that the dispersal is 

unidirectional, exclusively from left to right (west to east).  

 

 

Figure 5-17 A schematic representation of the Experiment Set 2 setup.  

  The agents departing from the PoO (Point of Origin) eventually 

reach a cell with a) higher level of carrying capacity (corridor 

cell) or b) lower level of carrying capacity (barrier cell).  

 

A barrier is defined here as any obstacle interfering with the flow of the 

migration. In the context of hominin migrations a dispersal barrier would be any 

area of environment they were not fully adapted to since it would require a period 

of behavioural shift to efficiently harvest the energy available in the newly 

encountered environment. Defined as such, the concept of a dispersal barrier is 

consistent with a grid cell where the carrying capacity (defined as the number of 

agents the cell can support given their level of adaptation) is lower than the base 

level carrying capacity. Consequently a corridor is modelled as a cell with carrying 

capacity higher than the base level.  

Table 5.5 summarises the values used for initialisation. The world is composed of 

20 or 100 cells depending on the experiment and the barrier/corridor is 

composed of 1, 3 or 10 cells. Since the runs are much shorter than in the 

previous experiments the initial environmental conditions are randomised. Thus 

each run starts from a random position on the sine curve (in addition, a 

sensitivity analysis was also performed controlling for the starting conditions, see 

Appendix 4. Development Notes). The initial population is composed of equal 

proportions of hot-specialists, cold-specialists and versatilists (100 individuals 

each). To adjust the migration rate (see eq. 7) to the size of the world, it was 

reduced to 10%. This retards migration, removing the need to extend the world 

into a longer chain of cells. The composition (frequency of each gene) of the 

population is recorded in the first ‘origin’ cell (the left-most cell), the cell to the 

left of the barrier/corridor cell, the cell directly to the right of the barrier and at 

the last cell (the rightmost cell).  
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There are different ways in which the composition of the dispersing population 

could be measured. For example, the makeup of the dispersing wave could be 

recorded at different points in time:  

• When the first agent reaches the barrier/corridor cell, so that only the 

initial population is recorded;  

• Throughout the simulation run, averaging frequencies over the time span 

of the simulation.  

To include the effect of the migration on the composition of the population, data 

collection was carried out at the cells directly to the left and to the right of the 

barrier/corridor. However, in order to compare the population that crossed the 

barrier to a ‘pristine’ population where no inward migration has taken place the 

composition of the group at the first ‘origin’ cell was also recorded.  

 

World’s dimensions 20 × 1, 100 × 1 

No of alleles 6 

Initial population 33% cold, 33% hot, 33% versatilist 

Initial population 
composition 

100 hot specialists + 100 cold specialists + 100 versatilists 

CC base level 1000 

CC corridor/barrier Base level × 10, base level × 0.1 

corridor/barrier size 1 cell, 3 cells, 10 cells 

Time steps per cycle 50 

Population growth 1% per annum 

Migration rate 0.1 

Migration Always to the right. 

Fitness boost, v 0.0001, 0.001, 0.01 

Alpha, � 0.60, 0.65, 0.70, 0.75, 0.80, 0.85, 0.90, 0.95 

Number of seeds 100 

Table 5-5 List of parameter values and tested ranges used in the 

initialisation of Experiment Set 2.  
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5.5.2 Results  

The following experiments were undertaken, to collect resulting data in different 

ways and under differing environmental regimes (amplitude of climate 

fluctuations, α): 

Experiment 1: Compare the composition of the population at cells immediately 

before and after the barrier. The run stops when the first cell beyond the barrier 

is reached so only the initial population is recorded. 

Experiment 2: Compare the composition of the population at cells immediately 

before and after the barrier throughout the run. The run stops when the end of 

the world (10 cells further on) is first reached. 

Experiment 3: Compare the versatilist's time to fixation on the final cell of the 

world between runs with and without a barrier.  

Experiment 4: Compare the composition of the population at cells immediately 

before and after the barrier throughout the run. The run stops when the 

versatilist fixates in the last cell. 

Experiment 5: Compare the composition of the population on the first “origin” 

cell and the first cell beyond the barrier throughout the run. The run stops when 

the agents first reach the last cell. 

Experiment 6: Compare the composition of the population on the first “origin” 

cell and the first cell after the barrier for a larger barrier (3 cells instead of 1 cell). 

The run stops when the agents reach the last cell. 

Experiment 7: Compare the composition of the population on the first “origin” 

cell and after the barrier for a larger world (100 cells) and a larger barrier (10 

instead of 1 cell). The run stops when the agents reach the last cell. 

To compare the composition of the two populations, before and after the 

barrier/corridor, the frequencies of each gene at the pre-barrier cell were 

subtracted from the frequencies at the post-barrier cell. Negative values indicate 

that the gene is overrepresented while positive that the gene is 

underrepresented. Finally, if the values are close to zero or at zero, there is little 

or no difference between the make-ups of the two populations. The distribution 

of results have been visualised as box plots (Figure 5.18).  

Despite the wide parameter sweep none of the experiments gave significant 

results (for a detailed breakdown of all results see Appendix D. Development 
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Notes) indicating that barriers, defined as areas of lower carrying capacity for 

hominins, did not play a significant role in structuring the composition of the 

dispersing population.  

Figure 5.18 shows two examples of results. The values for all genes in runs with 

different environmental regimes and using two different methods of collecting 

data all oscillate around 0 without any distinguishable trends. In addition, not 

only do the mean values fall very close to zero, but also the variability in the 

results is limited (values do not exceed max. ±0.25) indicating than this is a 

robust pattern. Equally, there are no significant differences between the two 

specialist genes and the versatilist gene. The amplitude of the environmental 

conditions (the value of α) also did not show any impact on the results.  

This suggests that under conditions imposed in this simulation an environmental 

barrier, defined as an area of lower carrying capacity, does not affect the 

composition of the dispersing population in any significant way. What is more, 

this effect is both short and long-term, meaning that neither is the initial 

population at the front of the dispersal wave different from the one behind the 

barrier, nor does the barrier impose a lasting effect on the composition of the 

population over longer time. One possible explanation for this apparent lack of 

pattern is that dispersal is fast compared to genetic change and that might mean 

that genetic differences did not have time to arise in the time taken by the 

population to cross the relatively small space being modelled here. However, this 

condition would equally apply in the real world.  

The results are surprising given the long standing (and entirely plausible from a 

common sense point of view) assumption that environmental barriers must have 

been a significant factor in shaping the composition of the dispersing groups 

(e.g., Smith et al. 2009). This is not to say that they did not affect the dispersal 

routes or the pace of movement since these characteristics of the dispersal wave 

have not been tested here. However, it seems that under the conditions imposed 

in this simulation, the population prior to crossing the barrier and the one found 

immediately after are indistinguishable in terms of their genetic makeup.  

However, the pattern revealed here indicates that when both population growth 

and migration are at play, the former outcompetes the latter in terms of the 

impact on the composition of the population. Further work may reveal that 

mechanisms and factors not modelled here structure the composition of the 

dispersing population but for now, the idea that environmental barriers is one of 

them should be treated with caution.  
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Figure 5-18  Two examples of the results.  

  A) Experiment 6. Difference in the frequencies of hot, cold and 

versatilist (red, blue and green respectively) genes on the first 

‘origins’ cell and the cell directly past a larger barrier. B) 

Experiment 2. Difference in the frequencies of hot, cold and 

versatilist (red, blue and green respectively) genes at cells 

directly before and after the barrier. The boxplots represent the 

distribution of results aggregated from 50 seeds. The x axis 

shows the amplitude of environmental fluctuation (α = 0.60, 0.70, 

0.80, and 0.90). 
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5.6 Discussion and conclusions 

Hominin-environment interaction has been an important topic in human origins 

studies their complexity has been widely acknowledged. One of the models 

addressing it, the Variability Selection Hypothesis, proposed that during periods 

of rapid climatic and environmental fluctuations hominins evolved a particular set 

of adaptations to deal with change rather than any specific conditions. These 

adaptations termed ‘versatilism’ or ‘behavioural plasticity’ constitute the 

backbone of the set of features defining humans, such as our dependence on 

culture and social environments, and are therefore of primary interest to 

archaeologists.  

In this study, the framework of the Variability Selection Hypothesis was used to 

investigate the relationship between climate fluctuations, evolution of 

behavioural plasticity and dispersal. This was undertaken within a formal 

computational framework of agent-based modelling. In this model I looked at 

changes in a population of heterogeneous agents with a variable genetic makeup 

consisting of specialist (hot or cold) and versatilist genes. The population was 

subjected to fluctuating environmental conditions which determined the fitness 

of each individual. In each time step agents reproduced and migrated.  

In the first set of experiments, featuring a single population, agents reproduced 

within one cell out of which they could migrate. The results demonstrated that 

the process of migration significantly increases the rate of evolution of versatilist 

adaptation in the population compared to a scenario in which the population 

cannot migrate. In addition, it was determined that over the full course of a 

climatic cycle versatilist genes are marginally underrepresented in the dispersing 

population. Since a slightly (up to 4%) higher proportion of specialists migrate, 

the versatilists benefit by being more represented in the population that remains. 

Also, the diversity of the population increases enabling versatilist genes to 

establish themselves in the population more readily and to eventually outcompete 

other genes. This is particularly pronounced in scenarios with a higher amplitude 

of environmental fluctuations.  

In a wider sense this study provides a formal description of a possible mechanism 

behind the coupling observed in the timing of dispersal events and significant 

changes in hominin adaptive features, such as stone tool technology, use of fire, 

more efficient subsistence strategies, such as hunting and evolution of social 

networks, etc. The existence of such mechanism has been previously hinted at or 

implicitly assumed by many archaeologists (e.g., Carbonell et al. 1999; Foley 
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2002; Grove 2011; Shea 2010) but the exact interdependencies remained 

unknown.  

These results underline the particularity of the situation at the front of a dispersal 

wave. Here, the two processes of population growth and migration ease off some 

of the selection pressure that would normally favour specialists. As a result, the 

versatilist genes are more likely to take hold in the population and the evolution 

of behavioural plasticity is more rapid than under “normal” conditions.  

The Variability Selection Hypothesis demonstrates a clear advantage to 

behavioural plasticity - higher resilience in the face of changing environmental 

conditions. However, this raises an important question: why are not all organisms 

versatilists? After all, they were all subjected to strong climatic fluctuations 

during the Pliocene and the Pleistocene as were the hominins. Although Potts 

argues for a general shift in generalism and versatilism among many genera 

during the Pleistocene, it is only certain hominin taxa for whom the versatilist 

adaptations became dominant. The results presented here hint at one possible 

explanation. Despite their inherent advantage over long time periods, in the 

short-term a versatilist adaptation commands a high price - a suboptimal level of 

adaptation to the current conditions. Since evolutionary forces work on the ‘here 

and now’ rather than on potential future states it is only under the specific 

conditions of limited competition and lowered selection pressure that versatilist 

adaptations can establish themselves in a population. Dispersal events present 

one such opportunity - not only is the dispersing population far from the carrying 

capacity ceiling but also part of it is regularly removed further lessening the 

demographic pressure. As such, dispersal increases diversity of the original 

population and as a result boosts its resilience during periods of environmental 

change.  

In sum, dispersal is recognised here as a potentially important factor in the 

evolution of key characteristics of humans. In contrast to previous conceptual 

models, which saw it as a consequence of evolutionary ‘advancements’, we 

describe its critical role in the emergence of behavioural plasticity and its 

manifestations.  

The second set of experiments tested the impact of environmental barriers on the 

composition of the dispersing population. Under a wide parameter sweep and 

several data collection methods no significant difference between the populations 

prior to and beyond environmental barriers was detected. This indicates that, 

under the conditions imposed in this study, areas of lower carrying capacity make 
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no noticeable impact on the composition of a dispersing population. This stands 

in contrast to the common interpretation of topographic and other barriers as a 

significant force shaping the composition of the dispersing hominin groups. 

Future work should further explore this unanticipated result, perhaps 

incorporating an additional environmental change (e.g., conditions change from 

‘hot’ to ‘cold’ at the barrier).  

Finally, simulation was used here in its capacity for theory building, that is, 

establishing the causal relationships between the elements of a system. In this 

study, the interdependencies between different mechanisms and elements of the 

simulated systems turned out to be far from intuitive, contradicting many 

convictions forming the current academic consensus. This demonstrates that 

even simple abstract models consisting of a minimum number of elements and 

following very simple rules can reveal the complex interactions between different 

evolutionary forces. 

 

 

 





Chapter 6:   Discussion and Conclusions 

"The universe cannot be read until we have learned the language and 

become familiar with the characters in which it is written. It is written in 

mathematical language, and the letters are triangles, circles and other 

geometrical figures, without which means it is humanly impossible to 

comprehend a single word. Without these, one is wandering about in a 

dark labyrinth." Galileo Galilei, 1623. 

 

 

Even in the times of Galileo scientists considered mathematics as a language. And 

as a language it can be used to describe everything and anything: the simple, the 

complex, the present and the past. In fact, it is a language designed specifically 

in order to describe the world in clearly defined, unambiguous terms, which can 

be used to build complex explanations without losing track of all the 

relationships and processes affecting the phenomenon in question.  

In this dissertation I have investigated the topic of Pleistocene hominin dispersal 

using this particular language to see whether this approach can bring new 

insights into this complex, multidimensional past phenomenon. The two 

overarching aims of this research were: 

1. To investigate in the formal, quantitative environment of a computer 

simulation some of the possible mechanisms that propelled, limited and 

shaped Pleistocene dispersals and to examine the role and impact of 

specific factors on the feasibility, form and timing of early hominin 

dispersals, such as population dynamics, environmental fluctuations and 

the evolution of behavioural plasticity. 

2. To evaluate the potential of computational modelling for archaeological 

applications within the context of Human Origins studies and to provide a 

clear description of the methodology including guidelines for best practice 

aimed at archaeological audience. 

To that end, I have collected data related to the process of extending hominin 

home ranges over new territories to sketch out the general picture of the first Out 

of Africa dispersal on the basis of the available evidence. I have also looked at the 

conceptual models related to this process and chosen a number of them for more 

methodologically rigorous testing. These conceptual models were formalised into 
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formal ontologies and translated into computer code, that is, a computer-

readable form of mathematical notation. By running these models we have 

learned what predictions (including data predictions) are implicitly contained in 

the verbally described conceptual models (hypotheses), which, in turn, could be 

then compared with the available data and with the current academic consensus 

regarding the importance of different factors that affected hominin migrations.  

In itself, this is not a novel methodology in science. On the contrary, this is one of 

the standard routes in the scientific process. Nevertheless, it marks a radical 

departure from the methodology most commonly used in archaeology, which 

usually consists of the following steps: 1. Data collection, 2. Pattern recognition, 

3. The interpretation, i.e., development of a conceptual model that can explain 

the described patterns. It has been argued throughout this thesis that this 

methodology, while not being faulty or incorrect, falls one step short from 

matching a full scientific process. This one step is model formalisation and 

testing. In other words, what is missing in archaeological methodology is the 

phase where conceptual models (the ‘interpretations’) are validated: the phase 

where one checks whether the proposed processes could, in fact, produce the 

data pattern they are claimed to have produced.  

It has been argued in the introduction to this thesis that this relatively minor 

shortcoming of current archaeological practice has had disproportionally negative 

consequences leaving many of the areas of human origins research stuck in 

unresolvable debates where different research groups present equally plausible 

and convincing, yet mutually contradictory models to explain the same observed 

data patterns. The main objective of this thesis, therefore, has been to evaluate a 

potential tool for resolving such stalemates and moving the discussion forward.   

In order to evaluate the potential of simulation modelling for the field of human 

origins, the two case studies developed in this thesis focused on some of the 

most topical research areas in the studies of hominin dispersals: the interaction 

between migration, population growth and technological change, and the 

relationship between migration, climate change and the evolution of behavioural 

plasticity. As described in chapter 2, section 2.3 the number of conceptual 

models proposed to explain the phenomenon of the Movius Line and the possible 

drivers of the first Out of Africa dispersal are vast. They have been subjected to 

thorough academic scrutiny and deemed plausible at face value given our 

knowledge of hominin ecology and the data associated with the dispersal. At this 

stage, it would be difficult to establish, using solely conceptual modelling, what 

would be their actual data predictions and whether these are consistent with the 
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existing data. A confounding factor is that most of these models do not consider 

the implications of processes that were likely to be acting upon hominin 

populations at all times, such as, for example, population dynamics or constantly 

shifting environmental conditions. The interaction of such background processes 

with the ones proposed in conceptual models (such as, the impact of zoonotic 

diseases or the dispersal) are too complex to be considered verbally since it is 

beyond human mental capacity to keep track of their constant interactions. Thus, 

this thesis presents one of the earliest attempts at marrying the base 

environmental and evolutionary model of a mammalian species with some of the 

hypotheses regarding early hominin dispersal. The functioning and validity of 

each of the tested conceptual models was tested while assuming that processes 

they proposed were not the only ones impacting the lives of early hominins.  

Although the notion that hominins were subject to demographic laws at all times 

or that climate was changing during their evolution are not controversial, the 

result of feedback loops between these different systems has never been formally 

explored. This is an important aspect because much research effort has been 

devoted to establishing the size of hominin population at different times and the 

environmental conditions in which they lived. What is now needed is a better 

understanding of how these basic mechanisms acted on hominin groups, so that 

other models can be built upon them. This thesis has strived to achieve that.  

In the following sections I will first briefly summarise the results and then discuss 

their implications for the broader context of Palaeolithic archaeology and the 

methodology of archaeological practice. The final section will sketch out a 

number of possible extensions and further directions to this work. Finally, wider 

implications of the undertaken research will be summarised.  

6.1 Summary of findings 

In terms of the general contribution to archaeological research, the results of the 

two case studies presented here have added to our understanding of the topic of 

hominin dispersals by exploring and testing previously proposed conceptual 

models of hominin dispersals. The results of the developed simulations have 

directly countered theorised predictions of at least four published models (the 

gradually thinning front of the first Out of Africa dispersal, the importance of 

zoonotic diseases, the impact of straits in hominin dispersals, the increase in 

behavioural plasticity being the prime cause for dispersal rather than its result) 

and have helped to expand and unravel the causality in a prominent conceptual 
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framework (the variability hypothesis). More detailed findings are described 

below followed up by a more general discussion of their implications.  

6.1.1 Data analysis 

The overview of the available data (Chapter 2) in the form of a set of distribution 

maps showed broad patterns in the first Out of Africa dispersal. To this end, a 

catalogue of archaeological sites was compiled consisting of their location, dating 

and lithic assemblage type. Rather than presenting a comprehensive gazetteer of 

Lower Palaeolithic sites worldwide, it focused on collecting the sites most likely to 

be related with the first Out of Africa dispersal and subsequent dispersal waves 

from a maximum number of regions. This data was then used to compile a series 

of maps visualising the changes in the extent of the hominin range over time 

while taking into account the uncertainties related to the data.  

The patterns revealed include the very rapid early expansion in the eastward 

direction and the importance of the great arc of dispersal stretching between East 

Africa and Southeast Asia. A number of key regions have been identified with 

high potential for informing our understanding of hominin dispersals, the most 

prominent among them being: The Middle East (including the Arabian Peninsula), 

and Central Asia.  

This analysis also exposed the limitations of the data, in particular its uneven 

spatial and temporal spread. This uneven spatial and temporal coverage of the 

data points and the chronological resolution of the dates mean that currently 

there is little hope of detecting any more fine-grained data patterns than those 

visible on a continental scale. As a result it would be difficult to address many of 

the currently debated research topics or assess the plausibility of previously 

proposed conceptual models and frameworks only on the basis of the existing 

empirical evidence.   

6.1.2 The Movius Line case study 

In the Movius Line case study (Chapter 4) the main research question focused on 

whether we can expect a decrease in population density proportional to an 

increase in the distance from the point of origin of the first Out of Africa 

dispersal; that is, under what conditions the dispersal could take the form of an 

extended thinly populated front resulting in a demographic disparity between the 

Oldowan and Acheulean regions - a data pattern known as the Movius Line. The 

simulation demonstrated that, under the conditions and assumptions imposed on 
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the model, the scenario in which the dispersal wave is structured in the form of a 

long thin, feathered front and dense, highly populated core area seems unlikely. 

Equally, under a wide sweep of realistic parameter values, the model showed no 

differences between the Mode 1 and Mode 2 areas in terms of population density, 

suggesting that the null hypothesis should be rejected.  

Instead, rather than reflecting the distance from the point of origin, the 

population density closely mirrored the carrying capacities of the underlying 

biomes. This is because population growth outstrips other processes meaning 

that the front of the dispersal wave remains steep. The differences between 

population densities of different regions are determined almost exclusively by 

their carrying capacity (here understood as a maximum number of individuals 

that can occupy an area given their adaptation capacity) rather than their distance 

from the origin point of the dispersal. Therefore, the model has highlighted the 

close match between population density and the type of biome occupied by 

hominins. This conclusion indicates that the most effective direction of future 

research would be large-scale environmental reconstruction of the key regions for 

hominin dispersal. 

In addition, the simulation was used to assess another conceptual model arguing 

that hominin groups were particularly successful outside of the tropical belt 

because they escaped the population growth curbing factor of zoonotic diseases. 

The impact of this factor turned out to be insignificant as even without it the local 

populations reached their carrying capacity more rapidly than the resolution of 

our dating techniques. Similarly, the impact of short water crossings (sea straits) 

on the final shape of the dispersal wave turned out to be minimal contrary to 

widely held perception of the importance of strait crossing during the first Out of 

Africa dispersal.  

6.1.3 The Variability case study 

The Variability case study (Chapter 5) has shed light on the internal dynamics of 

the adaptive composition of hominin groups and the impact of the dispersal 

process on their evolution. It demonstrated how dispersal enables behavioural 

plasticity to rapidly evolve in the population in particular during times of rapid 

climatic fluctuations. Similarly to the first case study, it has also contradicted a 

number of conceptual models, which argued that it was an increase in hominin 

behavioural plasticity that enabled the Out of Africa dispersal (e.g., the 

technological model of dispersal, Chapter 2, section 2.3.2).  
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In contrast to the Movius Line case study, the second case study focused on the 

microscale of individual adaptations. In particular, it addressed the question of 

the relationship between the evolution of behavioural plasticity and dispersal 

events occurring against the backdrop of constantly shifting environmental 

conditions. In addition, it has inspired a research question that, to the best of the 

author’s knowledge, has never gained much attention among Palaeolithic 

researchers: who are the migrants?  

The results showed that the answer is far from straightforward since the dispersal 

wave is composed of individuals holding different combinations of adaptations 

and their proportion changes over time. Counter intuitively, the majority of the 

migrants are the organisms with the most optimal strategy at that time, even 

though their probability of migration is lower than that of less fit individuals. 

Here the law of big numbers outbalances simple probabilities. The results of the 

simulation indicate that the composition of the dispersing population mirrors the 

composition of the original population, with a slight correction that specialists 

are marginally overrepresented (up to 4%).  

The simulation has also demonstrated that, under the conditions and 

assumptions imposed on the model, the process of migration significantly 

increases the rate of evolution of versatilist adaptation in the population (i.e., 

behavioural plasticity) compared to a scenario in which the population stays put. 

This finding stands in contrast to previous conceptual models which assumed 

that it was an increase in behavioural plasticity manifesting itself through such 

proxies as advances in lithic technology or changes in the foraging strategies that 

enabled dispersal. This study reverses this causality, arguing instead that 

behavioural plasticity evolved thanks to the dispersal. Also, the model highlighted 

the particularity of the situation at the front of the dispersal wave, where low 

population size and migration ease off some of the selection pressure that would 

normally favour specialist individuals. As a result, the versatility adaptations are 

more likely to take hold in the population and their evolution is more rapid than 

under “normal” conditions.  

6.1.4 Methodological contribution 

In terms of methodological contribution, this thesis presented a clear and 

archaeology-specific account of the simulation methodology (Chapter 3. 

Methodology). Although a number of papers described different simulation 

techniques to the archaeological audience (e.g., Kohler 2012; Cegielski and 

Rogers 2016), the closest descriptions of the actual methodology of simulation 
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research come from ecology (e.g., Railsback and Grimm 2011), geography 

(O’Sullivan and Perry 2013) and social sciences (Gilbert and Troitzsch 1999).  

The goal of this research was to demonstrate the utility and the methodology of 

using formal modelling tools to understand past processes. In particular, it 

focused on evaluating simple abstract models aimed at addressing well-defined 

research questions - often termed ‘explanation models’ (Premo 2010) or ‘theory-

driven models’ (Manhart 2007). This choice of simulation type places this 

research closer to the theory end of the scientific spectrum as compared to most 

of the previous simulation studies of hominin dispersals, which predominantly 

aimed at replicating patterns found in the available data (and which would, 

therefore, fall under the ‘data-driven models’ category). However, at the same 

time, the focus on theory-driven models aligns this research closely with the 

currently dominating practice in archaeological simulation (Lake 2014) making it 

more relevant for the discipline. Although the models developed in this 

dissertation were simple, they have nevertheless revealed unexpected 

interdependencies in the studied systems and enabled formal testing of existing 

conceptual models (hypotheses). Therefore, this research can be treated as an 

argument in favour of a wider use of simulation in archaeology.  

In addition, thanks to their formalism, the two models developed here can be 

replicated, reused, and expanded as well as tested, contradicted and disproved, 

all with the idea of building up our knowledge and understanding of hominin 

dispersals in a cumulative fashion.   

6.2 Discussion: Implications of the results for archaeology 

6.2.1 The Movius Line Case Study 

The quest to explain or even to explain away the data pattern known as the 

Movius Line, is one of the most persistent and long-lasting in Palaeolithic 

archaeology (e.g., Movius 1948; Brumm 2010; Lycett and Bae 2012; Dennell 

2016). Despite the longevity and ferociousness of the Movius Line debates they 

do not seem to be converging or in many cases even moving forward from 

decades-long entrenched positions. The same conceptual models are being 

reiterated and re-evaluated by new generations of archaeologists and little more 

than ebb and flows of ‘fashions’ impact on the perception of which ones are more 

and which are less plausible.  
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The simulation developed in this thesis has tested one particular hypothesis 

aiming at explaining this pattern and concluded that this particular scenario is 

unlikely to have taken place. In doing so it showed a clear methodology of testing 

a hypothesised scenario, which on face value appears plausible and convincing 

but which nevertheless would in fact produce different data patterns than those 

they were supposed to explain. The same procedure could be applied to any 

other of the proposed models (Chapter 2, section 2.3.1.3), with a likely outcome 

of reducing the number of possible interpretations of the Movius Line and in the 

long run focusing on establishing which of the remaining ones is the most likely. 

What the Movius Line agent-based model has not aimed to do was to find the 

actual reason for such a marked and temporally persistent division between the 

Acheulean and Oldowan territories. However, it highlighted the strength of 

population growth as a force shaping hominin demographics. This has more far-

reaching implications to the fast growing branch of archaeology known under the 

name of cultural transmission studies (overview: Mesoudi 2011). 

The exact relationship between technological complexity and population 

dynamics is still unclear. Simulation studies based on the framework of cultural 

evolution indicate that we should expect a clear and linear correlation between 

the number of active users of a given technology and its complexity, where only 

big enough populations can maintain complex and difficult to learn technologies. 

Similar results come from individual experiments on human groups showing that 

smaller groups are more prone to irreversible losses in terms of cultural 

complexity. On the other hand, large datasets combining multiple indicators of 

cultural complexity across hundreds of modern human groups seem to defy the 

expectations showing no relationship between group size and technological 

sophistication. Solving this corundum is one of the most interesting challenges to 

archaeology and anthropology at the moment.  

Having more case studies exploring the interaction between population size and 

technological advancement would be highly beneficial and archaeology is well 

positioned to deliver such case studies. However, a major obstacle is the difficulty 

in establishing the population sizes of past groups and their changes over time. 

With better proxies for measuring the ebbs and flows of population dynamics in 

past societies the cultural evolution studies could acquire more ‘substance’ to 

work on. The Movius Line case study was not designed to ‘solve’ the apparent 

contradiction between abstract cultural transmission studies and the picture 

emerging from the data. However, it assessed the validity of using dispersal to 

estimate population size. According to the current study, one cannot equate a 
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dispersal event with a period of low population density as has been done in the 

past (Lycett and Norton 2010; Shea 2010).  

In the particular case of the Movius Line the results indicate that instead of 

focusing on dispersal as the driver behind the predicted low population size on 

the Mode 1 side of the Movius Line, looking at biome capacity (for example using 

the biomass as a proxy) may be a more fruitful new avenue of research. Also, it is 

worth noting that distance from the original hominin territory may be correlated 

with hominin carrying capacity, that is, areas furthest from East Africa are often 

the ones with the most distinct environment, e.g., Northern Europe and Asia. The 

hominins’ ability to navigate these unfamiliar environments and to extract energy 

from them would have been compromised leading to a lower carrying capacity 

and, in effect, lower population sizes.  

The results presented here support the notion that population dynamics is a non-

negligible factor influencing hominin groups. Ancient demographics are an 

important field of study within archaeology (e.g., Chamberlain 2006) but until 

recently they have somehow been neglected in Palaeolithic Archaeology (cf. 

Ashton and Lewis 2002; Bocquet -Appel and Masset 1981). This is likely because 

of the dearth of common demographic proxies such as necropolises, dense 

settlements, radiocarbon dates or written sources, all of which are commonly 

used to infer the numbers and population structure of ancient societies (overview: 

Chamberlain 2006; e.g., Crema et al. 2016; Timpson et al. 2014; Wilson 2011).  

Nevertheless, more recently, establishing the size of hominin populations has 

been a major focus of Palaeolithic research and a number of proxies have been 

investigated to this end, from the correlation between neocortex size and the size 

of an individual’s group (Dunbar 1993) to detecting the relative effective 

population density from mtDNA (Powell et al. 2009). The work presented in the 

Movius Line case study has also laid the foundations for an analytical framework 

which combines easily obtainable proxy data (environmental information) with 

parameter values derived from modern hunter-gatherer demographics to infer 

population densities in different regions at different points of time in the past. 

Thus, this research adds support to frameworks in which hominin population size 

is estimated on the basis of the ecological landscape (e.g., Bocquet-Appel and 

Degioanni 2013). 
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6.2.2 The Variability Case Study 

The interaction between hominins and their environments has always been a 

focal point of Palaeolithic research. The sheer volume of published research on 

palaeoenvironmental reconstructions via large-scale proxies such as ice cores, or 

dust sequences (Kingston 2007) or more local studies using isotopes, palynology 

and other quaternary science techniques reveals the importance Palaeolithic 

Archaeologists place on climate and climate change. Equally, exploring the 

impact of both spatial and temporal changes to these conditions has been one of 

the major topics in Palaeolithic Archaeology in the last two decades (Chapter 5, 

section 5.2).  

Nevertheless, studies trying to match the environmental record on the one hand 

and major transitions in hominin evolution on the other are scarce. This 

diminishes the utility of producing detailed environmental reconstructions if we 

are unsure what the changes in climatic conditions would actually mean for 

hominin groups. Ecological studies (e.g., Railsback and Grimm 2010; Reynolds 

1987) teach us about the dangers of assuming linear action-reaction between 

climate change and the behaviour of any one species. Thus, it would be naïve to 

assume that having a complete record of all past environmental changes would 

be enough to understand hominin evolution.  

Here, the results of the Variability case study support the notion that the 

interaction between climate change and hominin evolution is far from linear and 

that expecting a straightforward feedback loop between changes in hominin 

behaviour and changes in their environment is unrealistic. Formal models 

focusing on hominin responses to environmental change are necessary to make 

full use of palaeoenvironmental data and to better understand the impact of this 

important force driving hominin evolution. 

The quest for understanding when, why and how the most fundamental of human 

features evolved is at the core of Human Origins studies. These questions are the 

engine behind Palaeolithic research because they touch upon the most interesting 

question of all ‘why are we the way we are?’. When, why and how our ancestors 

became bipedal, developed large brains, invented first tools, became more social, 

started using fire, began creating art. As argued by Landau (1984; Chapter 2, 

section 2.3.2), the narrative used to describe the process of acquiring these 

‘features’ often follows the template of a folk tale. The main character 

deterministically acquires useful ‘gear’ and undergoes ‘useful’ transformations 

along a journey (which in our case is the dispersal). This view on hominin 
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evolutionary trajectory stands in stark contrast to the rules governing the process 

of evolution. The research presented in this thesis provides a differing view on 

the evolutionary processes involved in human evolution, much more closely 

aligned with evolutionary theory.   

The Versatility model has highlighted the far from obvious trajectory of the 

evolution of the versatilitist adaptations. In principle, the behaviours ascribed to 

behavioural plasticity, such as culture, social networks or cognitive advancement 

should always convey a strong reproductive advantage. Similarly, any factor 

giving an individual the ability to quickly adapt to a change in circumstances may 

be expected to replace other types of adaptations. In fact, extinction usually 

occurs as a result of changes in circumstances that the species is unable to offset 

quickly enough. We should therefore see these theoretically invariably beneficial 

adaptations as being spread across the whole of the animal kingdom, obviously 

expressing themselves in ways specific to each species.  

Unless, of course, they carry a penalty factor. At no point in the model presented 

here was versatilism the optimal strategy. In fact, there is always a type of 

organism that surpassed the fitness of individuals carrying a versatility gene. 

Nevertheless, in certain scenarios the versatility gene establishes itself in the 

population and outcompetes other types of adaptation. Thus, this research 

refutes one of the most vocal criticisms of the Variability Hypothesis, namely the 

observation that since evolution works exclusively on the ‘here and now’, a gene 

which confers a potential advantage in the future but not at this moment in time 

is unlikely to survive the process of natural selection. In this simulation, 

versatility ultimately takes over in the population but only under specific 

circumstances of lowered selection pressure. Circumstances that are found for 

example, during the dispersal.  

These results highlight the importance of dispersal as a force impacting human 

evolution but in a very different way than Landau’s folk tale narrative followed by 

most previous conceptual models (Chapter 2, Section 2.3.2). Instead of 

describing the role of dispersal in human evolution as an event enabled by the 

evolution of certain hominin features, this research poses it as an event that 

enabled their emergence. The use of principles of the evolutionary process in 

constructing the model provides a blueprint for testing and evaluating other 

hypotheses related to the origins of the fundamentally human features discussed 

before.  
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6.2.3 Implications for the wider field of archaeology  

The impact of population dynamics, climate change or ancient migrations on past 

societies is still poorly understood in archaeology despite the general academic 

consensus regarding the importance of these processes for past societies.  

The work presented here has highlighted the importance of demographic factors 

on many aspects of early hominin dispersals and supported previous intuitions 

regarding the role of climate change in shaping the history of hominins. Although 

many of the processes simulated in the presented models work on time- and 

spatial scales not commonly used for studying past phenomena in more recent 

time periods, some of the methods and results can easily be translated to case 

studies involving later periods.  

For example, the role of climate change in shaping the history of past societies 

has been behind such diverse research questions as the rise and fall of 

civilisations (such as the Maya or Roman civilisations), the long-term robustness 

of different foraging and agricultural strategies or the timing and range of human 

migrations in the past. The last topic in particular could in many cases be 

approached using the two models developed in this thesis. For example, 

prehistory and later periods have witnessed a number of dispersals, from the 

Neolithic spread over Europe, to the pastoralists’ colonisation of the vast areas of 

Central Asia and beyond or the late Palaeolithic colonisation of the Americas. In 

all these cases, many questions similar to those posed in this research (for 

example, over the importance of changing climate or specific population 

dynamics) remain unresolved. Addressing them would benefit from application of 

formal modelling techniques such as simulation and agent-based modelling.  

Nevertheless, it has to be stressed that the ontologies constructed here contain a 

number of assumptions specific for the reality of hominin life and the scales at 

which these simulations operate. This makes closely related topics (for example, 

other hypotheses regarding the Movius Line) more amenable for implementation 

within the already constructed frameworks. At the same time, the translation of 

the simulations presented here to other research questions or time period would 

be far from straight forward. To reiterate the words of Sterman (2000), we should 

see a research question as a knife that cuts a simulation into a desired shape and 

size. Because of this close relation, each model is unique and reusing it to 

address different research questions requires a focused research effort. What is 

more likely is a ‘pick-and-mix’ type of reuse involving borrowing individual 

simulation elements and solutions rather than an appropriation of the full model. 
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To facilitate this, both simulations have been constructed in a modular fashion, 

extensively documented and made publicly available.  

However, the prime goal and contribution of this research was the introduction of 

the simulation methods into the standard archaeological toolbox. This research 

has illustrated how even the very subtle influence of one process on another can, 

over time, have tremendous consequences, for example, the timing and character 

of hominin dispersal changing the trajectory of human evolution. Equally, the 

necessity of building models extending beyond ‘one factor explains all’ and 

including base processes driving human groups in the past has been repeatedly 

stressed throughout this thesis. The two case studies presented here showcase 

these points, which will be discussed in more detail in the following section.  

6.2.4 Simulation as a tool for archaeological practice 

Despite the fact that the first archaeological simulations were produced in the 

1960s, the discipline did not make as extensive use of these techniques as other 

branches of science did. Thus, despite the limitations of the available empirical 

evidence (see Chapter 1, section 1.2.1), archaeology remained a heavily empirical 

discipline with data analysis occupying the central role in archaeological research.  

One of the aims of this research was therefore to evaluate whether the 

application of such formal theory building methods could compliment and 

support empirical research and whether simulation models can be deemed 

‘useful’. This designation comes from a famous statement by George Box: “All 

models are wrong, but some are useful”. It is worth bringing up the full quote 

here: “For such a model there is no need to ask the question ‘Is the model true?’. 

If ‘truth’ is to be the ‘whole truth’ the answer must be ‘No’. The only question of 

interest is ‘Is the model illuminating and useful?’.” (Box 1979, 3).  

Three features of simulation make them particularly “illuminating and useful” in 

archaeological research contexts: formalism, capacity for complexity and 

bridging theories with data. 

Formalism 

A major step in developing the simulations explored in this thesis was the 

formalisation of the underlying conceptual models (hypotheses) and frameworks.  

Formalisation enables testing of models for logical coherence and enforces a very 

detailed description. The natural language in which most archaeological models 

are expressed gives their authors a lot of freedom but often leaves many 
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elements of the hypothesis underdefined and open to interpretation. This has 

further implications for other researchers’ ability to objectively assess the 

proposed hypotheses. Thus, one of the inevitable by-products of a wider use of 

simulation should be improved academic discourse resulting from more tightly 

specified theorizing, discussion and analysis of model elements and their 

consequences.  

For example, in the Movius Line case study (Chapter 4), simulation was used to 

evaluate the plausibility of a hypothesis arguing that the rapid dispersal away 

from the tropical zones was caused by the lack of zoonotic diseases in the 

northern latitudes. The formalisation of this model showed that the exact process 

of zoonotic diseases affecting hominin groups has not been fully defined. For 

example, the author had to infer what would be a realistic estimate of the 

difference in population growth rate between groups in and outside of the 

tropics.  

The underdetermination of verbal hypotheses is not the only issue counteracted 

by the formalism of computational models. In addition to helping establish the 

major ‘known unknowns’, simulations can also highlight the much more difficult 

to identify ‘unknown unknowns’, which in other circumstances would remain 

outside the research agenda. An example of such a hidden unknown was the 

question posed in the Variability case study: “what are the characteristics of the 

migrants?”. Despite its clear relevance to the study of Palaeolithic dispersals, it 

has received almost no attention so far. Archaeology as a whole could greatly 

benefit from mapping out both types of ‘unknowns’ – the underdeterminations of 

conceptual models and the gaps in our knowledge hidden so deep that the 

community does not even suspect their existence. Thus, the process of 

formulating and implementing a simulation may act as a form of theory building, 

giving rise to new theoretical models.  

Finally, working within a formal computational environment encourages clear 

description of verbal theories accessible to all and removes the need to ‘double 

guess’ what their author had in mind. Without a doubt this makes them more 

vulnerable to criticism but at the same time it ensures that other researchers 

correctly understand the model and can build upon it by focusing on specific 

elements and improving them.    

Capacity for complexity 

It is a common critique of digital methods that the phenomenon of interest to 

archaeology (and humanities) cannot be broken down in constituent parts and 
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analysed using computers. The main rationale for this view is often based on a 

strong belief that human systems are unique in a way that makes them too 

complex and non-reducible. Yet, at the same time, conceptual models proposed 

to explain the archaeological record, for example the first out of Africa dispersal, 

are almost universally simplistic. Something that even their authors admit, usually 

by noting in passing that the driving mechanism of their theory must be one of 

many factors that influenced human groups at the time but without giving any 

details of the repercussions of their mutual interactions. For example, none of 

the models explaining changes in hominin adaptive repertoire (such as the 

invention of a new lithic technology, use of fire, etc.) consider population 

dynamics of hominin groups and the effect of environmental change at the same 

time, even though it is likely that their authors appreciate the importance of 

these factors. This stems from the fact that it is difficult to keep track of the 

interaction between multiple processes, some of which may be operating on 

different scales, for example, genetic change, migration, cultural change, 

population growth, etc. 

Nevertheless, there is a general agreement among archaeologists that the past 

was as complex as the present. It is also common in archaeological theory 

building to list numerous factors influencing a given process or to agree that 

multiple explanations of a phenomenon may be correct. For example, researchers 

often say that migration is a multifaceted process in which environmental change, 

societal structures and physical features may be playing major roles. Similarly the 

ultimate demise of Neanderthals is often attributed to multiple factors acting at 

the same time.  

However, the quantification of the relative importance of each of such factors is 

rarely undertaken. Thus it is difficult to assess the impact of each factor and their 

interactions on the trajectory of change. Was climate change the main driving 

force? Or perhaps the migration would have happened regardless of the 

environmental fluctuations due to specific social processes? Would the 

Neanderthals survive if climate change did not occur at the same time as the 

appearance of Homo sapiens in their territory?  

Simulation can help to address this type of complexity not only by breaking it 

down into its constituent components but also by keeping track of different 

mechanisms interacting in a non-linear way. The results can then be compared to 

see the relative importance of each factor. For example, in the Variability case 

study (Chapter 5), the population growth, and the migrations have been tested 

independently and then together to determine their impact on the evolution of 
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behavioural plasticity. Although population growth had a limited impact on the 

rate of the evolution of versatility, it did influence the overall probability of 

behavioural plasticity taking hold in the population. Such nuanced conclusions 

regarding the dependencies in the system would not be possible without the use 

of computational power.  

Contrary to the human brain, computers have little difficulty with performing 

millions of calculations per second and therefore giving us a detailed picture of 

the effects of multiple parallel processes acting on human and hominin groups. 

This quality of computers has been extensively exploited by other disciplines 

leading to rapid advances. Archaeology could follow this path.  

Bridging theory and data 

Finally, the ability of simulation to test conceptual scenarios by comparing their 

agreement with the data is a unique feature that holds much potential for moving 

forward many entrenched debates in archaeology.  

As described in the previous section, due to the complex nature of the studied 

phenomena it is not easy to correctly infer the outcome of the interaction 

between the many factors that influenced past societies and correctly predict how 

they would have been reflected in the data. As a result, the exact data predictions 

of different conceptual models are often impossible to tease out. Equally, it is 

difficult to establish whether the given hypothesis can be tested using the 

available data at all. 

An example of such a situation is the hypothesised impact of short strait 

crossings on the final shape of the dispersal data footprint. In theory, hominin 

ability or inability to cross via Arabia on the way to Asia or via Gibraltar on the 

way to Europe should have diametrically changed where and when we find the 

first traces of their presence. However, unexpectedly, in the model presented 

here the final shape of the dispersal wave differs only very slightly between the 

runs with straits open and those with straits closed to hominin movement. This 

indicates that the signal may be simply not present in the data consisting of site 

distribution and will have to be looked for elsewhere.  

Modelling as the third leg of the science stool (Chapter 1, section 1.2) enables to 

directly test the implications of theoretical models against the available data. Its 

ability to test and disprove theories using the data is a feature that for a long 

time has been missing in archaeology. The two approaches to theory building 

and testing – the conceptual and the formal paths are shown here as highly 
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complementary. While the freedom of expressing ideas in natural language leads 

to highly creative and original models and allows to represent researchers’ 

intuitions, formal modelling acts as a sieve separating these hypotheses which 

are logically coherent and consistent with the empirical record from those which 

are not and should be either altered or rejected. 

6.2.5 Particularity of archaeological simulations 

Finally, it is worth looking into the particular characteristics of simulation models 

that contribute the most to their ‘usefulness’ in archaeology specifically. As 

described in Chapter 3 simulations can be built and run in many different ways, 

none of which are inherently more ‘correct’ than the other. Many of the decisions 

that have to be undertaken during the development and experiments have 

already been described. I will argue here that there are three features that 

particularly increase the value of a simulation in the context of archaeological 

research: first, the precise definition of the research questions; second, the 

strong grounding in the archaeological context; and third, the effort put into 

understanding the causal chain of events in the simulation runs rather than just 

reporting the results.  

Precise Research Questions 

Early archaeological simulations often tried to encompass “the whole world” in a 

bid to introduce as much realism as possible into their models. In contrast, the 

new generation of archaeological simulations that came of age in the 2000s was 

more often focused on small, abstract models concerned with explanation, rather 

than emulation (Lake 2014; Premo 2010). The research presented here follows 

this trend, which offers a number of advantages. The limited scope of the models 

allows them to be developed quickly and with much flexibility, making the 

development circle (see Chapter 3. Methodology) shorter and easier to work 

through several times before the model is released to the general academic 

audience. Second, if we, yet again, follow the metaphor comparing research 

questions to a knife used to carve the simulation: narrowly defined questions 

make for a very sharp knife. As a consequence, many of the model development 

decisions can be evaluated relatively easily since the clearly defined research 

questions guide the choices. In addition, results of simple models can be traced 

back to their original building blocks with relative ease, making interpretation 

much more straightforward. Finally, the likelihood that another researcher or 

research group replicates the model is higher for more simple models. Thus, this 

research supports the view of van der Leeuw (2016) who recently noted that 
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models should resemble a compound bee’s eye - each of the lenses focuses on a 

narrow area and only together they combine into the full picture. 

This is not to say that the alternative approach, that is large multi-aspect 

simulations, should be dismissed since they do present certain advantages over 

small, abstract models. For example, the ‘artificial data’ they produce can usually 

be compared directly to the ‘real world’ empirical record rather than to a ‘stylised 

fact’ as is usually the case with small, abstract models. What seems to be key for 

ensuring that such models are successful is the availability of good quality data, 

which can be used to parameterise, calibrate and validate the simulation. It is, 

therefore, more likely that Palaeolithic archaeology will benefit more from theory-

driven models, since such high data requirements are rarely met. On the other 

hand, many later periods can draw from some very detailed sources to construct 

more realistic and precise simulations (e.g. the written record).  

Domain context 

The second identified characteristic of simulations that are likely to better serve 

the archaeological community at large is the strong grounding of these models in 

the domain context of the research topic they investigate. This again helps with 

model development as the ‘academic consensus’ can be used to justify certain 

decisions. For example, the exact population growth algorithm and the migration 

procedure used in the Variability case study (Chapter 5) were informed by our 

current understanding of hominin lifeways. Although in theory one can test all 

the possible options in parameter and algorithm sweeps, in practice being able to 

fix the majority of them thanks to the information coming from domain 

specialists is much more practical. Without a doubt many of the assumptions 

presented in any one model may change in the future as our understanding of 

the topic progresses. However, the idea that the current state of knowledge of a 

research topic is, at present, a best possible guess should be the guiding 

principle behind model development.  

Tractability of a simulation 

Third, most of archaeological simulations are likely to fall in the ‘explanatory’ 

category of models, making the tracking of the causal chain of events in the 

simulation an important phase in archaeological model building. In many cases 

simulations serving as ‘black boxes’ are perfectly acceptable, for example if the 

results are used as predictions (e.g., for policy making). However, when the goal 

is to illuminate relationships between system elements and their impact on the 

general functioning of the system, effort has to be invested in trying to 
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understand where the results came from (see Bullock 2015). For example, in the 

Variability case study (Chapter 5) a significant number of additional runs had to 

be performed to determine what is causing the observed pattern of the increased 

rate of evolution of behavioural plasticity in a migrating population.  

This observation has implications for the simulation development process, which 

as a result may significantly differ from other disciplines. Where in operational 

research it may be enough to show that the simulation match past data and 

produce predictions, understanding why the results are the way they are is of 

higher importance in archaeological research. As a result, most of the 

development effort in the former case will be invested in model building, whereas 

in the latter case experiment design and running different scenario is likely to 

occupy the majority of time.  

In sum, there are a number of advantages to using simulation in archaeological 

research over the traditional methodology of constructing narratives in natural 

language. First and foremost, they enforce formalisation of the existing 

conceptual models - a key stage of making them comparable, replicable, testable 

and improvable. Second, they allow for a more nuanced understanding of the 

interactions between the system’s elements. Finally, they allow for evaluation of 

the relative importance of each factor influencing the workings of the studied 

system. As such, they hold great potential for archaeological theory building and 

hypothesis testing and could have a significant impact on general archaeological 

practice.  

In addition, complexity science provides a framework that conveniently marries 

the two analytical levels most commonly invoked in archaeology: the individual 

and the system. Its focus on individuals, agency and relationships, stochastic 

processes and historical contingency should make this theoretical approach close 

to heart for most archaeologists. At the same time, the main lesson that 

complexity science provides is that simple entities, simple behaviours and simple 

relationships can lead to highly complex and often counterintuitive patterns on 

the population-level scale. Thus simple explanations of complex phenomena and 

complex explanations of seemingly simple phenomena can easily escape 

scientific enquiry if approaches other than complexity science and formal 

simulation methods are used.  
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6.2.6 Limitations of the method 

So far the presented assessment of the potential of simulation techniques and 

complexity science for archaeology has been unequivocally positive. However, as 

is the case with any scientific method, this one also has its own limitations and 

caveats. Among them its ability to test but not to prove models, its dependence 

on the theory it is implementing and the data it is using, and the equifinality 

issues are considered as the most important.  

In the introduction to this chapter it has been argued that simulation may prove 

to be the very tool that could break the impasse currently experienced in many 

areas within archaeology. However, it cannot be stressed enough that in itself any 

one simulation cannot and will not provide the ultimate answer to these 

questions. No matter how skilfully constructed, any one computer model cannot 

tell us whether hominins left Africa thanks to a shift in their technological 

capacity or whether they reached East Asia prior to Europe because the 

population growth shaped the dispersal wave. Instead, it is a tool that should be 

used to cumulatively amass and test ideas and new theories, and compare their 

predictions and coherence with the available data.  

The second limitation of the method, which, I hope, has emerged throughout this 

thesis, is the fact that a formal model can only be as strong as the underlying 

conceptual model and the data that has been fed into it. Thus, the weakness of a 

verbal hypothesis will resonate through its formal version and ultimately lead to 

only moderately interesting results. In a word, a weak hypothesis will produce a 

weak simulation and its outcomes will contribute to our understanding of the 

past only to a very limited extent. The cumulative nature of research again comes 

into play here, as stronger theories can usually only be built on the ruins of their 

weaker versions.  

Similarly, weakness in the input data as well as the data used to validate the 

simulation results (i.e. the data the results are compared to) will have a ripple 

effect on the usefulness of the simulation. Although the majority of input 

information are tested within ‘reasonable’ ranges (e.g. the population growth 

ranges used in the two case studies), it is not inconceivable that a fatal flaw in 

our understanding of such numbers could have a crippling effect on the usability 

of the output. Similarly, using ‘fake patterns’ to validate the simulation will 

render even the best-devised model useless. In the latter case, researchers face 

an unresolvable issue since, in theory, any data patterns could dramatically 

change in the future thanks to new discoveries which cannot be predicted. 
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Because of the inherent incompleteness of archaeological data (discussed in 

section 1.2.1), attempts to evaluate robustness of the existing data patterns are 

unlikely to provide a simple answer to this problem. Thus, except for advocating 

for more data collection in general and for a specifically focused data collection 

that will help to develop models testing specific research questions, there is little 

that can be done. 

This brings us to the often invoked issue of equifinality. Although it has been 

briefly discussed in Chapter 3, section 3.9), it is such a common criticism of 

computational modelling that it warrants further discussion. To recapitulate, the 

term ‘equifinality’ refers to the simple idea that one can never be certain that 

their model is correct even if it fits the available data since there may be different 

models that fit the same data even better.  

There are two lines of defence against this criticism. First of all, the same notion 

applies to any model, be it a verbal hypothesis or a formal computational model, 

and as we saw above even data is not immune to this criticism. Thus, the 

equifinality issue is not a problem limited to formal or computational models 

even if it is more often used against them than against conceptual models 

formulated in natural language.  

Second, if each particular model was constructed in a random fashion, that is the 

entities and the interactions between them were defined without any regard to 

the existing knowledge of the modelled system, then the probability that another 

model may describe the reality better would indeed be high. However, formal 

models are constructed using all the information available to the researcher at 

the time and rarely try to contradict well-known and established facts. For this 

reason, the range of models that may be ‘more correct’ in the sense of fitting the 

data better is actually small and most definitely not infinite.  

Without a doubt, the possibility that a change in the model may align it with the 

real system better or that a major paradigm shift will overhaul what seemed to be 

established knowledge is something considered by modellers in all disciplines. 

This is why outcomes of simulation studies are always accepted as an argument 

rather than as a definitive answer to the research questions that inspired it in the 

first place. 

As such, equifinality is denoting a simple fact of science that we cannot predict 

the future state of human knowledge and that many of our theories and data 

patterns will be debunked rendering the majority of research efforts useless or at 

least less useful than we would desire. Despite this seemingly unresolvable issue, 
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humanity as a whole seems to be progressing in our understanding of the world 

around us, and the probability that all of human knowledge will at some point be 

replaced by some completely different understanding is becoming vanishingly 

small.  

6.2.7 Implications for the wider discipline of complexity science 

Beekman and Baden (2005, 4) in the introduction to their volume on complexity 

science in archaeology and anthropology argue that ‘the dynamism in nonlinear 

systems theory may perhaps have most to offer archaeology, as the social science 

most deeply involved with the issue of social change over time.’ Archaeology has 

much to gain from complexity science and would be expected to lead the 

research effort in some of its core topics. 

The same authors have also proposed a convincing hypothesis as to why, despite 

its apparent relevance, complexity science has made a smaller impact on 

archaeology than expected. Despite clear features of a paradigm shift as defined 

by Kuhn (1970, cf. Downey 2012) the revolution that chaos theory, systems 

thinking and complexity science brought upon science in general had lost its 

steam by the early 2000s as researchers very rapidly moved on to using new 

methods to solve their research questions. As they focused on perfecting the 

newly acquired tools the message promoting ‘the new type of science’ became 

much weaker. This might have had a negative impact on disciplines that still had 

to ‘catch up’ with this new scientific approach, such as many disciplines in the 

humanities, creating an impression of a fad-like nature of these concepts and 

tools among researchers rather than a realisation of their fundamental nature and 

ubiquity in science at large. 

The number of applications of the complexity science toolkit in archaeology is 

small, despite a number of prominent studies. For example, the artificial Anasazi 

(Dean et al. 2000) has led to the formation of the ‘artificial societies’ branch of 

the discipline (Castellani 2009). As a result, the impact of humanities inspired 

research on the core topics of complexity science is very limited. However, the 

idea that there are universal rules and mechanisms that apply to physical, natural 

and social systems in different contexts (e.g. because of their fractal structure, or 

because they undergo phase transition type of changes) is a pervading theme of 

complexity science, even if it lost a lot of its shine since the 1990s (Lewin 2000). 

Thus, each model developed in the social sciences (including archaeology) 

contributes a small element to the wider debate on whether processes driving 

physical, life and social systems are governed by universal laws.  
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The two models presented in this thesis fall within the evolutionary branch of 

complexity science. One of the contributions of this thesis to the wider discipline 

of complexity science, but in particular to the subfield of evolutionary models, is 

the notion that under certain conditions the rule that evolution acts on the ‘here-

and-now’ rather than on the long-term may be weakened. Here, the Variability 

case study demonstrated how a type of adaptation that is never optimal at any 

one the time but is highly beneficial over the long-term can survive in a 

population and become the dominant one. The implications of this finding stretch 

beyond archaeology as similar processes affected other organisms.  

Similarly, although agent-based modelling is not a new technique it is relatively 

rarely used in complexity science where equation-based models dominate. It is 

perhaps not surprising that agent-based modelling is predominantly used in the 

branches of complexity science concerned with human societies. Despite this, 

social science models differ from those developed in archaeology not only due to 

the subject they study but because of the function they serve. Despite being the 

discipline considered the closest to archaeology, the vast majority of social 

science models are built to provide predictions which are then used to inform 

policymakers and other stakeholders. Social scientists often treat simulation as a 

mysterious black box that gives (undeniably useful) answers to questions such as 

‘how many nurses will we need in 5 years?’ or ‘what will be the impact on fishing 

communities if we reduce fish quota by 20%?’. This kind of functionality is of 

limited interest to archaeologists for obvious reasons. 

In contrast, the focus of the majority of archaeological models is on 

understanding the processes and mechanisms driving past societies. We are more 

likely to aim our simulations at unravelling the internal dynamics of human 

systems and to put much more effort into tracing the chains of causality that 

produce the results in the simulations. Thanks to these features, models 

developed in our discipline, including the ones presented here, can contribute to 

building better social theories in particular those concerned with long-term 

societal change. Thanks to this overlap in research interests but difference in the 

methods used to study them, archaeological models may provide useful insights 

into sociological theory.  

6.3 Future directions 

The two simulations have been developed with further extensions in mind, hence 

they can be easily altered and reused to address a range of research questions 

falling outside of the scope of this dissertation.  
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The Movius Line simulation is currently set up for modelling a global scale 

dispersal. However, it could equally be used to investigate smaller scale case 

studies, for example to reconstruct possible dispersal paths on a regional scale 

therefore complementing a number of highly insightful GIS studies (e.g., Field 

and Lahr 2006; Holmes 2007). It would also be possible to reuse the algorithms 

in a simulation concerning the evolution of cultural complexity under different 

demographic regimes - currently a very topical subject of simulation and 

empirical research (Andersson 2011; Collard et al. 2013; Derex et al. 2013; 

Mesoudi 2011; Vegvari and Foley 2014).  

The variability model in its current state is a highly abstract representation 

serving predominantly as a theory building exercise. Further elaborations could 

include spatial structuring into ‘hot’ and ‘cold’ regions, a gradient between them 

or running the model on ‘real-world’ data, for example, on the temperature 

record of the Pleistocene. Similarly, the carrying capacity of each cell is currently 

homogenous. This can be changed in future experiments to investigate the 

effects of spatial heterogeneity and clustered vs scattered resource landscapes 

(similar to Premo 2006; Wren et al. 2013). Also, the simulation is set up for a 

reorganisation of the space into a two dimensional grid. This would allow the 

investigation of the impact of spatial structuring on the dispersal wave, that is, 

the composition of the populations at different distances from the point of the 

origins of the dispersal. 

Finally, in terms of the methodological angle of the dissertation, the case studies 

presented here evaluated the utility of simulation in its capacity as a theory-

building and hypothesis-testing tool. However, there are other areas of scientific 

inquiry in which simulation can be applied. For example, simulations can be used 

as: “a tool for experimentalists: Support experiments (and) as a pedagogical tool: 

Gain understanding of a process” (Hartmann 1996, 83). 

In the category of “simulation as a tool for experimentalists” one potential 

application would be behaviourally-driven predictive modelling. Currently 

predictive modelling is done by finding correlations between presence/absence of 

archaeological sites and different (predominantly environmental) factors, for 

example southern exposure or distance to water sources. These predictions are 

then used to calculate the probability of finding an archaeological site at any 

given location within the studied region. However, such predictions could be 

equally produced by running an agent-based model incorporating behavioural 

strategies deemed representative of the past inhabitants of the region on a 

realistic GIS layer. This would allow to predict site locations on the basis of 
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behavioural models. Although predictive modelling has found wide application in 

particular in the commercial and governmental planning sectors, it has been 

criticised as being little more than a self-fulfilling prophecy and biasing the 

archaeological record in the process (Wheatley 2004). However, an integration of 

agent-based modelling with GIS tools could potentially remove some (although 

probably not all) of the sources of criticism.  

Another function of simulation - simulation as a pedagogical tool - has also 

received little attention so far among archaeologists and cultural heritage 

specialists. The game-like properties of simulations mean that they lend 

themselves particularly well to non-academic outreach and education. Thus 

incorporating simulation into outreach activities could break the barrier of written 

academic communication and convey the complex narratives developed by 

researchers in a playful and engaging manner. For example, the Evolving Planet 

game developed by members of the archaeology simulation project Simulpast, 

aims to teach a general audience about the principles of the methodology of 

archaeological simulation7. From the same team comes a wonderful short 

animation “Simulados” describing the project (http://bsc.es/viz/simulados). 

The visual appeal of simulation could be harnessed to present even complex 

archaeological research clearly and in an interesting manner. Similarly to the 

revolution that 3D reconstructions brought to museums, simulation has the 

potential to change how archaeologists present their theories about the past to 

the general public. These themes should be further explored.  

6.4 Conclusions 

Almost fifteen years ago in an article describing the first simulation of the Out of 

Africa dispersal, Mithen and Reed noted that “attempts at quantification and 

simulation modelling appear essential. It is striking that such methods play a 

central role in other disciplines dealing with long term change (...) but have been 

neglected in palaeoanthropology.” (Mithen and Reed 2002, 434). With only a 

handful of models published since then, it has to be concluded that the situation 

has not changed significantly. This is surprising, in particular because it stands in 

such stark contrast to the volume of work on hominin dispersals generated 

during that time. The last two decades saw great advances made by Palaeolithic 

researchers when it comes to collecting and analysing the little data there is and 

                                            
7https://play.google.com/store/apps/details?id=com.MurphysToast.EvolvingPlanet&hl=en 



Chapter 6: Discussion and Conclusions 

  210  

a flurry of highly creative conceptual models drawing ideas from a wide variety of 

other disciplines. Nevertheless, it is surprising that the discipline which praises 

itself for its ability to borrow concepts, theories and techniques from different 

corners of science has not picked up one of the most commonly used scientific 

tools. 

In this dissertation, simulation was used to further our understanding of early 

hominin dispersals. Thanks to the application of simulation techniques it was 

possible to reveal a number of new insights into the mechanisms behind the 

dispersal, to evaluate the importance of different factors influencing the process 

and to test the plausibility of previously proposed conceptual models 

(hypotheses). In particular, the case studies presented here have highlighted how 

subtle interdependencies between different processes affecting individuals may 

result in drastically different trajectories of change on the population level. This 

is supporting the notion that the “individual needs to be seen as the centre of 

causality” (Gamble and Porr 2005, 12) and that with the right tools this can be 

achieved in a quantitative manner.  

Many of the results presented throughout this dissertation proved surprising or 

even counterintuitive at first sight, demonstrating that reliance on common sense 

is not enough when it comes to highly complex phenomena such as hominin 

dispersals. Equally, as is often the case, a number of new questions emerged in 

the research process, in particular during the formalisation phase, indicating that 

while the topic of Pleistocene dispersals has been extensively studied, there are 

still some significant gaps in our knowledge. This research is a step in the 

direction of solving these issues, although no single simulation can offer a full 

characterisation of the studied system and multiple models are needed in order 

to understand broad complex topics such as hominin dispersals.  

Archaeologists often find themselves asking whether their work falls under the 

remit of science or humanities (e.g. Sinclair 2017). This debate has been raging 

for many years with the adversaries sometimes finding themselves classified into 

broader theoretical camps of processualists (archaeology is science) and 

postprocessualists (archaeology is not science). From the philosophy of science 

point of view archaeology, including its methods, everyday practice and aims, 

belongs firmly in the sciences even if it contains elements usually associated with 

arts and humanities. Dark (1992) provides a working definition of what constitute 

a scientific discipline: “...sciences are those subjects in which the relative 

plausibility of rival hypotheses is capable of evaluation by some form of testing, 

and arts those in which subjective assessments are made. One might go further 
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and claim that all science must be based upon mathematical principles, whereas 

in arts subjects this is not so.” In theory, there is nothing inherently barring 

archaeological research from fulfilling these criteria. However, in practice 

although the majority of archaeologists use models based on the available data, 

they often depend on subjective assessment when it comes to evaluating 

competing hypotheses. Thus, the question of the scientific nature of 

archaeological practice will remain open until the discipline shifts from subjective 

assessments to formal testing of rival hypotheses. Simulation is a tool that has 

the potential to support this process.  





Bibliography 

Abbate,	Ernesto,	and	Mario	Sagri.	2012.	“Early	to	Middle	Pleistocene	Homo	Dispersals	from	Africa	to	Eurasia:	

Geological,	Climatic	and	Environmental	Constraints.”	Quaternary	International	267.	Elsevier	Ltd	and	INQUA:	

3–19.	doi:10.1016/j.quaint.2011.02.043.	

Abruzzese,	Claudia,	Daniele	Aureli,	and	Roxane	Rocca.	2016.	“Assessment	of	the	Acheulean	in	Southern	Italy:	New	

Study	on	the	Atella	Site	(Basilicata,	Italy).”	Quaternary	International	393:	158–68.	

doi:10.1016/j.quaint.2015.06.005.	

Ackland,	Graeme	J.,	Markus	Signitzer,	Kevin	Stratford,	and	Morrel	H.	Cohen.	2007.	“Cultural	Hitchhiking	on	the	

Wave	of	Advance	of	Beneficial	Technologies.”	Proceedings	of	the	National	Academy	of	Sciences	of	the	United	

States	of	America	104	(21):	8714–19.	doi:10.1073/pnas.0702469104.	

Agustí,	Jordi,	Hugues-Alexandre	Blain,	Gloria	Cuenca-Bescós,	and	Salvador	Bailon.	2009.	“Climate	Forcing	of	First	

Hominid	Dispersal	in	Western	Europe.”	Journal	of	Human	Evolution	57	(6):	815–21.	

doi:10.1016/j.jhevol.2009.06.005.	

Agustí,	Jordi,	Hugues-Alexandre	Blain,	Iván	Lozano-Fernández,	Pedro	Piñero,	Oriol	Oms,	Marc	Furió,	Angel	Blanco,	

Juan	Manuel	López-García,	and	Robert	Sala.	2015.	“Chronological	and	Environmental	Context	of	the	First	

Hominin	Dispersal	into	Western	Europe:	The	Case	of	Barranco	León	(Guadix-Baza	Basin,	SE	Spain).”	Journal	

of	Human	Evolution	87:	87–94.	doi:10.1016/j.jhevol.2015.02.014.	

Agustí,	Jordi,	and	David	Lordkipanidze.	2011.	“How	‘African’	Was	the	Early	Human	Dispersal	out	of	Africa?”	

Quaternary	Science	Reviews	30	(11–12).	Elsevier	Ltd:	1338–42.	doi:10.1016/j.quascirev.2010.04.012.	

Agustí,	Jorge,	Oriol	Oms,	Josep	M.	Parés,	Bienvenido	Martínez-Navarro,	and	Alain	Turq.	2000.	“Dating	and	

Correlation	of	Early	Human	Occupation	in	the	Baza	Formation	(Guadix-Baza	Basin,	SE	Spain).”	ERAUL	92:	

113–22.	

Ahrweiler,	Petra,	and	Nigel	Gilbert.	2005.	“Caffè	Nero:	The	Evaluation	of	Social	Simulation.”	Journal	of	Artificial	

Societies	and	Social	Simulation	8	(4).	http://jasss.soc.surrey.ac.uk/8/4/14.html.	

Alçiçek,	Mehmet	Cihat.	2014.	“Historique	de	La	Découverte	et	Des	Recherches	Sur	La	Calotte	Crânienne	d’Homo	

Erectus	Archaïque	de	Kocabaş,	Bassin	de	Denizli,	Anatolie,	Turquie.”	L’Anthropologie	118	(1).	Elsevier	

Masson	SAS:	8–10.	doi:10.1016/j.anthro.2014.01.004.	

Ambrose,	Stanley	H.	2001.	“Paleolithic	Technology	and	Human	Evolution.”	Science	291	(5509):	1748–53.	

doi:10.1126/science.1059487.	

Andersson,	Claes.	2011.	“Paleolithic	Punctuations	and	Equilibria:	Did	Retention	Rather	Than	Invention	Limit	

Technological	Evolution?”	PaleoAnthropology	2011:	243–59.	doi:10.4207/PA.2011.ART55.	

Andersson,	Claes,	and	Dwight	Read.	2014.	“Group	Size	and	Cultural	Complexity.”	Nature	511	(7507).	Nature	

Publishing	Group:	E1–E1.	doi:10.1038/nature13411.	



Bibliography 

  214  

Anisyutkin,	Nikolai.	K.,	Vadim.	M.	Stepanchuk,	and	A.	L.	Chepalyha.	2013.	“КРЕЦЕШТИ:	НОВЕ	ОЛДОВАНСЬКЕ	

МІСЦЕЗНАХОДЖЕННЯ	В	НИЖНЬОМУ	ПРИДНІСТРОВ’Ї	(Попередні	Дані)	(Krecheshti:	New	Oldowan	Site	

in	the	Lower	Transdniestria	(Preliminary	Data)).”	Археологія	4:	63–71.	

Anisyutkin,	Nikolai	K.,	Andrey.	L.	Chepalyga,	Sergei	I.	Kovalenko,	and	Alexander.	K.	Ocherednoi.	2012.	“Excavations	
at	the	Bairaki	Lower	Paleolithic	Site,	Trans-Dniesteria,	in	2011.”	Archaeology,	Ethnology	and	Anthropology	of	
Eurasia	40	(4).	Elsevier	Srl:	19–27.	doi:http://dx.doi.org/10.1016/j.aeae.2013.04.003.	

	Anisyutkin,	Nikolai	K.,	Sergei	I.	Kovalenko,	Vitale	A.	Burlacu,	Alexander.	K.	Ocherednoi,	and	Andrey.	L.	Chepalyga.	
2012.	“Bairaki	-	A	Lower	Paleolithic	Site	on	the	Lower	Dniester.”	Archaeology,	Ethnology	and	Anthropology	
of	Eurasia	40:	2–10.	doi:10.1016/j.aeae.2012.05.002.	

	Antón,	Susan	C.,	William	R.	Leonard,	and	Mark	L.	Robertson.	2002.	“An	Ecomorphological	Model	of	the	Initial	

Hominid	Dispersal	from	Africa.”	Journal	of	Human	Evolution	43:	773–85.	doi:10.1053/jhev.2002.0602.	

Antón,	Susan	C.,	and	Carl	C.	Swisher.	2004.	“Early	Dispersals	of	Homo	from	Africa.”	Annual	Review	of	Anthropology	

33:	271–96.	doi:10.1146/annurev.anthro.33.070203.144024.	

Ao,	Hong,	Mark	J	Dekkers,	Qi	Wei,	Xiaoke	Qiang,	and	Guoqiao	Xiao.	2013.	“New	Evidence	for	Early	Presence	of	

Hominids	in	North	China.”	Scientific	Reports	3:	2403.	doi:10.1038/srep02403.	

Aouraghe,	Hassan.	2006.	“Histoire	Du	Peuplement	Paléolithique	de	l’Afrique	Du	Nord	et	Dynamique	Des	

Interactions	Entre	L’homme	et	Son	Environnement.”	Comptes	Rendus	Palevol	5:	237–42.	

doi:10.1016/j.crpv.2005.09.017.	

Archer,	Will,	and	David	R.	Braun.	2010.	“Variability	in	Bifacial	Technology	at	Elandsfontein,	Western	Cape,	South	

Africa:	A	Geometric	Morphometric	Approach.”	Journal	of	Archaeological	Science	37	(1).	Elsevier	Ltd:	201–9.	

doi:10.1016/j.jas.2009.09.033.	

Arribas,	Alfonso,	and	Paul	Palmqvist.	1999.	“On	the	Ecological	Connection	Between	Sabre-Tooths	and	Hominids:	

Faunal	Dispersal	Events	in	the	Lower	Pleistocene	and	a	Review	of	the	Evidence	for	the	First	Human	Arrival	

in	Europe.”	Journal	of	Archaeological	Science	26	(May):	571–85.	doi:10.1006/jasc.1998.0346.	

Arzarello,	Marta,	Federica	Marcolini,	Giulio	Pavia,	Marco	Pavia,	Carmelo	Petronio,	Mauro	Petrucci,	Lorenzo	Rook,	

and	Raffaele	Sardella.	2009.	“L’industrie	Lithique	Du	Site	Pléistocène	Inférieur	de	Pirro	Nord	(Apricena,	

Italie	Du	Sud):	Une	Occupation	Humaine	Entre	1,3	et	1,7Ma.”	L’Anthropologie	113	(1):	47–58.	

doi:10.1016/j.anthro.2009.01.004.	

Arzarello,	Marta,	Carlo	Peretto,	and	Marie-Hélène	Moncel.	2014.	“The	Pirro	Nord	Site	(Apricena,	Fg,	Southern	

Italy)	in	the	Context	of	the	First	European	Peopling:	Convergences	and	Divergences.”	Quaternary	

International	in	press:	1–9.	doi:10.1016/j.quaint.2014.08.051.	

Ascenzi,	Antonio,	Italo	Biddittu,	Pier	Cassoli,	Aldo	Giacomo	Segre,	and	Eugenia	Segre-Naldini.	1996.	“A	Calvarium	

of	Late	Homo	Erectus	from	Ceprano	,	Italy.”	Journal	of	Human	Evolution	31:	409–23.	

Asfaw,	Berhane,	Yonas	Beyene,	Gen	Suwa,	Robert	C.	Walter,	Tim	D.	White,	Giday	WoldeGabriel,	and	Tesfaye	

Yemane.	1992.	“The	Earliest	Acheulean	from	Konso-Gardula.”	Nature	360:	732–35.	

Ashton,	Nick	M.,	Jill	Cook,	Simon	G.	Lewis,	and	James	Rose.	1992.	High	Lodge:	Excavations	by	G.	de	G.	Sieveking,	

1962-8,	and	J.	Cook,	1988.	London:	British	Museum	Press.	



Bibliography 

215 

Ashton,	Nick,	and	Simon	G.	Lewis.	2002.	“Deserted	Britain:	Declining	Populations	in	the	British	Late	Middle	

Pleistocene.”	Antiquity	76:	388–96.	

Ashton,	Nick,	and	Simon	G.	Lewis.	2012.	“The	Environmental	Contexts	of	Early	Human	Occupation	of	Northwest	

Europe:	The	British	Lower	Palaeolithic	Record.”	Quaternary	International	271.	Elsevier:	50–64.	

doi:10.1016/j.quaint.2011.10.022.	

Axtell,	Robert	L.,	Joshua	M.	Epstein,	Jeffrey	S.	Dean,	George	J.	Gumerman,	Alan	C.	Swedlund,	Jason	Harburger,	

Shubha	Chakravarty,	Ross	Hammond,	Jon	Parker,	and	Miles	Parker.	2002.	“Population	Growth	and	Collapse	

in	a	Multiagent	Model	of	the	Kayenta	Anasazi	in	Long	House	Valley.”	Proceedings	of	the	National	Academy	of	

Sciences	of	the	United	States	of	America	99	(Suppl	3):	7275–79.	

Axtell,	Robert,	Robert	Axelrod,	Joshua	Epstein,	and	Michael	Cohen.	1996.	“Aligning	Simulation	Models:	A	Case	

Study	and	Results.”	Computational	and	Mathematical	Organization	Theory	1:	123–41.	

doi:10.1007/BF01299065.	

Bae,	Kidong,	Christopher	J.	Bae,	and	Kiryong	Kim.	2012.	“The	Age	of	the	Paleolithic	Handaxes	from	the	Imjin–

Hantan	River	Basins,	South	Korea.”	Quaternary	International	281:	14–25.	doi:10.1016/j.quaint.2012.06.021.	

Baggaley,	Andrew	W.,	Richard	J.	Boys,	Andrew	Golightly,	Graeme	R.	Sarson,	and	Anvar	Shukurov.	2012.	“Inference	

for	Population	Dynamics	in	the	Neolithic	Period.”	Annals	of	Applied	Statistics	6	(4):	1352–76.	

http://abag.wdfiles.com/local--files/conferences-and-talks/CASI.pdf.	

Bailey,	Drew	H.,	and	David	C.	Geary.	2009.	“Hominid	Brain	Evolution.”	Human	Nature	20	(1):	67–79.	

doi:10.1007/s12110-008-9054-0.	

Bailey,	Geoffrey	N.	2009.	“The	Red	Sea,	Coastal	Landscapes,	and	Hominin	Dispersals.”	In	The	Evolution	of	Human	

Populations	in	Arabia,	edited	by	Michael	D.	Petraglia	and	Jeffrey	Ross,	15–37.	Dordercht:	Springer.	

Bailey,	Geoffrey	N.,	and	Geoffrey	C.P.	King.	2011.	“Dynamic	Landscapes	and	Human	Dispersal	Patterns:	Tectonics,	

Coastlines,	and	the	Reconstruction	of	Human	Habitats.”	Quaternary	Science	Reviews	30	(11–12).	Elsevier	

Ltd:	1533–53.	doi:10.1016/j.quascirev.2010.06.019.	

Balter,	Vincent,	Janne	Blichert-Toft,	José	Braga,	Philippe	Telouk,	Francis	Thackeray,	and	Francis	Albarède.	2008.	

“U-Pb	Dating	of	Fossil	Enamel	from	the	Swartkrans	Pleistocene	Hominid	Site,	South	Africa.”	Earth	and	

Planetary	Science	Letters	267:	236–46.	doi:10.1016/j.epsl.2007.11.039.	

Banks,	Jerry,	and	Leonardo	Chwif.	2011.	“Warnings	about	Simulation.”	Journal	of	Simulation	5	(4).	Nature	

Publishing	Group:	279–91.	doi:10.1057/jos.2010.24.	

Bar-Yosef,	Ofer.	1998.	“Early	Colonisations	and	Cultural	Continuities	in	the	Lower	Palaeolithic	of	Western	Asia.”	In	

Early	Human	Behaviour	in	Global	Context:	The	Rise	and	Diversity	of	the	Lower	Paleolithic	Period,	edited	by	

Ravi	Korisettar	and	Michael	D.	Petraglia,	221–79.	New	York:	Routledge.	

Bar-Yosef,	Ofer.	2015.	“Chinese	Palaeolithic	Challenges	for	Interpretations	of	Palaeolithic	Archaeology.”	

Anthropologie	(Brno)	53	(1–2):	1–16.	

Bar-Yosef,	Ofer,	and	Anna	Belfer-Cohen.	2001.	“From	Africa	to	Eurasia	—	Early	Dispersals.”	Quaternary	

International	75	(1):	19–28.	doi:10.1016/S1040-6182(00)00074-4.	



Bibliography 

  216  

Bar-Yosef,	Ofer,	and	Anna	Belfer-Cohen.	2000.	“Early	Human	Dispersals:	The	Unexplored	Constraint	of	African	

Diseases.”	In	Early	Humans	at	the	Gates	of	Europe:	Proceedings	of	the	1st	International	Symposium	Dmanisi,	

Tbilisi	-	Georgia	1998,	edited	by	David	Lordkipanidze,	Ofer	Bar-Yosef,	and	Marcel	Otte,	ERAUL,	79–86.	Liège:	

Université	de	Liège.	

Bar-Yosef,	Ofer,	and	Miriam	Belmaker.	2011.	“Early	and	Middle	Pleistocene	Faunal	and	Hominins	Dispersals	

through	Southwestern	Asia.”	Quaternary	Science	Reviews	30	(11–12).	Elsevier	Ltd:	1318–37.	

doi:10.1016/j.quascirev.2010.02.016.	

Bar-Yosef,	Ofer,	Metin	I.	Eren,	Jiarong	Yuan,	David	J.	Cohen,	and	Yiyuan	Li.	2012.	“Were	Bamboo	Tools	Made	in	

Prehistoric	Southeast	Asia?	An	Experimental	View	from	South	China.”	Quaternary	International	269.	

Elsevier	Ltd	and	INQUA:	9–21.	doi:10.1016/j.quaint.2011.03.026.	

Bar-Yosef,	Ofer,	and	Youping	Wang.	2012.	“Paleolithic	Archaeology	in	China.”	Annual	Review	of	Anthropology	41	

(June):	319–35.	doi:10.1146/annurev-anthro-092611-145832.	

Bar-Yosef,	Ofer.	1994.	“The	Lower	Paleolithic	of	the	Near	East.”	Journal	of	World	Prehistory	8	(3):	211–65.	

Barceló,	Juan	A.	2012.	“Computer	Simulation	in	Archaeology.	Art,	Science	or	Nightmare ?”	Virtual	Archaeology	

Review	3	(5):	8–12.	

Barsky,	Deborah.	2013.	“The	Caune	de	l’Arago	Stone	Industries	in	Their	Stratigraphical	Context.”	Comptes	Rendus	

Palevol	12	(5).	Academie	des	sciences:	305–25.	doi:10.1016/j.crpv.2013.05.007.	

Barsky,	Deborah,	Cécile	Chapon-Sao,	Jean	Jacques	Bahain,	Yonas	Beyene,	Dominique	Cauche,	Vincenzo	Celiberti,	

Emmanuel	Desclaux,	et	al.	2011.	“The	Early	Oldowan	Stone-Tool	Assemblage	from	Fejej	FJ-1a,	Ethiopia.”	

Journal	of	African	Archaeology	9	(2):	207–24.	doi:10.3213/2191-5784-10196.	

Bartolucci,	Cristian,	Mathis	Wagner,	and	Claudia	Villosio.	2013.	“Who	Migrates	and	Why?”	333.	Carlo	Alberto	

Notebooks.	http://www.carloalberto.org/assets/working-papers/no.333.pdf.	

Barton,	C	Michael.	2014.	“Complexity,	Social	Complexity,	and	Modeling.”	Journal	of	Archaeological	Method	and	

Theory	21:	306–24.	doi:10.1007/s10816-013-9187-2.	

Barton,	C.	Michael,	and	Julien	Riel-Salvatore.	2012.	“Perception,	Interaction,	and	Extinction:	A	Reply	to	Premo.”	

Human	Ecology	40	(5):	797–801.	doi:10.1007/s10745-012-9530-3.	

Baxter,	Susan	M.,	Steven	W.	Day,	Jacquelyn	S.	Fetrow,	and	Stephanie	J.	Reisinger.	2006.	“Scientific	Software	

Development	Is	Not	an	Oxymoron.”	PLoS	Computational	Biology	2	(9):	0975–78.	

doi:10.1371/journal.pcbi.0020087.	

Becker,	Joerg,	Bjoern	Niehaves,	and	Karste	Klose.	2005.	“A	Framework	for	Epistemological	Perspectives	on	

Simulation.”	Journal	of	Artificial	Societies	and	Social	Simulation	8	(4):	1.	

http://jasss.soc.surrey.ac.uk/8/4/1.html.	

Beekman,	Christopher	S.,	and	William	W.	Baden.	2005.	“Continuing	the	Revolution.”	In	Nonlinear	Models	for	

Archaeology	and	Anthropology,	edited	by	Christopher	S.	Beekman	and	William	W.	Baden,	1–12.	Aldershot:	

Ashgate	Publishing	LImited.	



Bibliography 

217 

Belmaker,	Miriam.	2010.	“Early	Pleistocene	Faunal	Connections	Between	Africa	and	Eurasia:	An	Ecological	

Perspective.”	In	Out	of	Africa	I:	The	First	Hominin	Colonization	of	Eurasia,	edited	by	John	G.	Fleagle,	John	J.	

Shea,	Frederick	E.	Grine,	Andrea	L.	Baden,	and	Richard	E.	Leakey,	183–205.	Dordercht:	Springer	

Netherlands.	doi:10.1007/978-90-481-9036-2_12.	

Belmaker,	Miriam,	Eitan	Tchernov,	Silvana	Condemi,	and	Ofer	Bar-Yosef.	2002.	“New	Evidence	for	Hominid	

Presence	in	the	Lower	Pleistocene	of	the	Southern	Levant.”	Journal	of	Human	Evolution	43:	43–56.	

doi:10.1006/jhev.2002.0556.	

Berger,	Glenn	W.,	Alfredo	Pérez-González,	Eudald	Carbonell,	Juan	Luis	Arsuaga,	José	María	Bermúdez	de	Castro,	

and	Teh	Lung	Ku.	2008.	“Luminescence	Chronology	of	Cave	Sediments	at	the	Atapuerca	

Paleoanthropological	Site,	Spain.”	Journal	of	Human	Evolution	55:	300–311.	

doi:10.1016/j.jhevol.2008.02.012.	

Bermúdez	de	Castro,	J	M,	J	L	Arsuaga,	E	Carbonell,	A	Rosas,	I	Martínez,	and	M	Mosquera.	1997.	“A	Hominid	from	

the	Lower	Pleistocene	of	Atapuerca,	Spain:	Possible	Ancestor	to	Neandertals	and	Modern	Humans.”	Science	

(New	York,	N.Y.)	276	(5317):	1392–95.	doi:10.1126/science.276.5317.1392.	

Bernal,	Marcos	Terradillos,	and	Marie-Hélène	H.	Moncel.	2004.	“Contribution	À	L’étude	de	La	Technologie	Du	

Paléolithique	« Archaïque »	Du	Sud	de	l’Europe	Selon	Le	Système	Logique	Analytique	(SLA).	Application	Aux	

Sites	Du	Vallonnet	(Roquebrune-Cap-Martin,	France),	de	Gran	Dolina	TD6	(Burgos,	Espagne),	de	

Ca’Belvedere.”	L’Anthropologie	108	(3–4):	307–29.	doi:10.1016/j.anthro.2004.10.001.	

Beyene,	Yonas,	Shigehiro	Katoh,	Giday	WoldeGabriel,	William	K.	Hart,	Kozo	Uto,	Masafumi	Sudo,	Megumi	Kondo,	et	

al.	2013.	“The	Characteristics	and	Chronology	of	the	Earliest	Acheulean	at	Konso,	Ethiopia.”	Proceedings	of	

the	National	Academy	of	Sciences	110	(5):	1584–91.	doi:10.1073/pnas.1221285110/-

/DCSupplemental.www.pnas.org/cgi/doi/10.1073/pnas.1221285110.	

Beyin,	Amanuel.	2006.	“The	Bab	Al	Mandab	vs	the	Nile-Levant:	An	Appraisal	of	the	Two	Dispersal	Routes	for	Early	

Modern	Humans	out	of	Africa.”	The	African	Archaeological	Journal	23	(1/2):	5–30.	doi:10.1007/s10437-006-

9005-2.	

Biglari,	Fereidoun,	Gabriel	Nokandeh,	and	Saman	Heydari.	2000.	“A	Recent	Find	of	a	Possible	Lower	Palaeolithic	

Assemblage	from	the	Foothills	of	the	Zagros	Mountains.”	Antiquity	74	(286):	749–50.	

Biglari,	Fereidoun,	and	Sonia	Shidrang.	2006.	“The	Lower	Paleolithic	Occupation	of	Iran.”	Near	Eastern	

Archaeology	69	(3):	160–68.	

Binford,	Lewis	R.	2001.	Constructing	Frames	of	Reference.	An	Analytical	Method	for	Archaeological	Theory	Building	

Using	Ethnographic	and	Environmental	Data	Sets.	Berkeley	and	Los	Angeles:	University	of	California	Press.	

Bintanja,	Richard,	and	Roderik	S.	W.	van	de	Wal.	2008.	“North	American	Ice-Sheet	Dynamics	and	the	Onset	of	

100,000-Year	Glacial	Cycles.”	Nature	454	(7206):	869–72.	doi:10.1038/nature07158.	

	Bischoff,	James	L.,	Ross	W.	Williams,	Robert	J.	Rosenbauer,	Arantza	Aramburu,	Juan	Luis	Arsuaga,	Nuria	García,	

and	Gloria	Cuenca-Bescós.	2007.	“High-Resolution	U-Series	Dates	from	the	Sima	de	Los	Huesos	Hominids	

Yields :	Implications	for	the	Evolution	of	the	Early	Neanderthal	Lineage.”	Journal	of	Archaeological	Science	

34	(5):	763–70.	doi:10.1016/j.jas.2006.08.003.	



Bibliography 

  218  

Bithell,	M,	and	W	Macmillan.	2007.	“Escape	from	the	Cell:	Spatially	Explicit	Modelling	with	and	without	Grids.”	
Ecological	Modelling	200	(1–2):	59–78.	doi:10.1016/j.ecolmodel.2006.07.031.	

Blackwell,	Bonnie,	Sisi	Liang,	Lubov	V.	Golovanova,	Vladimir	B.	Doronichev,	Anne	R.	Skinner,	and	Joel	I	B	
Blickstein.	2005.	“ESR	at	Treugol’naya	Cave,	Northern	Caucasus	Mt.,	Russia:	Dating	Russia’s	Oldest	
Archaeological	Site	and	Paleoclimatic	Change	in	Oxygen	Isotope	Stage	11.”	Applied	Radiation	and	Isotopes	
62:	237–45.	doi:10.1016/j.apradiso.2004.08.005.	

Bobe,	René,	and	Anna	K.	Behrensmeyer.	2004.	“The	Expansion	of	Grassland	Ecosystems	in	Africa	in	Relation	to	
Mammalian	Evolution	and	the	Origin	of	the	Genus	Homo.”	Palaeogeography,	Palaeoclimatology,	
Palaeoecology	207	(3–4):	399–420.	doi:10.1016/S0031-0182(04)00049-5.	

Bonabeau,	Eric.	2002.	“Agent-Based	Modeling:	Methods	and	Techniques	for	Simulating	Human	Systems.”	
Proceedings	of	the	National	Academy	of	Sciences	of	the	United	States	of	America	99	(Suppl	3):	7280–87.	
doi:10.1073/pnas.082080899.	

Bonifay,	Eugène.	2002.	Les	Premiers	Peuplements	Humains	de	l’Europe.	Paris:	Maison	des	Roches.	

Borg,	James	M.,	and	Alastair	Channon.	2012.	“Testing	the	Variability	Selection	Hypothesis:	The	Adoption	of	Social	
Learning	in	Increasingly	Variable	Environments.”	Artificial	Life	13:	317–24.	doi:10.7551/978-0-262-31050-
5-ch042.	

Bosinski,	Gerhard.	2006.	“Les	Premiers	Peuplements	de	l’Europe	Centrale	et	de	l’Est.”	Comptes	Rendus	Palevol	5	
(1–2):	311–17.	doi:10.1016/j.crpv.2005.09.004.	

Bosinski,	Gerhard.	1996.	Les	Origines	de	L’Homme	En	Europe	et	En	Asie.	Atlas	Des	Sites	Du	Paléolithique	Inférieur.	
Liège:	Editions	Errance.	

Bosinski,	Gerhard,	Thijs	van	Kolfschoten,	and	Elaine	Turner.	1988.	Miesenheim	I.	Die	Zeit	Des	Homo	Erectus.	
Andernach:	Andernacher	Beiträge.	

Bourguignon,	Laurence,	Jean-Yves	Yves	Crochet,	Ramon	Capdevila,	Jérôme	Ivorra,	Pierre-Olivier	Olivier	Antoine,	
Jordi	Agustí,	Deborah	Barsky,	et	al.	2016.	“Bois-de-Riquet	(Lézignan-La-Cèbe,	Hérault):	A	Late	Early	
Pleistocene	Archeological	Occurrence	in	Southern	France.”	Quaternary	International	393:	24–40.	
doi:10.1016/j.quaint.2015.06.037.	

Box,	George	E.	P.	1979.	“Robustness	in	the	Strategy	of	Scientific	Model	Building.”	Army	Research	Office	Workshop	
on	Robustness	in	Statistics,	201–36.	doi:0-12-4381	50-2.	

Bracco,	Jean-Pierre.	1991.	“Typologie,	Technologie	et	Matières	Premières	Des	Industries	Du	Très	Ancien	
Paléolithique	En	Velay	(Massif-Central,	France).	Premiers	Résultats.”	In	Les	Premiers	Européens.	Actes	Du	
114e	Congrès	National	Des	Sociétés	Savantes	(Paris,	30-9	Avril	1989),	edited	by	Eugène	Bonifay	and	Bernard	
Vandermeersch,	93–100.	Paris:	Editions	du	C.T.H.S.	

Braga,	José,	John	Francis	Thackeray,	Laurent	Bruxelles,	Jean	Dumoncel,	and	Jean	Baptiste	Fourvel.	2015.	
“Stretching	the	Time	Span	of	Hominin	Evolution	at	Kromdraai	(Gauteng,	South	Africa):	Recent	Discoveries.”	
Comptes	Rendus	-	Palevol	in	press.	Academie	des	sciences.	doi:10.1016/j.crpv.2016.03.003.	



Bibliography 

219 

Bramble,	Dennis	M.,	and	Daniel	E.	Lieberman.	2004.	“Endurance	Running	and	the	Evolution	of	Homo.”	Nature	432	

(7015):	345–52.	doi:10.1038/nature03052.	

Bridge.	2013.	“Bristol	Research	Initiative	for	the	Dynamic	Global	Environment.”	http://www.bridge.bris.ac.uk.	

Brown,	James	H.,	George	C.	Stevens,	and	Dawn	M.	Kaufman.	1996.	“The	Geographic	Range:	Size,	Shape,	Boundaries,	

and	Internal	Structure.”	Annual	Review	of	Ecology	and	Systematics	27:	597–623.	

Brumm,	Adam.	2010.	“The	Movius	Line	and	the	Bamboo	Hypothesis:	Early	Hominin	Stone	Technology	in	

Southeast	Asia	and	Its	Behavioral	Implications	Adam	Brumm.”	Lithic	Technology	35:	7–25.	

Brumm,	Adam,	Fachroel	Aziz,	Gert	D	van	den	Bergh,	Michael	J	Morwood,	Mark	W	Moore,	Iwan	Kurniawan,	Douglas	

R	Hobbs,	and	Richard	Fullagar.	2006.	“Early	Stone	Technology	on	Flores	and	Its	Implications	for	Homo	

Floresiensis.”	Nature	441	(June):	624–28.	doi:10.1038/nature04618.	

Brumm,	Adam,	Gitte	M	Jensen,	Gert	D	van	den	Bergh,	Michael	J	Morwood,	Iwan	Kurniawan,	Fachroel	Aziz,	and	

Michael	Storey.	2010.	“Hominins	on	Flores,	Indonesia,	by	One	Million	Years	Ago.”	Nature	464	(7289).	Nature	

Publishing	Group:	748–52.	doi:10.1038/nature08844.	

Brumm,	Adam,	and	Andrew	McLaren.	2011.	“Scraper	Reduction	and	Imposed	Form	at	the	Lower	Palaeolithic	Site	

of	High	Lodge,	England.”	Journal	of	Human	Evolution	60	(2).	Elsevier	Ltd:	185–204.	

doi:10.1016/j.jhevol.2010.09.005.	

Brumm,	Adam,	and	Mark	W	Moore.	2012.	“Biface	Distributions	and	the	Movius	Line:	A	Southeast	Asian	

Perspective.”	Australian	Archaeology	74	(74):	32–46.	

Bruner,	Emiliano.	2004.	“Geometric	Morphometrics	and	Paleoneurology:	Brain	Shape	Evolution	in	the	Genus	

Homo.”	Journal	of	Human	Evolution	47	(5):	279–303.	doi:10.1016/j.jhevol.2004.03.009.	

Bullock,	Seth.	2014.	“Levins	and	the	Lure	of	Artificial	Worlds.”	The	Monist	97	(3):	301–20.	

Bunge,	Mario.	2014.	“Big	Questions	Come	In	Bundles,	Hence	They	Should	Be	Tackled	Systemically.”	Systema	2	(2):	

4–13.	

Bunn,	Henry	T.,	and	Alia	N.	Gurtov.	2014.	“Prey	Mortality	Profiles	Indicate	That	Early	Pleistocene	Homo	at	Olduvai	

Was	an	Ambush	Predator.”	Quaternary	International	322–323	(February).	Elsevier	Ltd	and	INQUA:	44–53.	

doi:10.1016/j.quaint.2013.11.002.	

Burdukiewicz,	Jan	Michal,	and	Avraham	Ronen.	2003.	Lower	Palaeolithic	Small	Tools	in	Europe	and	the	Levant.	BAR	

Intern.	Archaeopress.	

Callegari,	Simone,	John	David	Weissmann,	Natalie	Tkachenko,	Wesley	P.	Petersen,	George	Lake,	Marcia	Ponce	De	

León,	and	Christoph	P.	E.	Zollikofer.	2013.	“An	Agent-Based	Model	of	Human	Dispersals	At	a	Global	Scale.”	

Advances	in	Complex	Systems	16	(April):	1350023.	doi:10.1142/S0219525913500239.	

Carbonell,	Eudald,	Jordi	Estevez,	Salvador	Moya-Sola,	Joan	Pons-Moya,	Jordi	Agustı,	and	Josep	F.	de	Villalta.	1981.	

“Cueva	Victoria	(Murcia,	España):	Lugar	de	Ocupación	Humana	Más	Antiguo	de	La	Península	Ibérica.”	Endins	

8:	47–57.	

http://ibdigital.uib.es/greenstone/collect/endins/import/Endins_1981v8/Endins_1981v8p047.pdf.	



Bibliography 

  220  

Carbonell,	Eudald,	Maria	Dolores	García-Antón,	Carolina	Mallol,	Marina	Mosquera,	Andreu	Ollé,	Xosé	P.	Rodríguez,	

Mohamed	Sahnouni,	Robert	Sala,	and	Josep	Maria	Vergès.	1999.	“The	TD6	Level	Lithic	Industry	from	Gran	

Dolina,	Atapuerca	(Burgos,	Spain):	Production	and	Use.”	Journal	of	Human	Evolution	37:	653–93.	

Carbonell,	Eudald,	Marina	Mosquera,	Xosé	Pedro	Rodríguez,	José	María	Bermúdez	De,	Francesc	Burjachs,	Jordi	

Rosell,	Robert	Sala,	et	al.	2008.	“Eurasian	Gates:	The	Earliest	Human	Dispersals.”	Journal	of	Anthropological	

Research	64	(2):	195–228.	

Carbonell,	Eudald,	Marina	Mosquera,	Xosé	Pedro	Rodríguez,	Robert	Sala,	and	Jan	van	der	Made.	1999.	“Out	of	

Africa:	The	Dispersal	of	the	Earliest	Technical	Systems	Reconsidered.”	Journal	of	Anthropological	

Archaeology	18:	119–36.	

Carbonell,	Eudald,	and	Xose	Pedro	Rodriguez.	2006.	“The	First	Human	Settlement	of	Mediterranean	Europe.”	

Comptes	Rendus	Palevol	5	(1–2):	291–98.	

Carbonell,	Eudald,	Robert	Sala,	Xosé	Pedro,	Marina	Mosquera,	Andreu	Ollé,	José	Josep	María,	Bienvenido	Martínez-

navarro,	et	al.	2010.	“Early	Hominid	Dispersals:	A	Technological	Hypothesis	for	‘out	of	Africa.’”	Quaternary	

International	223–224	(September).	Elsevier	Ltd	and	INQUA:	36–44.	doi:10.1016/j.quaint.2010.02.015.	

Carrión,	José	S.,	James	Rose,	and	Chris	Stringer.	2011.	“Early	Human	Evolution	in	the	Western	Palaearctic:	

Ecological	Scenarios.”	Quaternary	Science	Reviews	30	(11–12).	Elsevier	Ltd:	1281–95.	

doi:10.1016/j.quascirev.2011.04.003.	

Castellani,	Brian.	2009.	“Map	of	the	Complexity	Sciences.”	http://www.art-sciencefactory.com/complexity-

map_feb09.html.	

Cegielski,	Wendy	H.,	and	J.	Daniel	Rogers.	2016.	“Rethinking	the	Role	of	Agent-Based	Modeling	in	Archaeology.”	
Journal	of	Anthropological	Archaeology	41.	Elsevier	Inc.:	283–98.	doi:10.1016/j.jaa.2016.01.009.	

	Cerling,	Thure	E	TE,	NE	Naomi	E	Levin,	Jay	Quade,	Jonathan	G	JG	Wynn,	David	L	Fox,	John	D	Kingston,	Richard	G	

Klein,	and	Francis	H	Brown.	2010.	“Comment	on	the	Paleoenvironment	of	Ardipithecus	Ramidus.”	Science	

328	(5982):	1105–d.	doi:10.1126/science.1185274.	

Çetin,	Oktay,	Ay	Melek	Özer,	and	Albrecht	Wieser.	1994.	“ESR	Dating	of	Tooth	Enamel	from	Karain	Excavation	
(Antalya,	Turkey).”	Quaternary	Science	Reviews	13	(5–7):	661–69.	doi:10.1016/0277-3791(94)90095-7.	

	Chaid-Saoudi,	Yasmina,	Denis	Geraads,	and	Jean-Paul	Raynal.	2006.	“The	Fauna	and	Associated	Artefacts	from	

the	Lower	Pleistocene	Site	of	Mansourah	(Constantine,	Algeria).”	Comptes	Rendus	Palevol	5:	963–71.	

doi:10.1016/j.crpv.2006.08.001.	

Chamberlain,	Andrew.	2006.	Demography	in	Archaeology.	Cambridge:	Cambridge	University	Press.	

Chapon,	Cécile,	Jean	Jacques	Bahain,	Yonas	Beyene,	Jean	Baptiste	Bilcot,	Christophe	Guy,	Michel	Jullien,	Henry	de	

Lumley,	and	Olivier	Provitina.	2008.	“Le	Tuf	FJ-1	de	Fejej	(Sud-Omo,	Éthiopie):	Nouvelles	Corrélations	

Téphrostratigraphiques	Sur	La	Base	de	La	Géochimie	Avec	Les	Formations	Plio-Pléistocènes	Du	Bassin	de	

l’Omo-Turkana.”	Quaternaire	19	(2):	141–46.	

Chattoe-Brown,	Edmund.	2013.	“Why	Sociology	Should	Use	Agent	Based	Modelling.”	Sociological	Research	Online	

18	(3):	3.	doi:10.5153/sro.3055.	



Bibliography 

221 

Chauhan,	Parth	R.	2009.	“The	Lower	Paleolithic	of	the	Indian	Subcontinent.”	Evolutionary	Anthropology:	Issues,	

News,	and	Reviews	18	(2):	62–78.	doi:10.1002/evan.20199.	

Chen,	E.	Jack.	2012.	“A	Stopping	Rule	Using	the	Quasi-Independent	Sequence.”	Journal	of	Simulation	6	(2).	Nature	

Publishing	Group:	71–80.	doi:10.1057/jos.2011.23.	

Chlachula,	Jiri.	2010.	“Environmental	Context	of	Pleistocene	Peopling	of	the	Central	Urals.”	Quaternary	

International	220	(1–2).	Elsevier	Ltd	and	INQUA:	47–63.	doi:10.1016/j.quaint.2009.08.012.	

Chlachula,	Jiri.	2014.	“Siberia:	Paleolithic.”	In	Encyclopedia	of	Global	Archaeology,	edited	by	Claire	Smith,	6620–39.	

New	York:	Springer.	

Choi,	Kildo,	and	Dubel	Driwantoro.	2007.	“Shell	Tool	Use	by	Early	Members	of	Homo	Erectus	in	Sangiran,	Central	

Java,	Indonesia:	Cut	Mark	Evidence.”	Journal	of	Archaeological	Science	34:	48–58.	

doi:10.1016/j.jas.2006.03.013.	

Chung,	Christipher	A.	2004.	Simulation	Modeling	Handbook.	A	Practical	Approach.	Boca	Raton:	CRC	Press.	

Chwif,	Leonardo,	Marcos	Ribeiro	Pereira	Barretto,	and	Ray	J.	Paul.	2000.	“On	Simulation	Model	Complexity.”	In	

Proceedings	of	the	2000	Winter	Simulation	Conference,	edited	by	Paul	A.	Fishwick,	Keeborn	Kang,	Jeffrey	A.	

Joines,	and	Russell	R.	Barton,	449–445.	San	Diego:	Society	for	Computer	Simulation	International.	

doi:10.1109/WSC.2000.899751.	

Chwif,	Leonardo,	Paolo	Sérgio	Muniz,	and	Lucio	Mitio	Shimada.	2008.	“A	Prescriptive	Technique	for	V&V	of	

Simulation	Models	When	No	Real-Life	Data	Are	Available:	Results	from	a	Real-Life	Project.”	Journal	of	

Simulation	2:	81–89.	doi:10.1057/palgrave.jos.4250037.	

Clarke,	David	L.	1968.	Analytical	Archaeology.	London:	Methuen.	

Clarke,	David	L.	1972.	Models	in	Archaeology.	London:	Methuen.	

Clarke,	Ronald	J.	2014.	“Hominids,	Earliest	African.”	In	Encyclopedia	of	Global	Archaeology,	edited	by	Claire	Smith,	

3446–34449.	New	York:	Springer	New	York.	

Cole,	James.	2012.	“The	Identity	Model:	A	Method	to	Access	Visual	Display	within	the	Palaeolithic.”	Human	Origins	

1:	24–40.	

Collard,	Mark,	and	Bernard	Wood.	2000.	“How	Reliable	Are	Human	Phylogenetic	Hypotheses?”	Proceedings	of	the	

National	Academy	of	Sciences	of	the	United	States	of	America	97	(9):	5003–6.		

Collard,	Mark,	Briggs	Buchanan,	Michael	J.	O.	Brien,	and	Jonathan	Scholnick.	2013.	“Risk,	Mobility	or	Population	

Size?	Drivers	of	Technological	Richness	among	Contact-Period	Western	North	American	Hunter	−	

Gatherers.”	Philosophical	Transactions	of	the	Royal	Society	B:	Biological	Sciences	368:	20120412.	

doi:10.1098/rstb.2012.0412.	

Collard,	Mark,	Michael	Kemery,	and	Samantha	Banks.	2005.	“Causes	of	Toolkit	Variation	Among	Hunter-Gatherers:	

A	Test	of	Four	Competing	Hypotheses.”	Canadian	Journal	of	Archaeology	29:	1–19.	



Bibliography 

  222  

Collard,	Mark,	April	Ruttle,	Briggs	Buchanan,	and	Michael	J	O’Brien.	2013.	“Population	Size	and	Cultural	Evolution	

in	Nonindustrial	Food-Producing	Societies.”	PloS	One	8	(9):	e72628.	doi:10.1371/journal.pone.0072628.	

Collberg,	Christian,	Todd	Proebsting,	Gina	Moraila,	Zuoming	Shi,	and	Alex	M	Warren.	2014.	“Measuring	

Reproducibility	in	Computer	Systems	Research.”	http://reproducibility.cs.arizona.edu/v1/tr.pdf.	

Coller,	Matthew.	2007.	“SahulTime	-	Monash	University.”	http://sahultime.monash.edu.au.	

Collier,	Nicholson,	and	Jonathan	Ozik.	2013.	“Test-Driven	Agent-Based	Simulatino	Development.”	In	Proceedings	of	

the	2013	Winter	Simulation	Conference,	edited	by	R	Pasupathy,	S.-H.	Kim,	A.	Tolk,	R.	Hill,	and	M.	E.	Kuhl,	

1551–59.	Piscataway,	NJ:	IEEE	Press.	

Coltorti,	Mauro,	Gilbert	Feraud,	Andrea	Marzoli,	Carlo	Peretto,	Thao	Ton-That,	Pierre	Voinchet,	Jean-Jacques	

Bahain,	Antonella	Minelli,	and	Ursula	Thun	Hohenstein.	2005.	“New	40Ar/39Ar,	Stratigraphic	and	

Palaeoclimatic	Data	on	the	Isernia	La	Pineta	Lower	Palaeolithic	Site,	Molise,	Italy.”	Quaternary	International	

131:	11–22.	doi:10.1016/j.quaint.2004.07.004.	

Coppens,	Yves.	1994.	“East	Side	Story:	The	Origin	of	Humankind.”	Scientific	American	270	(5):	88–95.	

doi:10.1038/scientificamerican0594-88.	

Crema,	Enrico	R.,	Junko	Habu,	Kenichi	Kobayashi,	and	Marco	Madella.	2016.	“Summed	Probability	Distribution	

of14C	Dates	Suggests	Regional	Divergences	in	the	Population	Dynamics	of	the	Jomon	Period	in	Eastern	

Japan.”	PLoS	ONE	11	(4):	1–18.	doi:10.1371/journal.pone.0154809.	

Crema,	Enrico	R.,	K.	Edinborough,	Tim	Kerig,	and	Stephen	J.	Shennan.	2014.	“An	Approximate	Bayesian	

Computation	Approach	for	Inferring	Patterns	of	Cultural	Evolutionary	Change.”	Journal	of	Archaeological	

Science	50.	Elsevier	Ltd:	160–70.	doi:10.1016/j.jas.2014.07.014.	

Dambricourt	Malassé,	Anne.	2008.	“Le	Peuplement	Humain	En	Eurasie:	l’Asie	Centrale	Montagneuse	et	Les	

Piémonts	Sous-Himalayens	Du	Plio-Pléistocène	À	l’Holocène,	Origines,	Évolution	Humaine	et	Migrations.”	

Anthropologie	112	(3):	370–403.	doi:10.1016/j.anthro.2008.04.008.	

Dark,	Ken.	1992.	“The	Science	of	Archaeology.”	Philosophy	Now	3:	21–22.	

Darvill,	Timothy.	2009.	The	Concise	Oxford	Dictionary	of	Archaeology.	2nd	editio.	Oxford:	Oxford	University	Press.	

doi:10.1093/acref/9780199534043.001.0001.	

David,	Nuno.	2013.	“Validating	Simulations.”	In	Simulating	Social	Complexity.	A	Handbook,	edited	by	Bruce	

Edmonds	and	Ruth	Meyer,	135–72.	Berlin,	Heidelberg:	Springer-Verlag.	

Davidsson,	Paul,	and	Harko	Verhagen.	2013.	“Types	of	Simulation.”	In	Simulating	Social	Complexity.	A	Handbook,	

edited	by	Bruce	Edmonds	and	Ruth	Meyer,	23–38.	Berlin,	Heidelberg:	Springer-Verlag.	

Davies,	Benjamin,	and	Simon	H.	Bickler.	2015.	“Sailing	the	Simulated	Seas:	A	New	Simulation	for	Evaluating	

Prehistoric	Seafaring.”	In	Across	Space	and	Time.	Papers	from	the	41st	Conference	on	Computer	Applications	

and	Quantitative	Methods	in	Archaeology.	Perth,	25-28	March	2013,	edited	by	Arianna	Traviglia,	215–23.	

Amsterdam:	Amsterdam	University	Press.	



Bibliography 

223 

Davies,	William,	D.	White,	Mark	D.	Lewis,	and	Chris	B.	Stringer.	2015.	“Evaluating	the	Transitional	Mosaic:	
Frameworks	of	Change	from	Neanderthals	to	Homo	Sapiens	in	Eastern	Europe.”	Quaternary	Science	Reviews	
118:	211–42.	doi:10.1016/j.quascirev.2014.12.003.	

Davis,	Richard	S,	and	Vadim	A	Ranov.	1999.	“Recent	Work	on	the	Paleolithic	of	Central	Asia.”	Evolutionary	
Anthropology	8	(5):	186–93.	doi:10.1002/(SICI)1520-6505(1999)8:5<186::AID-EVAN6>3.3.CO;2-I.	

Davis,	Richard	S.	1978.	“The	Palaeolithic.”	In	The	Archaeology	of	Afghanistan,	edited	by	F.	R.	Allchin	and	N.	
Hammond,	27–70.	London:	Academic	Press.	

Davoudi,	D.,	B.	Bazgir,	R.	Abbasnejad,	D.	Barsky,	A.	Oll??,	and	M.	Otte.	2015.	“The	Lower	Paleolithic	of	Iran:	Probing	
New	Finds	from	Mar	Gwergalan	Cave	(Holeylan,	Central	Zagros).”	Archaeology,	Ethnology	and	Anthropology	
of	Eurasia	43	(1):	3–15.	doi:10.1016/j.aeae.2015.07.002.	

de	la	Torre,	Ignacio.	2004.	“Omo	Revisited.”	Current	Anthropology	45	(4):	439–65.	

de	la	Torre,	Ignacio.	2011.	“The	Early	Stone	Age	Lithic	Assemblages	of	Gadeb	(Ethiopia)	and	the	Developed	
Oldowan/early	Acheulean	in	East	Africa.”	Journal	of	Human	Evolution	60	(6):	768–812.	
doi:10.1016/j.jhevol.2011.01.009.	

de	la	Torre,	Ignacio,	and	Rafael	Mora.	2005.	Technological	Strategies	in	the	Lower	Pleistocene	at	Olduvai	Beds	I	&	II.	
Eraul.	Liège:	Université	de	Liège.	

de	Lombera-Hermida,	Arturo,	Amèlia	Bargalló,	Marcos	Terradillos-Bernal,	Rosa	Huguet,	Josep	Vallverdú,	Maria	
Dolores	García-Antón,	Marina	Mosquera,	et	al.	2015.	“The	Lithic	Industry	of	Sima	Del	Elefante	(Atapuerca,	
Burgos,	Spain)	in	the	Context	of	Early	and	Middle	Pleistocene	Technology	in	Europe.”	Journal	of	Human	
Evolution	82:	95–106.	doi:10.1016/j.jhevol.2015.03.002.	

de	Lumley,	Henry,	Medea	Nioradze,	Deborah	Barsky,	Dominique	Cauche,	Vincenzo	Celiberti,	Giorgi	Nioradze,	
Olivier	Notter,	David	Zvania,	and	David	Lordkipanidze.	2005.	“Les	Industries	Lithiques	Préoldowayennes	Du	
Début	Du	Pléistocène	Inférieur	Du	Site	de	Dmanissi	En	Géorgie.”	L’Anthropologie	109	(1):	1–182.	
doi:10.1016/j.anthro.2005.02.011.	

de	Lumley,	Henry.	2006.	“Il	Y	a	2,5	Millions	D’années…	Un	Seuil	Majeur	de	L’hominisation.	L’émergence	
de	La	Pensée	Conceptuelle	et	Des	Stratégies	Maîtrisées	Du	Débitage	de	La	Pierre.”	Comptes	Rendus	Palevol	5	
(1–2):	119–26.	doi:10.1016/j.crpv.2005.11.015.	

de	Lumley,	Henry.	2006.	“Il	Y	a	400	000	Ans:	La	Domestication	Du	Feu,	Un	Formidable	Moteur	D’hominisation.”	
Comptes	Rendus	Palevol	5	(1–2):	149–54.	doi:10.1016/j.crpv.2005.11.014.	

de	Lumley,	Henry,	Deborah	Barsky,	and	Dominique	Cauche.	2009.	“Les	Premières	Étapes	de	La	Colonisation	de	
l’Europe	et	L’arrivée	de	l’Homme	Sur	Les	Rives	de	La	Méditerranée.”	Anthropologie	113:	1–46.	
doi:10.1016/j.anthro.2009.02.001.	

de	Lumley,	Henry,	David	Lordkipanidze,	Gilbert	Féraud,	Tristan	Garcia,	Christian	Perrenoud,	Christophe	Falguères,	
Jean	Gagnepain,	Thibaud	Saos,	and	Voin.	2002.	“Datation	Par	La	Méthode	40	Ar/39	Ar	de	La	Couche	de	
Cendres	Volcaniques	(Couche	VI)	de	Dmanissi	(Géorgie)	Qui	a	Livré	Des	Restes	D’hominidés	Fossiles	de	1,81	
Ma.”	Comptes	Rendus	Palevol	1	(3):	181–89.	doi:10.1016/S1631-0683(02)00023-4.	



Bibliography 

  224  

Dean,	David,	and	Eric	Delson.	1995.	“Homo	at	the	Gates	of	Europe.”	Nature	373:	472–73.	

Dean,	Jeffrey	S.,	George	J.	Gumerman,	Joshua	M.	Epstein,	Robert	L.	Axtell,	Alan	C.	Swedlund,	Miles	Parker,	and	S.	

McCarroll.	2000.	“Understanding	Anasazi	Culture	Change	through	Agent-Based	Modeling.”	In	Dynamics	in	

Human	and	Primate	Societies:	Agent-Based	Modeling	of	Social	and	Spatial	Processes,	edited	by	Timothy	A	

Kohler	and	George	J	Gumerman,	Santa	Fe	I,	179–205.	Oxford:	Oxford	University	Press.	

Bocquet-Appel,	Jean-Pierre,	and	Claude	Masset.	1982.	“Farewell	to	Paleodemography.”	Journal	of	Human	Evolution	

11:	321–33.	

Bocquet-Appel,	Jean-Pierre,	and	Anna	Degioanni.	2013.	“Neanderthal	Demographic	Estimates.”	Current	

Anthropology	54	(S8):	S202–13.	doi:10.1086/673725.	

Delagnes,	Anne,	and	Hélène	Roche.	2005.	“Late	Pliocene	Hominid	Knapping	Skills:	The	Case	of	Lokalalei	2C,	West	

Turkana,	Kenya.”	Journal	of	Human	Evolution	48	(5):	435–72.	doi:10.1016/j.jhevol.2004.12.005.	

DeMoncal,	Peter	B.	2004.	“African	Climate	Change	and	Faunal	Evolution	during	the	Pliocene-Pleistocene.”	Earth	

and	Planetary	Science	Letters	220	(1–2):	3–24.	doi:10.1016/S0012-821X(04)00003-2.	

DeMoncal,	Peter	B.	1995.	“Plio-Pleistocene	African	Climate.”	Science	270	(5233):	53–59.	

Deng,	Chenglong,	Qi	Wei,	Rixiang	Zhu,	Hongqiang	Wang,	Rui	Zhang,	Hong	Ao,	Liao	Chang,	and	Yongxin	Pan.	2006.	

“Magnetostratigraphic	Age	of	the	Xiantai	Paleolithic	Site	in	the	Nihewan	Basin	and	Implications	for	Early	

Human	Colonization	of	Northeast	Asia.”	Earth	and	Planetary	Science	Letters	244:	336–48.	

doi:10.1016/j.epsl.2006.02.001.	

Dennell,	Robin.	2003.	“Dispersal	and	Colonisation,	Long	and	Short	Chronologies:	How	Continuous	Is	the	Early	

Pleistocene	Record	for	Hominids	Outside	East	Africa?”	Journal	of	Human	Evolution	45	(6):	421–40.	

doi:10.1016/j.jhevol.2003.09.006.	

Dennell,	Robin.	2004.	“Hominid	Dispersals	and	Asian	Biogeography	during	the	Lower	and	Early	Middle	

Pleistocene,	C.	2.0-0.5	Mya.”	Asian	Perspectives	43	(2):	205–26.	

Dennell,	Robin.	2009.	The	Palaeolithic	Settlement	of	Asia.	Cambridge.	Cambridge:	Cambridge	University	Press.	

Dennell,	Robin.	2010.	“‘Out	of	Africa	I’:	Current	Problems	and	Future	Prospects.”	In	Out	of	Africa	I:	The	First	

Hominin	Colonization	of	Eurasia,	edited	by	John	G	Fleagle,	John	J.	Shea,	Frederick	E.	Grine,	Andrea	L	Baden,	

and	Richard	E	Leakey,	247–73.	Dordrecht:	Springer.	doi:10.1007/978-90-481-9036-2.	

Dennell,	Robin.	2013.	“The	Nihewan	Basin	of	North	China	in	the	Early	Pleistocene:	Continuous	and	Flourishing,	or	

Discontinuous,	Infrequent	and	Ephemeral	Occupation?”	Quaternary	International	295.	Elsevier	Ltd	and	

INQUA:	223–36.	doi:10.1016/j.quaint.2012.02.012.	

Dennell,	Robin.	2013.	“Hominins,	Deserts,	and	the	Colonisation	and	Settlement	of	Continental	Asia.”	Quaternary	

International	300.	Elsevier	Ltd	and	INQUA:	13–21.	doi:10.1016/j.quaint.2012.12.002.	

Dennell,	Robin.	2016.	“Life	without	the	Movius	Line:	The	Structure	of	the	East	and	Southeast	Asian	Early	

Palaeolithic.”	Quaternary	International	400:	14–22.	doi:10.1016/j.quaint.2015.09.001.	



Bibliography 

225 

Dennell,	Robin,	María	Martinón-Torres,	and	José	M.	Bermúdez	de	Castro.	2011.	“Hominin	Variability,	Climatic	

Instability	and	Population	Demography	in	Middle	Pleistocene	Europe.”	Quaternary	Science	Reviews	30	(11–

12):	1511–24.	doi:10.1016/j.quascirev.2009.11.027.	

Dennell,	Robin,	and	Wil	Roebroeks.	2005.	“An	Asian	Perspective	on	Early	Human	Dispersal	from	Africa.”	Nature	

438	(7071):	1099–1104.	

Dennell,	Robin,	and	Wil	Roebroeks.	1996.	“The	Earliest	Colonization	of	Europe:	The	Short	Chronology	Revisited.”	

Antiquity	70	(269):	535–42.	

Derevianko,	Anatoli	P.	2006.	“The	Lower	Paleolithic	Small	Tool	Industry	in	Eurasia:	Migration	or	Convergent	

Evolution?”	Archaeology,	Ethnology	and	Anthropology	of	Eurasia	25	(1):	2–32.	

doi:10.1134/S1563011006010014.	

Derevianko,	Anatoli	P.,	J.	W.	Olsen,	D.	Tseveendorj,	A.	I.	Krivoshapkin,	V.	T.	Petrin,	and	P.	Jeffrey	Brantingham.	

2000.	“The	Stratified	Cave	Site	of	Tsagaan	Agui	in	the	Gobi	Altai	(Mongolia).”	Archaeology,	Ethnology	and	

Anthropology	of	Eurasia.	

Derevianko,	Anatoli	P.,	and	Michael	V.	Shunkov.	2009.	“Development	of	Early	Human	Culture	in	Northern	Asia.”	

Paleontological	Journal	43	(8):	881–89.	doi:10.1134/S0031030109080061.	

Derevianko,	Anatoli	P.,	and	Michael	V.	Shunkov.	2014.	“Northern	and	Central	Asia:	Culture	During	the	Lower	

Paleolithic	Era.”	In	Encyclopedia	of	Global	Archaeology,	edited	by	Claire	Smith,	5475–89.	New	York:	Springer.	

Derevianko,	Anatoly	P.	2008.	“The	Bifacial	Technique	in	China.”	Archaeology,	Ethnology	and	Anthropology	of	

Eurasia	33	(1):	2–32.	doi:10.1016/j.aeae.2008.04.015.	

Derevianko,	Anatoly	P.,	Alexander	V.	Postnov,	Eugeny	P.	Rybin,	Yaroslav	V.	Kuzmin,	and	Susan	G.	Keates.	2007.	

“The	Pleistocene	Peopling	of	Siberia:	A	Review	of	Environmental	and	Behavioural	Aspects.”	Bulletin	of	the	

Indo-Pacific	Prehistory	Association	25	(0):	57–68.	doi:10.7152/bippa.v25i0.11915.	

Derex,	Maxime,	Marie-Pauline	Beugin,	Bernard	Godelle,	and	Michel	Raymond.	2013.	“Experimental	Evidence	for	

the	Influence	of	Group	Size	on	Cultural	Complexity.”	Nature	503	(7476).	Nature	Publishing	Group:	389–91.	

doi:10.1038/nature12774.	

Derricourt,	Robin.	2005.	“Getting	‘Out	of	Africa’:	Sea	Crossings,	Land	Crossings	and	Culture	in	the	Hominin	

Migrations.”	Journal	of	World	Prehistory	19	(2):	119–32.	doi:10.1007/s10963-006-9002-z.	

Despriée,	Jackie,	Robert	Gageonnet,	Pierre	Voinchet,	Jean-Jaques	Bahain,	Christophe	Falguères,	and	Jean	Dépont.	

2005.	“Les	Industries	Á	Bifaces	Des	Nappes	Alluviales	Du	Bassin	Moyen	de	La	Loire	(Région	Centre).”	In	Les	

Premiers	Peuplements	En	Europe.	Colloque	International:	Données	Récentes	Sur	Les	Modalités	de	Peuplement	

et	Sur	La	Cadre	Chronostratigraphique,	Géologique	et	Paléogéographique	Des	Industries	Du	Paléolithique	

Ancien	et	Moyen	En	Europe,	edited	by	Nathalie	Molines,	Marie-Hélène	Moncel,	and	Gilliane	F.	Monnier,	431–

45.	Oxford:	Archaeopress.	

Despriée,	Jackie,	Pierre	Voinchet,	Hélène	Tissoux,	Marie-Hélène	Moncel,	Marta	Arzarello,	Sophie	Robin,	Jean-

Jacques	Bahain,	et	al.	2010.	“Lower	and	Middle	Pleistocene	Human	Settlements	in	the	Middle	Loire	River	

Basin,	Centre	Region,	France.”	Quaternary	International	223–224:	345–59.	

doi:10.1016/j.quaint.2009.07.019.	



Bibliography 

  226  

Di	Paolo,	Ezequiel	A.,	Jason	Noble,	and	Seth	Bullock.	2000.	“Simulation	Models	as	Opaque	Thought	Experiments.”	

In	Artificial	Life	VII:	Proceedings	of	the	Seventh	International	Conference	on	Artificial	Life,	edited	by	N.	

Packard	and	S.	Rasmussen	M.	A.	Bedau,	J.	S.	McCaskill,	497–506.	Cambridge:	MIT	Press.	

Di	Piazza,	Anne,	Philippe	Di	Piazza,	and	Erik	Pearthree.	2007.	“Sailing	Virtual	Canoes	across	Oceania:	Revisiting	

Island	Accessibility.”	Journal	of	Archaeological	Science	34	(8):	1219–25.	doi:10.1016/j.jas.2006.10.013.	

Domínguez-Rodrigo,	Manuel.	2002.	“Hunting	and	Scavenging	by	Early	Humans:	The	State	of	the	Debate.”	Journal	of	

World	Prehistory	16	(1):	1–54.	doi:10.1023/A:1014507129795.	

Doran,	James.	1970.	“Systems	Theory,	Computer	Simulations	and	Archaeology.”	World	Archaeology	1	(3):	289–98.	

Dorin,	Alan,	and	Nicholas	Geard.	2014.	“The	Practice	of	Agent-Based	Model	Visualization.”	Artificial	Life	20	(2):	

271–89.	doi:10.1162/ARTL_a_00129.	

Doronichev,	Vladimir.	2000.	“Lower	Paleolithic	Occupation	of	the	Northern	Caucasus.”	In	Early	Humans	at	the	

Gates	of	Eu-	Rope,	Proceedings	of	the	First	International	Symposium,	Dmanisi,	Tbilisi	(Georgia),	September	

1998,	edited	by	David	Lordkipanidze,	Ofer	Bar-Yosef,	and	Marcel	Otte,	67–77.	Liège:	Université	de	Liège.	

Doronichev,	Vladimir.	2008.	“The	Lower	Paleolithic	in	Eastern	Europe	and	the	Caucasus:	A	Reappraisal	of	the	Data	

and	New	Approaches.”	PaleoAnthropology,	107–57.	

Doronichev,	Vladimir,	and	Liubov	Golovanova.	2010.	“Beyond	the	Acheulean:	A	View	on	the	Lower	Paleolithic	

Occupation	of	Western	Eurasia.”	Quaternary	International	223–224.	Elsevier	Ltd	and	INQUA:	327–44.	

doi:10.1016/j.quaint.2009.12.003.	

Downey,	Allen	B.	2012.	Think	Complexity.	Sebastopol,	CA:	O’Reilly.	

Drake,	Nick	A.,	Roger	M.	Blench,	Simon	J.	Armitage,	Charlie	S.	Bristow,	and	Kevin	H.	White.	2011.	“Ancient	

Watercourses	and	Biogeography	of	the	Sahara	Explain	the	Peopling	of	the	Desert.”	Proceedings	of	the	

National	Academy	of	Sciences	of	the	United	States	of	America	108	(2):	458–62.	

doi:10.1073/pnas.1012231108.	

Dunbar,	Robin	I.	M.	2003.	“The	Social	Brain:	Mind,	Language,	and	Society	in	Evolutionary	Perspective.”	Annual	

Review	of	Anthropology	32:	163–81.	doi:10.2307/25064825.	

Dunbar,	Robin	I.	M.	1993.	“Co-Evolution	of	Neocortex	Size,	Group	Size	and	Language	in	Humans.”	Behavioral	and	

Brain	Sciences	16	16	(4):	681–735.	http://www.bbsonline.org/documents/a/00/00/05/65/bbs000005...	

Duval,	Mathieu,	Davinia	Moreno,	Qingfeng	Shao,	Pierre	Voinchet,	Christophe	Falguères,	Jean-jacques	Bahain,	

Tristan	Garcia,	Joan	García,	and	Kenneth	Martínez.	2011.	“Datación	Por	ESR	Del	Yacimiento	Arqueológico	

Del	Pleistoceno	Inferior	de	Vallparadís	(Terrassa,	Cataluña,	España).”	Trabajos	de	Prehistoria	68	(1):	7–24.	

doi:10.3989/tp.2011.11056.	

Echaide,	Maria	Dolores.	1971.	“La	Industria	Lítica	Del	Yacimiento	de	Budiño	(Pontevedra,	España).”	Munibe	1	(1):	

125–54.	



Bibliography 

227 

Echassoux,	Anna.	2009.	“Les	Premiers	Européens	et	La	Dynamique	Des	Interactions	Avec	Leur	Environnement:	
Comportement	Écologique	et	Niveau	de	Cognition.”	Anthropologie	113	(1):	191–97.	
doi:10.1016/j.anthro.2008.12.003.	

Edmonds,	Bruce,	and	David	Hales.	2003.	“Replication,	Replication	and	Replication:	Some	Hard	Lessons	from	Model	
Alignment.”	Journal	of	Artificial	Societies	and	Social	Simulation	6	(4).	
http://jasss.soc.surrey.ac.uk/6/4/11.html.	

Edmonds,	Bruce,	and	Ruth	Meyer,	eds.	2013.	Simulating	Social	Complexity.	A	Handbook.	Berlin,	Heidelberg:	
Springer-Verlag.	doi:10.1007/978-3-540-93813-2.	

Edmonds,	Bruce,	and	Scott	Moss.	2005.	“From	KISS	to	KIDS	–	an	‘anti-Simplistic’	Modelling	Approach.”	In	Multi-
Agent	and	Multi-Agent	Based	Simulation.	Joint	Workshop	MABS	2004,	New	York,	NY,	USA,	July	19,	2004,	

Revised	Selected	Papers,	edited	by	Paul	Davidsson,	Brian	Logan,	and	Keiki	Takadama,	Lecture	No,	130–144.	
Berlin:	Springer	Berlin	Heidelberg.	doi:10.1007/978-3-540-32243-6_11.	

Egeland,	Charles	P.	2008.	“Patterns	of	Early	Hominid	Site	Use	at	Olduvai	Gorge.”	Mitteilungen	Der	Gesellschaft	Fur	
Urgeschichte	17:	9–37.	

Epstein,	Joshua.	2006.	“Agent-Based	Computational	Models	and	Generative	Social	Science.”	In	Generative	Social	
Science:	Studies	in	Agent-Based	Computational	Modeling,	edited	by	Joshua	M.	Epstein,	4–46.	Princeton:	
Princeton	University	Press.	

Epstein,	Joshua	M.	2008.	“Why	Model ?”	Journal	of	Artificial	Societies	and	Social	Simulation	11	(4).	
http://jasss.soc.surrey.ac.uk/11/4/12.html.	

Evans,	Andrew,	Alison	Heppenstall,	and	Mark	Birkin.	2013.	“Understanding	Simulation	Results.”	In	Simulating	
Social	Complexity.	A	Handbook,	edited	by	Bruce	Edmonds	and	Ruth	Meyer,	173–96.	Berlin,	Heidelberg:	
Springer-Verlag.	

Falguères,	Christophe.	2003.	“ESR	Dating	and	the	Human	Evolution:	Contribution	to	the	Chronology	of	the	Earliest	
Humans	in	Europe.”	Quaternary	Science	Reviews	22	(10–13):	1345–51.	doi:10.1016/S0277-3791(03)00047-
7.	

Falguères,	Christophe,	Jean	Jacques	Bahain,	Alfredo	Pérez-González,	Norbert	Mercier,	Manuel	Santonja,	and	Jean	
Michel	Dolo.	2006.	“The	Lower	Acheulian	Site	of	Ambrona,	Soria	(Spain):	Ages	Derived	from	a	Combined	
ESR/U-Series	Model.”	Journal	of	Archaeological	Science	33	(2):	149–57.	doi:10.1016/j.jas.2005.07.006.	

Falguères,	Christophe,	Yuji	Yokoyama,	Guanjun	Shen,	James	L.	Bischoff,	Teh	Lung	Ku,	and	Henry	de	Lumley.	2004.	
“New	U-Series	Dates	at	the	Caune	de	l’Arago,	France.”	Journal	of	Archaeological	Science	31:	941–52.	
doi:10.1016/j.jas.2003.12.008.	

Fasham,	M.J.R.	1995.	“Variations	in	the	Seasonal	Cycle	of	Biological	Production	in	Subarctic	Oceans:	A	Model	
Sensitivity	Analysis.”	Deep	Sea	Research	Part	I:	Oceanographic	Research	Papers	42	(7):	1111–49.	
doi:10.1016/0967-0637(95)00054-A.	

Ferring,	Reid,	Oriol	Oms,	Jordi	Agustí,	Francesco	Berna,	Medea	Nioradze,	Teona	Shelia,	Martha	Tappen,	Abesalom	
Vekua,	David	Zhvania,	and	David	Lordkipanidze.	2011.	“Earliest	Human	Occupations	at	Dmanisi	(Georgian	



Bibliography 

  228  

Caucasus)	Dated	to	1.85-1.78	Ma.”	Proceedings	of	the	National	Academy	of	Sciences	of	the	United	States	of	

America	108	(26):	10432–36.	doi:10.1073/pnas.1106638108.	

Fiedler,	Lutz.	1995.	“Quelques	artefacts	de	Mauer,	site	de	la	mandibule	d’Homo	erectus	Heidelbergensis.”	L’	

Anthropologie	99	(1):	115–19.	http://cat.inist.fr/?aModele=afficheN&cpsidt=3731044.	

Fiedler,	Lutz,	and	Jens	Lorenz	Franzen.	2002.	“Artefakte	Vom	Altpleistozaanen	Fundplatz	Dorn	Durkheim	3	Am	

Noordlichen	Oberrhein.”	Germania	80:	421–40.	

Field,	Julie	S.,	and	Marta	Mirazón	Lahr.	2006.	“Assessment	of	the	Southern	Dispersal:	GIS-Based	Analyses	of	

Potential	Routes	at	Oxygen	Isotopic	Stage	4.”	Journal	of	World	Prehistory	19	(1):	1–45.	doi:10.1007/s10963-

005-9000-6.	

Fitzpatrick,	Scott	M,	and	Richard	T	Callaghan.	2013.	“Estimating	Trajectories	of	Colonisation	to	the	Mariana	

Islands,	Western	Pacific.”	Antiquity	87:	840–53.	

Foley,	Jonathan	A.,	Michael	T.	Coe,	Marten	Scheffer,	and	Guiling	Wang.	2003.	“Regime	Shifts	in	the	Sahara	and	

Sahel:	Interactions	between	Ecological	and	Climatic	Systems	in	Northern	Africa.”	Ecosystems	6	(6):	524–32.	

doi:10.1007/s10021-002-0227-0.	

Foley,	Robert.	2002.	“Adaptive	Radiations	and	Dispersals	in	Hominin	Evolutionary	Ecology.”	Evolutionary	

Anthropology	Suppl	1:	32–37.	doi:10.1002/evan.10051.	

Foley,	Robert	A.	2001.	“The	Evolutionary	Consequences	of	Increased	Carnivory	in	Hominids.”	In	Meat-Eating	and	

Human	Evolution,	edited	by	Craig	B.	Stanford	and	Henry	T.	Bunn,	305–31.	Oxford:	Oxford	University	Press.	

Foley,	Robert,	and	Marta	Mirazón	Lahr.	2003.	“On	Stony	Ground:	Lithic	Technology,	Human	Evolution,	and	the	

Emergence	of	Culture.”	Evolutionary	Anthropology	12	(3):	109–22.	doi:10.1002/evan.10108.	

Forestier,	Hubert,	Heng	Sophady,	Simon	Puaud,	Roland	Mourer,	Laurence	Billault,	Marc	Philippe,	and	Valéry	

Zeitoun.	2014.	“New	Evidence	of	Old	Stone	Tools	from	the	Mekong	Terraces,	Cambodia.”	Comptes	Rendus	

Palevol	13	(2).	Academie	des	sciences:	109–20.	doi:10.1016/j.crpv.2013.09.006.	

Fort,	Joaquim.	2012.	“Synthesis	between	Demic	and	Cultural	Diffusion	in	the	Neolithic	Transition	in	Europe.”	

Proceedings	of	the	National	Academy	of	Sciences	of	the	United	States	of	America	109	(46):	18669–73.	

doi:10.1073/pnas.1200662109.	

Fort,	Joaquim,	Toni	Pujol,	and	Marc	Vander	Linden.	2012.	“Modelling	the	Neolithic	Transition	in	the	Near	East	and	

Europe.”	American	Antiquity	77	(2):	203–19.	doi:10.7183/0002-7316.77.2.203.	

Frank,	Ulrich,	and	Klaus	G.	Troitzsch.	2005.	“Epistemological	Perspectives	on	Simulation.”	Journal	of	Artificial	

Societies	and	Social	Simulation	8	(4).	http://jasss.soc.surrey.ac.uk/8/4/7.html.	

Gabounia,	Léo,	Marie-Antoinette	de	Lumley,	Abesalom	Vekua,	David	Lordkipanidze,	and	Henry	de	Lumley.	2002.	

“Découverte	D’un	Nouvel	Hominidé	À	Dmanissi	(Transcaucasie,	Géorgie).”	Comptes	Rendus	Palevol	1	(4):	

243–53.	doi:10.1016/S1631-0683(02)00032-5.	

Gabunia,	Leo,	Abesalom	Vekua,	David	Lordkipanidze,	Carl	C.	Swisher,	Reid	Ferring,	Antje	Justus,	Medea	Nioradze,	

et	al.	2000.	“Earliest	Pleistocene	Hominid	Cranial	Remains	from	Dmanisi,	Republic	of	Georgia:	Taxonomy,	



Bibliography 

229 

Geological	Setting,	and	Age.”	Science	288	(5468):	1019–25.	

http://www.ncbi.nlm.nih.gov/pubmed/10807567.	

Gaillard,	Claire.	2006.	“Les	Premiers	Peuplements	d’Asie	Du	Sud:	Vestiges	Culturels.”	Comptes	Rendus	Palevol	5:	

359–69.	doi:10.1016/j.crpv.2005.09.007.	

Galán,	José	M.,	Luis	R.	Izquierdo,	Segismundo	S.	Izquierdo,	José	I.	Santos,	Ricardo	del	Olmo,	and	Adolfo	López-

Paredes.	2013.	“Checking	Simulations:	Detecting	and	Avoiding	Errors	andArtefacts.”	In	Simulating	Social	

Complexity.	A	Handbook,	edited	by	Bruce	Edmonds	and	Ruth	Meyer,	Understand.	Berlin,	Heidelberg:	

Springer-Verlag.	

Galán,	José	Manuel,	Luis	R	Izquierdo,	Segismundo	S	Izquierdo,	José	Ignacio	Santos,	Ricardo	del	Olmo,	Adolfo	

López-Paredes,	and	Bruce	Edmonds.	2009.	“Errors	and	Artefacts	in	Agent-Based	Modelling.”	Journal	of	

Artificial	Societies	and	Social	Simulation	12	(1).	http://jasss.soc.surrey.ac.uk/12/1/1.html.	

Galilei,	Galileo.	1623.	Il	Saggiatore.	Rome.	After:	http://www-history.mcs.st-

andrews.ac.uk/Quotations/Galileo.html	and	https://en.wikiquote.org/wiki/Galileo_Galilei.	

Gallotti,	Rosalia.	2013.	“An	Older	Origin	for	the	Acheulean	at	Melka	Kunture	(Upper	Awash,	Ethiopia):	Techno-

Economic	Behaviours	at	Garba	IVD.”	Journal	of	Human	Evolution	65	(5).	Elsevier	Ltd:	594–620.	

doi:10.1016/j.jhevol.2013.07.001.	

Gamble,	Clive.	2002.	The	Palaeolithic	Societies	of	Europe.	Cambridge:	Cambridge	University	Press.	

Gamble,	Clive.	1993.	Timewalkers:	The	Prehistory	of	Global	Colonization.	Stroud:	Alan	Sutton.	

Gamble,	Clive,	and	Martin	Porr.	2005.	“From	Empty	Spaces	to	Lived	Lives.	Exploring	the	Individual	in	the	

Palaeolithic.”	In	The	Hominid	Individual	in	Context.	Archaeological	Investigations	of	Lower	and	Middle	

Palaeolithic	Landscapes,	Locales	and	Artefacts,	edited	by	Clive	Gamble	and	Martin	Porr,	1–12.	Oxon:	

Routledge.	

Gao,	Xing.	2013.	“Paleolithic	Cultures	in	China:	Uniqueness	and	Divergence.”	Current	Anthropology	54	(S8):	S358–

70.	doi:10.1086/673502.	

Gao,	Xing,	Qi	Wei,	Chen	Shen,	and	Susan	G.	Keates.	2005.	“Light	on	the	Earliest	Hominid	Ocupation	in	East	Asia.”	

Current	Anthropology	46	(December	S5):	S115-120.	

García	Sánchez,	Eduardo.	2006.	“El	Poblamiento	de	Europa	En	Torno	Al	Límite	Matuyama/Brunhes:	Su	Origen	Y	

Su	Significado	En	La	Evolución	Humana.”	Trabajos	de	Prehistoria	63	(1):	47–68.	

Garcia,	Joan,	Kenneth	Martínez,	Eudald	Carbonell,	Jordi	Agustí,	and	Francesc	Burjachs.	2012.	“Defending	the	Early	

Human	Occupation	of	Vallparadís	(Barcelona,	Iberian	Peninsula):	A	Reply	to	Madurell-Malapeira	et	Al.	

(2012).”	Journal	of	Human	Evolution	63:	568–75.	doi:10.1016/j.jhevol.2012.06.001.	

Geraads,	Denis,	Jean-Jacques	Hublin,	Jean-Jacques	Jaeger,	Haiyan	Tong,	Sevket	Sen,	and	Philippe	Toubeau.	1986.	

“The	Pleistocene	Hominid	Site	of	Ternifine,	Algeria:	New	Results	on	the	Environment,	Age,	and	Human	

Industries.”	Quaternary	Research	25:	380–86.	doi:10.1016/0033-5894(86)90008-6.	



Bibliography 

  230  

Geraads,	Denis,	Jean-Paul	Raynal,	and	Vera	Eisenmann.	2004.	“The	Earliest	Human	Occupation	of	North	Africa:	A	
Reply	to	Sahnouni	et	Al.	(2002).”	Journal	of	Human	Evolution	46:	751-761-775.	
doi:10.1016/j.jhevol.2004.01.008.	

Gibbon,	Ryan	J.,	Darryl	E.	Granger,	Kathleen	Kuman,	and	Timothy	C.	Partridge.	2009.	“Early	Acheulean	Technology	
in	the	Rietputs	Formation,	South	Africa,	Dated	with	Cosmogenic	Nuclides.”	Journal	of	Human	Evolution	56	
(2).	Elsevier	Ltd:	152–60.	doi:10.1016/j.jhevol.2008.09.006.	

Gilbert,	Nigel	G.,	and	Klaus	G.	Troitzsch.	2005.	Simulation	for	the	Social	Scientist.	Maidenhead:	Open	University	
Press.	

Gilbert,	Nigel,	and	Pietro	Terna.	2000.	“How	to	Build	and	Use	Agent-Based	Models	in	Social	Science.”	Mind	&	
Society	1	(1):	57–72.	doi:10.1007/BF02512229.	

Ginat,	Hanan,	Ezra	Zilberman,	and	Idit	Saragusti.	2003.	“Early	Pleistocene	Lake	Deposits	and	Lower	Paleolithic	
Finds	in	Nahal	(Wadi)	Zihor,	Southern	Negev	Desert,	Israel.”	Quaternary	Research	59:	445–58.	
doi:10.1016/S0033-5894(03)00029-2.	

GitHub.	2014.	“GitHub.	Build	Software	Better,	Together.”	

Gladiline,	Vladislav,	and	Valeriy	Sitlivy.	1990.	“Genesis	of	Levallois	Technique	in	Transcarpathia.”	Revue	
d’Archéologie	et	de	Paléontologie	9:	23–43.	

Glantz,	Michelle	M.	2010.	“The	History	of	Hominin	Occupation	of	Central	Asia	in	Review.”	In	Asian	
Paleoanthropology.	From	Africa	to	China	and	Beyond,	edited	by	Christopher	J.	Norton	and	David	R.	Braun,	
101–12.	Amsterdam:	Springer	Netherlands.	doi:10.1007/978-90-481-9094-2.	

González,	Echegaray	Joaquín,	and	Leslie	G.	Freeman.	1998.	Le	Paléolitique	Inférieur	et	Moyen	En	Espagne.	
Collection.	Grenoble:	Jérôme	Millon.	

Gopi,	E.	S.	2007.	Algorithm	Collections	for	Digital	Signal	Processing	Applications	Using	Matlab.	Dordercht:	Springer	
Netherlands.	doi:10.1007/978-1-4020-6410-4.	

Gore,	Richard,	and	Paul	F.	Reynolds.	2010.	“INSIGHT:	Understanding	Unexpected	Behaviours	in	Agent-Based	
Simulations.”	Journal	of	Simulation	4	(3).	Palgrave	Macmillan:	170–80.	doi:10.1057/jos.2009.26.	

Gore,	Ross,	and	Paul	F	Reynolds.	2008.	“Applying	Causal	Inference	to	Understand	Emergent	Behavior.”	In	
Proceedings	of	the	2008	Winter	Simulation	Conference,	edited	by	Scott	Mason,	Ray	Hill,	Lars	Mönch,	Oliver	
Rose,	Thomas	Jefferson,	and	John	W.	Fowler,	712–21.	Miami:	Winter	Simulation	Conference.	

Goren-Inbar,	N,	C	S	Feibel,	K	L	Verosub,	Y	Melamed,	M	E	Kislev,	E	Tchernov,	and	I	Saragusti.	2000.	“Pleistocene	
Milestones	on	the	out-of-Africa	Corridor	at	Gesher	Benot	Ya’aqov,	Israel.”	Science	(New	York,	N.Y.)	289	
(2000):	944–47.	doi:10.1126/science.289.5481.944.	

Goren-Inbar,	Naama,	Nira	Alperson,	Mordechai	E	Kislev,	Orit	Simchoni,	Yoel	Melamed,	Adi	Ben-Nun,	and	Ella	
Werker.	2004.	“Evidence	of	Hominin	Control	of	Fire	at	Gesher	Benot	Ya’aqov,	Israel.”	Science	(New	York,	
N.Y.)	304	(5671):	725–27.	doi:10.1126/science.1095443.	



Bibliography 

231 

Goren-Inbar,	Naama,	Ella	Werker,	and	Craig	S.	Feibel.	2002.	The	Acheulean	Site	of	Gesher	Benot	Ya’aqov,	Israel.	The	

Wood	Assemblage.	Oxford:	Oxbow	Books.	

Gowlett,	J.A.J.	1999.	“The	Lower	and	Middle	Palaeolithic,	Transition	Problems	and	Hominid	Species:	Greece	in	

Broader	Perspective.”	In	The	Palaeolithic	Archaeology	of	Greece	and	Adjecent	Areas.	Proceedings	of	the	

ICOPAG	Conference,	Ioannina,	September	1994,	edited	by	G.	N.	Bailey,	E.	Adam,	E.	Panagopoulou,	C.	Perlès,	

and	K.	Zachos,	43–58.	London:	The	British	School	at	Athens.	

Graham,	Shawn,	and	Scott	Weingart.	2015.	“The	Equifinality	of	Archaeological	Networks:	An	Agent-Based	

Exploratory	Lab	Approach.”	Journal	of	Archaeological	Method	and	Theory	22	(1):	248–74.	

doi:10.1007/s10816-014-9230-y.	

Granger,	Darryl	E.,	Ryan	J.	Gibbon,	Kathleen	Kuman,	Ronald	J.	Clarke,	Laurent	Bruxelles,	and	Marc	W.	Caffee.	2015.	

“New	Cosmogenic	Burial	Ages	for	Sterkfontein	Member	2	Australopithecus	and	Member	5	Oldowan.”	Nature	

522	(7554):	85–88.	doi:10.1038/nature14268.	

Grifoni,	Renata,	and	Carlo	Tozzi.	2006.	“L’émergence	Des	Identités	Culturelles	Au	Paléolithique	Inférieur:	Le	Cas	de	

l’Italie.”	Comptes	Rendus	Palevol	5	(1–2):	137–48.	doi:10.1016/j.crpv.2005.12.004.	

Grimm,	Volker.	1999.	“Ten	Years	of	Individual-Based	Modelling	in	Ecology:	What	Have	We	Learned	and	What	

Could	We	Learn	in	the	Future?”	Ecological	Modelling	115	(2–3):	129–48.	doi:10.1016/S0304-

3800(98)00188-4.	

Grimm,	Volker,	Uta	Berger,	Finn	Bastiansen,	Sigrunn	Eliassen,	Vincent	Ginot,	Jarl	Giske,	John	Goss-Custard,	et	al.	

2006.	“A	Standard	Protocol	for	Describing	Individual-Based	and	Agent-Based	Models.”	Ecological	Modelling	

198	(1–2):	115–26.	doi:10.1016/j.ecolmodel.2006.04.023.	

Grimm,	Volker,	Uta	Berger,	Donald	L.	DeAngelis,	J.	Gary	Polhill,	Jarl	Giske,	and	Steven	F.	Railsback.	2010.	“The	ODD	

Protocol:	A	Review	and	First	Update.”	Ecological	Modelling	221	(23).	Elsevier	B.V.:	2760–68.	

doi:10.1016/j.ecolmodel.2010.08.019.	

Grimm,	Volker,	and	Steven	F	Railsback.	2012.	“Pattern-Oriented	Modelling:	A	‘Multi-Scope’	for	Predictive	Systems	

Ecology.”	Philosophical	Transactions	of	the	Royal	Society	of	London.	Series	B,	Biological	Sciences	367	(1586):	

298–310.	doi:10.1098/rstb.2011.0180.	

Grimm,	Volker,	Eloy	Revilla,	Uta	Berger,	Florian	Jeltsch,	Wolf	M	Mooij,	Steven	F	Railsback,	Hans-hermann	Thulke,	

Jacob	Weiner,	Thorsten	Wiegand,	and	Donald	L	Deangelis.	2005.	“Pattern-Oriented	Modeling	of	Agent-Based	

Complex	Systems :	Lessons	from	Ecology.”	Science	310:	987–92.	

Groucutt,	Huw	S,	and	Michael	D	Petraglia.	2012.	“The	Prehistory	of	the	Arabian	Peninsula:	Deserts,	Dispersals,	and	

Demography.”	Evolutionary	Anthropology	21	(3):	113–25.	doi:10.1002/evan.21308.	

Grove,	Matt.	2011.	“Speciation,	Diversity,	and	Mode	1	Technologies:	The	Impact	of	Variability	Selection.”	Journal	of	

Human	Evolution	61	(3).	Elsevier	Ltd:	306–19.	doi:10.1016/j.jhevol.2011.04.005.	

Grove,	Matt.	2015.	“Palaeoclimates,	Plasticity,	and	the	Early	Dispersal	of	Homo	Sapiens.”	Quaternary	International	

369.	Elsevier	Ltd:	17–37.	doi:10.1016/j.quaint.2014.08.019.	



Bibliography 

  232  

Grove,	Matt.	2014.	“Evolution	and	Dispersal	under	Climatic	Instability:	A	Simple	Evolutionary	Algorithm.”	Adaptive	

Behavior	22	(4):	235–54.	doi:10.1177/1059712314533573.	

Gruber,	Thomas	R.	1993.	“A	Translation	Approach	to	Portable	Ontology	Specifications.”	Knowledge	Acquisition	5	

(April):	199–220.	doi:10.1.1.101.7493.	

Guadelli,	Jean-Luc,	Nikolay	Sirakov,	Stefanka	Ivanova,	Svoboda	Sirakova,	Elka	Anastassova,	Patrice	Courtaud,	Irena	

Dimitrova,	et	al.	2005.	“Une	Sequence	Du	Paleolithique	Inferieur	Au	Paleolithique	Recent	Dans	Les	Balkans:	

La	Grotte	Kozarnika	a	Orechets	(Nord-Ouest	de	La	Bulgarie).”	In	Les	Premiers	Peuplements	En	Europe.	

Colloque	International:	Données	Récentes	Sur	Les	Modalités	de	Peuplement	et	Sur	La	Cadre	

Chronostratigraphique,	Géologique	et	Paléogéographique	Des	Industries	Du	Paléolithique	Ancien	et	Moyen	En	

Europe,	edited	by	N.	Molines,	Marie-Hélène	Moncel,	and	Gilliane	F.	Monnier,	87–103.	Oxford:	Archaeopress.	

Gulec,	Erksin,	Tim	White,	Steven	Kuhn,	Ismail	Ozer,	Mehmet	Sagir,	Hakan	Yilmaz,	F	Clark	Howell,	et	al.	2009.	“The	

Lower	Pleistocene	Lithic	Assemblage	from	Dursunlu	(Konya),	Central	Anatolia,	Turkey.”	Antiquity	83	(319):	

11–22.	http://uq.summon.serialssolutions.com/link/0/eLvHCXMwVZ27EcMwDENVZIWk9gK-

E0XSsupcfB7AC1D8ZP8NwiJFMgSABzQoZdE-

wRFlb8KG1bJkJRekwnFKH9v_1vHj5se9XMfrep7r9wdgfXPyH0hz9ticrLVABDLq0sF3HcZhU8BsaGT4cVSRod

w4yISrKSvBo9yySvsH8gAmbw.	

Gürcan,	Önder,	Oğuz	Dikenelli,	and	Carole	Bernon.	2013.	“A	Generic	Testing	Framework	for	Agent-Based	

Simulation	Models.”	Journal	of	Simulation	7:	183–201.	doi:10.1057/jos.2012.26.	

Haidle,	Miriam	Noël,	and	Alfred	F.	Pawlik.	2010.	“The	Earliest	Settlement	of	Germany:	Is	There	Anything	out	

There?”	Quaternary	International	223–224:	143–53.	doi:10.1016/j.quaint.2010.02.009.	

Harmand,	Sonia,	Jason	E.	Lewis,	Craig	S.	Feibel,	Christopher	J.	Lepre,	Sandrine	Prat,	Arnaud	Lenoble,	Xavier	Boës,	

et	al.	2015.	“3.3-Million-Year-Old	Stone	Tools	from	Lomekwi	3,	West	Turkana,	Kenya.”	Nature	521	(7552):	

310–15.	doi:10.1038/nature14464.	

Harris,	John	W.	K.,	David	R.	Braun,	and	Michael	Pante.	2013.	“2.7	Myr–300	000	Years	Ago	in	Africa.”	In	

Encyclopedia	of	Quaternary	Science,	edited	by	Scott	A.	Elias,	2nded.,	1:59–66.	Amsterdam:	Elsevier.	

doi:10.1016/B978-0-444-53643-3.00342-3.	

Hart,	Vi,	and	Nicky	Case.	2015.	“Parable	of	the	Polygons.	A	Playable	Post	on	the	Shape	of	Society.”	

http://ncase.me/polygons/.	

Hartmann,	Stephan.	1996.	“The	World	as	a	Process:	Simulations	in	the	Natural	and	Social	Sciences.”	In	Modelling	

and	Simulation	in	the	Social	Sciences	from	the	Philosophy	of	Science	Point	of	View,	edited	by	Rainer	

Hegselmann,	Ulrich	Mueller,	and	Klaus	G.	Troitzsch,	77–100.	Dordrecht:	Kluwer.	doi:10.1007/978-94-015-

8686-3_5.	

Hassan,	Fekri	A.	1975.	“Determination	of	Size,	Density	and	Growth	Rate	of	Hunting-Gathering	Populations.”	In	

Population,	Ecology,	and	Social	Evolution,	edited	by	Steven	Polgar.	

Hazarika,	Manjil.	2012.	“Lithic	Industries	with	Palaeolithic	Elements	in	Northeast	India.”	Quaternary	International	

269.	Elsevier	Ltd	and	INQUA:	48–58.	doi:10.1016/j.quaint.2011.10.006.	



Bibliography 

233 

Hazelwood,	Lee,	and	James	Steele.	2004.	“Spatial	Dynamics	of	Human	Dispersals.”	Journal	of	Archaeological	Science	

31	(6):	669–79.	doi:10.1016/j.jas.2003.11.009.	

Heath,	Brian	L.,	and	Raymond	R.	Hill.	2010.	“Some	Insights	into	the	Emergence	of	Agent-Based	Modelling.”	Journal	

of	Simulation	4	(3).	Palgrave	Macmillan:	163–69.	doi:10.1057/jos.2010.16.	

Henrich,	Joseph.	2004.	“Demography	and	Cultural	Evolution:	How	Adaptive	Cultural	Processes	Can	Produce	

Maladaptive	Losses:	The	Tasmanian	Case.”	American	Antiquity	69	(2):	197–214.	

Hidjrati,	Nazim	I.,	Larry	R.	Kimball,	and	Todd	Koetje.	2003.	“Middle	and	Late	Pleistocene	Investigations	of	

Myshtulagty	Lagat	(Weasel	Cave)	North	Ossetia,	Russia.”	Antiquity	Project	Gallery.	

http://antiquity.ac.uk/projgall/hidjrati/.	

Hillson,	Simon,	Simon	A.	Parfitt,	Silvia	Bello,	Mark	B.	Roberts,	and	Chris	B.	Stringer.	2010.	“Two	Hominin	Incisor	

Teeth	from	the	Middle	Pleistocene	Site	of	Boxgrove,	Sussex,	England.”	Journal	of	Human	Evolution	59:	493–

503.	doi:10.1016/j.jhevol.2010.06.004.	

Hoad,	Kathryn,	Thomas	Monks,	and	Frances	O’Brien.	2014.	“The	Use	of	Search	Experimentation	in	Discrete-Event	

Simulation	Practice.”	Journal	of	the	Operational	Research	Society,	1–14.	doi:10.1057/jors.2014.79.	

Hoad,	Kathryn,	Steward	Robinson,	and	Ruth	Davies.	2011.	“AutoSimOA:	A	Framework	for	Automated	Analysis	of	

Simulation	Output.”	Journal	of	Simulation	5	(1).	Palgrave	Macmillan:	9–24.	doi:10.1057/jos.2010.22.	

Hoffecker,	John	F.	2002.	Desolate	Landscapes:	Ice-Age	Settlement	in	Eastern	Europe.	Piscataway:	Rutgers	University	

Press.	

Hofmann,	Marco,	Julia	Palii,	and	Goran	Mihelcic.	2011.	“Epistemic	and	Normative	Aspects	of	Ontologies	in	

Modelling	and	Simulation.”	Journal	of	Simulation	5	(3).	Nature	Publishing	Group:	135–46.	

doi:10.1057/jos.2011.13.	

Hollocks,	Brian.	2008.	“Intelligence,	Innovation	and	Integrity	-	K.	D.	Tocher	and	the	Dawn	of	Simulation.”	Journal	of	

Simulation	2:	128–37.	doi:10.1057/jos.2008.15.	

Holmes,	Kathryn.	2007.	GIS	Simulation	of	the	Earliest	Hominid	Colonisation	of	Eurasia.	BAR	Intern.	Oxford:	

Archaeopress.	doi:10.4207/PA.2010.REV84.	

Holmes,	Kathryn	M.	2007.	“Using	Pliocene	Palaeoclimatic	Data	to	Postulate	Dispersal	Pathways	of	Early	

Hominins.”	Palaeogeography,	Palaeoclimatology,	Palaeoecology	248	(1–2):	96–108.	

doi:10.1016/j.palaeo.2006.11.012.	

Hosfield,	Robert.	2011.	“The	British	Lower	Palaeolithic	of	the	Early	Middle	Pleistocene.”	Quaternary	Science	

Reviews	30	(11–12):	1486–1510.	doi:10.1016/j.quascirev.2010.02.026.	

Hou,	Y	M,	and	L	X	Zhao.	2010.	“An	Archeological	View	for	the	Presence	of	Early	Humans	in	China.”	Quaternary	

International	223–224	(142).	Elsevier	Ltd	and	INQUA:	10–19.	doi:10.1016/j.quaint.2009.09.025.	

Huffman,	O.	Frank,	Yahdi	Zaim,	John	Kappelman,	Dennis	R.	Ruez,	John	de	Vos,	Yan	Rizal,	Fachroel	Aziz,	and	

Christine	Hertler.	2006.	“Relocation	of	the	1936	Mojokerto	Skull	Discovery	Site	near	Perning,	East	Java.”	

Journal	of	Human	Evolution	50:	431–51.	doi:10.1016/j.jhevol.2005.11.002.	



Bibliography 

  234  

Hughes,	John	K,	Alan	Haywood,	Steven	J	Mithen,	Bruce	W	Sellwood,	and	Paul	J	Valdes.	2007.	“Investigating	Early	

Hominin	Dispersal	Patterns:	Developing	a	Framework	for	Climate	Data	Integration.”	Journal	of	Human	

Evolution	53:	465–74.	doi:10.1016/j.jhevol.2006.12.011.	

Hughes,	John	K.,	Sarah	Elton,	and	Hannah	J.	O’Regan.	2008.	“Theropithecus	and	‘Out	of	Africa’	Dispersal	in	the	Plio-

Pleistocene.”	Journal	of	Human	Evolution	54:	43–77.	doi:10.1016/j.jhevol.2007.06.004.	

Hughes,	John	K.,	and	Sam	J.	Smith.	2008.	“Simulating	Global	Patterns	of	Pleistocene	Hominin	Morphology.”	Journal	

of	Archaeological	Science	35	(8):	2240–49.	doi:10.1016/j.jas.2008.02.010.	

Huguet,	Rosa,	Palmira	Saladié,	Isabel	Cáceres,	Carlos	Díez,	Jordi	Rosell,	Maria	Bennàsar,	Ruth	Blasco,	et	al.	2013.	

“Successful	Subsistence	Strategies	of	the	First	Humans	in	South-Western	Europe.”	Quaternary	International	

295.	Elsevier	Ltd	and	INQUA:	168–82.	doi:10.1016/j.quaint.2012.11.015.	

Ince,	Darrel	C,	Leslie	Hatton,	and	John	Graham-Cumming.	2012.	“The	Case	for	Open	Computer	Programs.”	Nature	

482	(7386).	Nature	Publishing	Group:	485–88.	doi:10.1038/nature10836.	

Isern,	Neus,	and	Joaquim	Fort.	2012.	“Modelling	the	Effect	of	Mesolithic	Populations	on	the	Slowdown	of	the	

Neolithic	Transition.”	Journal	of	Archaeological	Science	39	(12).	Elsevier	Ltd:	3671–76.	

doi:10.1016/j.jas.2012.06.027.	

Ivy-Ochs,	Susan,	and	Florian	Kober.	2008.	“Surface	Exposure	Dating	with	Cosmogenic	Nuclides.”	Quaternary	

Science	Journal	(Eiszeitalter	Und	Gegenwart)	57	(1–2):	179–209.	

Izquierdo,	Luis	R,	and	J	Gary	Polhill.	2006.	“Is	Your	Model	Susceptible	to	Floating-Point	Errors ?”	Journal	of	

Artificial	Societies	and	Social	Simulation	9	(4).	http://jasss.soc.surrey.ac.uk/9/4/4.html.	

Jan	Michał	Burdukiewicz.	2003.	Technokompleks	Mikrolityczny	W	Paleolicie	Dolnym	Środkowej	Europy.	Wrocław:	

Uniwersytet	Wrocławski	Instytut	Archeologii.	

Jara,	Susana	Rubio.	1996.	“Ambrona	(Soria):	La	Industria	Lítica	Del	Complejo	Superior.”	Espacio,	Tiempo	Y	Forma.	

Serie	I,	Prehistoria	Y	Arqueología	9:	77–104.	

Jiménez-Arenas,	Juan	Manuel,	Manuel	Santonja,	Miguel	Botella,	and	Paul	Palmqvist.	2011.	“The	Oldest	Handaxes	in	

Europe:	Fact	or	Artefact?”	Journal	of	Archaeological	Science	38	(12).	Elsevier	Ltd:	3340–49.	

doi:10.1016/j.jas.2011.07.020.	

Johanson,	Donald,	and	Maitland	Edey.	1981.	Lucy:	The	Beginnings	of	Humankind.	London:	Penguin.	

Joppa,	Lucas	N.,	Greg	McInerny,	Richard	Harper,	Lara	Salido,	Kenji	Takeda,	Kenton	O’Hara,	David	Gavaghan,	and	

Stephen	Emmott.	2012.	“Troubling	Trends	in	Scientific	Software	Use.”	Science	340:	814–15.	

http://arxiv.org/abs/1210.0530.	

Kappelman,	John,	Mehmet	Cihat	Alçiçek,	Nizamettin	Kazancı,	Michael	Schultz,	Mehmet	Özkul,	and	Şevket	Şen.	

2008.	“Brief	Communication:	First	Homo	Erectus	from	Turkey	and	Implications	for	Migrations	into	

Temperate	Eurasia.”	American	Journal	of	Physical	Anthropology	135:	110–16.	doi:10.1002/ajpa.	

Keates,	Susan	G.	2002.	“The	Movius	Line:	Fact	of	Fiction?”	Bulletin	of	the	Indo-Pacific	Prehistory	Association	22:	17–

24.	



Bibliography 

235 

Keates,	Susan	G.	2003.	“The	Role	of	Raw	Material	in	Explaining	Tool	Assemblage	Variability	in	Palaeolithic	China.”	

In	Lower	Palaeolithic	Small	Tools	in	Europe	and	the	Levant,	edited	by	Jan	Michał	Burdukiewicz	and	Avraham	

Ronen,	149–68.	Oxford:	BAR	International	Series.	

Kelly,	Robert	L.	2013.	The	Lifeways	of	Hunter-Gatherers.	The	Foraging	Spectrum.	2nd	editio.	Cambridge:	Cambridge	

University	Press.	

King,	Geoffrey,	and	Geoff	Bailey.	2006.	“Tectonics	and	Human	Evolution.”	Antiquity	80:	265–86.	

Kingston,	John	D.	2007.	“Shifting	Adaptive	Landscapes:	Progress	and	Challenges	in	Reconstructing	Early	Hominid	

Environments.”	Yearbook	of	Physical	Anthropology	50:	20–58.	doi:10.1002/ajpa.20733.	

Klein,	Richard	G.,	Graham	Avery,	Kathryn	Cruz-Uribe,	and	Teresa	E.	Steele.	2007.	“The	Mammalian	Fauna	

Associated	with	an	Archaic	Hominin	Skullcap	and	Later	Acheulean	Artifacts	at	Elandsfontein,	Western	Cape	

Province,	South	Africa.”	Journal	of	Human	Evolution	52	(2):	164–86.	doi:10.1016/j.jhevol.2006.08.006.	

Kline,	Michelle	A.,	and	Robert	Boyd.	2010.	“Population	Size	Predicts	Technological	Complexity	in	Oceania.”	

Proceedings	of	the	Royal	Society	B	277	(1693):	2559–64.	doi:10.1098/rspb.2010.0452.	

Klüver,	Jürgen,	Christina	Stoica,	and	Jörn	Schmidt.	2003.	“Formal	Models,	Social	Theory	and	Computer	

Simulations:	Some	Methodical	Reflections.”	Journal	of	Artificial	Societies	and	Social	Simulation	6	(2).	

http://jasss.soc.surrey.ac.uk/6/2/8.htm.	

Kohler,	Timothy	A.	2012.	“Complex	Systems	and	Archaeology.”	In	Archaeological	Theory	Today,	edited	by	Ian	

Hodder.	Cambridge:	Polity	Press.	http://www.santafe.edu/media/workingpapers/11-06-023.pdf.	

Kolen,	Jan.	1999.	“Hominids	without	Homes:	On	the	Nature	of	Middle	Palaeolithic	Settlement	in	Europe.”	In	The	

Middle	Palaeolithic	Occu-	Pation	of	Europe,	edited	by	W.	Roebroeks	and	C.	Gamble,	139–75.	Leiden:	

University	of	Leiden	and	European	Science	Foundation.	

Kornhauser,	Daniel,	Uri	Wilensky,	and	William	Rand.	2009.	“Design	Guidelines	for	Agent	Based	Model	

Visualization.”	Journal	of	Artificial	Societies	and	Social	Simulation	12	(2).	

http://jasss.soc.surrey.ac.uk/12/2/1.html.	

Kortlandt,	Adriaan.	1974.	“New	Perspectives	Oo	Ape	and	Human	Evolution.”	Current	Anthropology	15	(4):	427–48.	

Koulakovska,	Larissa,	and	Vitaly	Usik.	2011.	“The	Palaeolithic	of	Transcarpathian	Region	(Ukraine):	Chronology	

and	Cultural	Variability.”	In	Quaternary	Studies	in	Ukraine.	To	the	XVIII	Congress	of	the	International	Union	

for	Quaternary	Research	(INQUA),	Bern,	2011,	edited	by	N.	P.	Gerasimenko.	Kiev:	National	Ukrainina	

Academy	of	Sciences.	

Koulakovska,	Larissa,	and	Vitaly	Usik.	2011.	“Палеолит	И	Мезолит	Восточной	Европы	(Palaeolithic	and	

Mesolithic	of	Eastern	Europe).”	In	Палеолит	И	Мезолит	Восточной	Европы.	Сборник	Статей	В	Честь	

60-Летия	Хизри	Амирхаповича	Амирханова,	edited	by	К.Н.	Гаврилов,	9–36.	Moscow:	Русский	академии	

наук	Института	археологии.	

Koulakovska,	Larissa,	Vitaly	Usik,	and	Paul	Haesaerts.	2010.	“Early	Paleolithic	of	Korolevo	Site	(Transcarpathia,	

Ukraine).”	Quaternary	International	223–224:	116–30.	doi:10.1016/j.quaint.2009.09.031.	



Bibliography 

  236  

Kozłowski,	Janusz	K.	2006.	“Early	Human	Migrations:	Incipient	Stages	of	Old	World	Peopling.”	Diogenes	53:	9–22.	

doi:10.1177/0392192106068997.	

Kuhn,	Steven	L.	2010.	“Was	Anatolia	a	Bridge	or	a	Barrier	to	Early	Hominin	Dispersals?”	Quaternary	International	

223–224.	Elsevier	Ltd	and	INQUA:	434–35.	doi:10.1016/j.quaint.2009.07.012.	

Kuhn,	Steven	L.	2002.	“Paleolithic	Archeology	in	Turkey.”	Evolutionary	Anthropology	11:	198–210.	

doi:10.1002/evan.10033.	

Kuhn,	Steven	L,	and	Mary	C	Stiner.	2010.	“Culture	and	Biology	in	Transition:	Summary	of	Findings	and	

Conclusion.”	In	Culture	and	Biology	at	a	Crossroads:	The	Middle	Pleistocene	Record	of	Yarimburgaz	Cave	

(Thrace,	Turkey),	edited	by	F.	Clark	Howell,	Güven	Arsebük,	Steven	L.	Kuhn,	Özbaşaran	Mihriban,	and	Mary	

C.	Stiner.	Istanbul:	Ege	Yayinlari.	

Kuhn,	Thomas	S.	1970.	The	Structure	of	Scientific	Revolutions.	Chicago:	University	of	Chicago	Press.	

doi:10.1119/1.1969660.	

Kuman,	Kathleen.	2003.	“The	Earliest	South	African	Industries.”	In	Early	Human	Behaviour	in	Global	Context:	The	

Rise	and	Diversity	of	the	Lower	Paleolithic	Period,	edited	by	Michael	D.	Petraglia	and	Ravi	Korisettar,	151–86.	

London	and	New	York:	Routledge.	

Kuman,	Kathleen.	2014.	“Acheulean	Industrial	Complex.”	In	Encyclopedia	of	Global	Archaeology,	edited	by	Claire	

Smith,	7–17.	New	York:	Springer.	

Kuman,	Kathleen,	and	Ronald	J.	Clarke.	2000.	“Stratigraphy,	Artefact	Industries	and	Hominid	Associations	for	

Sterkfontein,	Member	5.”	Journal	of	Human	Evolution	38:	827–47.	doi:10.1006/jhev.1999.0392.	

Kuman,	Kathleen,	Scott	A	Field,	and	J.	Francis	Thackeray.	1997.	“Discovery	of	New	Artefacts	at	Kromdraai.”	South	

African	Journal	of	Science	93:	187–93.	

Kuman,	Kathleen,	Chaorong	Li,	and	Hao	Li.	2014.	“Large	Cutting	Tools	in	the	Danjiangkou	Reservoir	Region,	

Central	China.”	Journal	of	Human	Evolution	76.	Elsevier	Ltd:	129–53.	doi:10.1016/j.jhevol.2014.08.002.	

Küppers,	Günter,	and	Johannes	Lenhard.	2005.	“Validation	of	Simulation:	Patterns	in	the	Social	and	Natural	

Sciences.”	Journal	of	Artificial	Societies	and	Social	Simulation	8	(4).	http://jasss.soc.surrey.ac.uk/8/4/3.html.	

Küppers,	Günter,	Johannes	Lenhard,	and	Terry	Shinn.	2006.	“Computer	Simulation:	Practice,	Epistemology,	and	

Social	Dynamics.”	In	Simulation:	Pragmatic	Construction	of	Reality;	Sociology	of	the	Sciences	Yearbook,	edited	

by	Johannes	Lenhard	and	Terry	Shinn,	3–22.	Dordrecht:	Springer	Netherlands.	

Lahr,	Marta	Mirazón.	2010.	“Saharan	Corridors	and	Their	Role	in	the	Evolutionary	Geography	of	‘Out	of	Africa	I.’”	

In	Out	of	Africa	I:	The	First	Hominin	Colonization	of	Eurasia,	edited	by	John	G.	Fleagle,	John	J.	Shea,	Frederick	

E.	Grine,	Andrea	L.	Baden,	and	Richard	E.	Leakey,	27–46.	Vertebrate	Paleobiology	and	Paleoanthropology.	

Dordrecht:	Springer	Netherlands.	doi:10.1007/978-90-481-9036-2.	

Lake,	Mark.	2010.	“The	Uncertain	Future	of	Simulating	the	Past.”	In	Simulating	Change.	Archaeology	into	the	

Twenty-First	Century,	edited	by	Andre	Costopoulos	and	Mark	Lake,	12–20.	Salt	Lake	City:	University	of	Utah	

Press.	



Bibliography 

237 

Lake,	Mark	W.	2014.	“Trends	in	Archaeological	Simulation.”	Journal	of	Archaeological	Method	and	Theory	21:	258–

87.	doi:10.1007/s10816-013-9188-1.	

Lamotte,	Agnès.	1995.	“Données	Nouvelles	Sur	I’Acheuléen	de	l’Europe	Du	Nord-Ouest.”	Bulletin	de	La	Société	

Préhistorique	Française	92	(2):	193–200.	

Landau,	Misia.	1984.	“Human	Evolution	as	Narrative.”	American	Scientist	72:	262–68.	

Latané,	Bibb.	1996.	“Dynamic	Social	Impact.”	In	Modelling	and	Simulation	in	the	Social	Sciences	from	the	Philosophy	

of	Science	Point	of	View,	edited	by	Rainer	Hegselmann,	Ulrich	Mueller,	and	Klaus	G.	Troitzsch,	287–310.	

Dordercht:	Springer	Netherlands.	

Le	Tensorer,	Jean	Marie,	Vera	von	Falkenstein,	Hélène	Le	Tensorer,	Peter	Schmid,	and	Sultan	Muhesen.	2011.	

“Étude	Préliminaire	Des	Industries	Archaïques	de	Faciès	Oldowayen	Du	Site	de	Hummal	(El	Kowm,	Syrie	

Centrale).”	Anthropologie	115:	247–66.	doi:10.1016/j.anthro.2011.02.006.	

Le	Tensorer,	Jean-Marie,	Hélène	Le	Tensorer,	Pietro	Martini,	Vera	von	Falkenstein,	Peter	Schmid,	and	Juan	José	

Villalain.	2015.	“The	Oldowan	Site	Aïn	Al	Fil	(El	Kowm,	Syria)	and	the	First	Humans	of	the	Syrian	Desert.”	

L’Anthropologie	119	(5).	Elsevier	Masson	SAS:	581–94.	doi:10.1016/j.anthro.2015.10.009.	

Lebatard,	Anne-Elisabeth,	M.	Cihat	Alçiçek,	Pierre	Rochette,	Samir	Khatib,	Amélie	Vialet,	Nicolas	Boulbes,	Didier	L.	

Bourlès,	et	al.	2014.	“Dating	the	Homo	Erectus	Bearing	Travertine	from	Kocabaş	(Denizli,	Turkey)	at	at	Least	

1.1	Ma.”	Earth	and	Planetary	Science	Letters	390	(March).	Elsevier	B.V.:	8–18.	

doi:10.1016/j.epsl.2013.12.031.	

Lefèvre,	David,	Jean-Paul	Raynal,	Gérard	Vernet,	Guy	Kieffer,	and	Marcello	Piperno.	2010.	“Tephro-Stratigraphy	

and	the	Age	of	Ancient	Southern	Italian	Acheulean	Settlements:	The	Sites	of	Loreto	and	Notarchirico	

(Venosa,	Basilicata,	Italy).”	Quaternary	International	223–224.	Elsevier	Ltd	and	INQUA:	360–68.	

doi:10.1016/j.quaint.2010.02.020.	

Lemmen,	Carsten,	Detlef	Gronenborn,	and	Kai	W.	Wirtz.	2011.	“A	Simulation	of	the	Neolithic	Transition	in	Western	

Eurasia.”	Journal	of	Archaeological	Science	38	(12):	3459–70.	doi:10.1016/j.jas.2011.08.008.	

Leng,	Jian.	1998.	“Early	Palaeolithic	Quartz	Industries	in	China.”	In	Early	Human	Behaviour	in	Global	Context:	The	

Rise	and	Diversity	of	the	Lower	Paleolithic	Period,	edited	by	Michael	D.	Petraglia	and	Ravi	Korisettar,	418–36.	

London:	Routledge.	

Lepre,	Christopher	J.,	Hélène	Roche,	Dennis	V.	Kent,	Sonia	Harmand,	Rhonda	L.	Quinn,	Jean-Philippe	Brugal,	Jean-

Pierre	Texier,	Arnaud	Lenoble,	and	Craig	S.	Feibel.	2011.	“An	Earlier	Origin	for	the	Acheulian.”	Nature	477:	

82–85.	doi:10.1038/nature10372.	

Lewin,	Roger.	2000.	Complexity:	Life	at	the	Edge	of	Chaos.	Chicago:	University	of	Chicago	Press.	

Li,	Hao,	Chao-rong	Li,	and	Kathleen	Kuman.	2014.	“Rethinking	the	‘Acheulean’	in	East	Asia:	Evidence	from	Recent	

Investigations	in	the	Danjiangkou	Reservoir	Region,	Central	China.”	Quaternary	International	347.	Elsevier	

Ltd:	163–75.	doi:http://dx.doi.org/10.1016/j.quaint.2014.03.059.	



Bibliography 

  238  

Li,	Hao,	Chao-rong	Li,	Kathleen	Kuman,	Jie	Cheng,	Hai-tao	Yao,	and	Zhao	Li.	2014.	“The	Middle	Pleistocene	

Handaxe	Site	of	Shuangshu	in	the	Danjiangkou	Reservoir	Region,	Central	China.”	Journal	of	Archaeological	

Science	52.	Elsevier	Ltd:	391–409.	doi:10.1016/j.jas.2014.08.033.	

Li,	Xingwen,	Hong	Ao,	Mark	J	Dekkers,	Andrew	P	Roberts,	Peng	Zhang,	Shan	Lin,	Weiwen	Huang,	Yamei	Hou,	

Weihua	Zhang,	and	Zhisheng	An.	2017.	“Early	Pleistocene	Occurrence	of	Acheulian	Technology	in	North	

China.”	Quaternary	Science	Reviews	156.	Elsevier	Ltd:	12–22.	doi:10.1016/j.quascirev.2016.11.025.	

Ljubin,	Vassilij	P.,	and	Gerhard	Bosinski.	1995.	“The	Earliest	Occupation	of	the	Caucasus	Region.”	Analecta	

Praehistorica	Leidensia	27:	207–53.	

http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:The+earliest+occupation+of+the+Caucas

us+region#0.	

Longo,	Laura,	Carlo	Peretto,	Massimo	Sozzi,	and	Sergio	Vannucci.	1997.	“Artefacts,	Outils	Ou	Supports	Épuisés?	

Une	Nouvelle	Approche	Pour	L’étude	Des	Industries	Du	Paléolithique	Ancien:	Le	Cas	d’Isernia	La	Pineta	

(Molise,	Italie	Centrale).”	L’Anthropologie	101	(4):	579–96.	

López-García,	Juan	Manuel,	Elisa	Luzi,	Claudio	Berto,	Carlo	Peretto,	and	Marta	Arzarello.	2015.	“Chronological	

Context	of	the	First	Hominin	Occurrence	in	Southern	Europe:	The	Allophaiomys	Ruffoi	(Arvicolinae,	

Rodentia,	Mammalia)	from	Pirro	13	(Pirro	Nord,	Apulia,	Southwestern	Italy).”	Quaternary	Science	Reviews	

107:	260–66.	doi:10.1016/j.quascirev.2014.10.029.	

Lordkipanidze,	David.	2000.	Early	Humans	at	the	Gates	of	Europe:	Proceedings	of	the	First	International	Symposium	

Dmanisi,	Tbilisi	(Georgia)	Septembre	1998.	Liège:	Université	de	Liège.	

Lordkipanidze,	David.	1999.	“Early	Humans	at	the	Gates	of	Europe.”	Evolutionary	Anthropology:	Issues,	News,	and	

Reviews	8	(1):	4–4.	doi:10.1002/(SICI)1520-6505(1999)8:1<4::AID-EVAN2>3.0.CO;2-X.	

Lordkipanidze,	David,	Abesalom	Vekua,	Reid	Ferring,	G.	Philip	Rightmire,	Jordi	Agustí,	Gocha	Kiladze,	Medea	

Nioradze,	Marcia	S	Ponce	De	Leon,	Martha	Tappen,	and	Christoph	P	E	Zollikofer.	2005.	“The	Earliest	

Toothless	Hominin	Skull.”	Nature	434:	717–18.	

Louys,	Julien,	and	Alan	Turner.	2012.	“Environment,	Preferred	Habitats	and	Potential	Refugia	for	Pleistocene	

Homo	in	Southeast	Asia.”	Comptes	Rendus	-	Palevol	11	(2–3).	Academie	des	sciences:	203–11.	

doi:10.1016/j.crpv.2011.03.003.	

Lycett,	Stephen	J,	and	Noreen	Von	Cramon-Taubadel.	2008.	“Acheulean	Variability	and	Hominin	Dispersals:	A	

Model-Bound	Approach.”	Journal	of	Archaeological	Science	35:	553–62.	doi:10.1016/j.jas.2007.05.003.	

Lycett,	Stephen	J.,	and	Christopher	J.	Bae.	2010.	“The	Movius	Line	Controversy:	The	State	of	the	Debate.”	World	

Archaeology	42	(4):	521–44.	doi:10.1080/00438243.2010.517667.	

Lycett,	Stephen	J.,	and	Christopher	J.	Norton.	2010.	“A	Demographic	Model	for	Palaeolithic	Technological	

Evolution:	The	Case	of	East	Asia	and	the	Movius	Line.”	Quaternary	International	211	(1–2).	Elsevier	Ltd	and	

INQUA:	55–65.	doi:10.1016/j.quaint.2008.12.001.	

Macal,	Charles	M.,	and	Michael	J.	North.	2010.	“Tutorial	on	Agent-Based	Modelling	and	Simulation.”	Journal	of	

Simulation	4	(3):	151–62.	



Bibliography 

239 

Macy,	Michael	W.,	and	Yoshimichi	Sato.	2010.	“The	Surprising	Success	of	a	Replication	That	Failed.”	Journal	of	
Artificial	Societies	and	Social	Simulation	13	(2):	9–11.	http://jasss.soc.surrey.ac.uk/13/2/9.html.	

Maddy,	Darrel,	Danielle	Schreve,	Tuncer	Demir,	A.	Tom	Veldkamp,	Jan	R.	Wijbrans,	Wouter	Van	Gorp,	Douwe	J.	J.	
Van	Hinsbergen,	et	al.	2015.	“The	Earliest	Securely-Dated	Hominin	Artefact	in	Anatolia?”	Quaternary	Science	
Reviews	109.	Elsevier	Ltd:	68–75.	doi:10.1016/j.quascirev.2014.11.021.	

Madsen,	Mark	E.	2012.	“Unbiased	Cultural	Transmission	in	Time	Averaged	Archaeological	Assemblages.”	Journal	
of	Anthropological	Archaeology.	

Madurell-Malapeira,	J,	D	M	Alba,	R	Minwer-Barakat,	J	Aurell-Garrido,	and	S	Moya-Sola.	2012.	“Early	Human	
Dispersals	into	the	Iberian	Peninsula:	A	Comment	on	Martinez	et	al.(2010)	and	Garcia	et	Al.	(2011).”	J	Hum	
Evol	62	(1):	169–73.	doi:10.1016/j.jhevol.2011.10.005.	

Madurell-Malapeira,	Joan,	Raef	Minwer-Barakat,	David	M.	Alba,	Miguel	Garcés,	Manuel	Gómez,	Josep	Aurell-
Garrido,	Sergio	Ros-Montoya,	Salvador	Moyà-Solà,	and	Xavier	Berástegui.	2010.	“The	Vallparadís	Section	
(Terrassa,	Iberian	Peninsula)	and	the	Latest	Villafranchian	Faunas	of	Europe.”	Quaternary	Science	Reviews	
29	(27–28).	Elsevier	Ltd:	3972–82.	doi:10.1016/j.quascirev.2010.09.020.	

Mallol,	Carolina.	2006.	“What’s	in	a	Beach?	Soil	Micromorphology	of	Sediments	from	the	Lower	Paleolithic	Site	
of	’Ubeidiya,	Israel.”	Journal	of	Human	Evolution	51:	185–206.	doi:10.1016/j.jhevol.2006.03.002.	

Manhart,	Klaus.	1996.	“Artificial	Intelligence	Modelling:	Data	Driven	and	Theory	Driven	Approaches.”	In	Social	
Science	Micro	Simulation,	edited	by	Klaus	G.	Troitzsch,	Ulrich	Müller,	Nigel	G.	Gilbert,	and	Jim	Doran.	Berlin:	
Springer.	

Mania,	Dietrich.	1990.	Auf	Den	Spuren	Des	Urmenschen;	Die	Funde	Aus	Der	Seinrinne	von	Bilzingsleben.	Berlin:	
Deutscher	Verlag	der	Wissenschaften.	

Manzi,	Giorgio,	Donatella	Magri,	Salvatore	Milli,	Maria	Rita	Palombo,	Vasiliki	Margari,	Vincenzo	Celiberti,	Mario	
Barbieri,	et	al.	2010.	“The	New	Chronology	of	the	Ceprano	Calvarium	(Italy).”	Journal	of	Human	Evolution	59	
(5).	Elsevier	Ltd:	580–85.	doi:10.1016/j.jhevol.2010.06.010.	

Martínez-Navarro,	Bienvenido,	Miriam	Belmaker,	and	Ofer	Bar-Yosef.	2009.	“The	Large	Carnivores	from	’Ubeidiya	
(Early	Pleistocene,	Israel):	Biochronological	and	Biogeographical	Implications.”	Journal	of	Human	Evolution	
56	(5):	514–24.	doi:10.1016/j.jhevol.2009.02.004.	

Martínez,	Kenneth,	Joan	Garcia,	Francesc	Burjachs,	Riker	Yll,	and	Eudald	Carbonell.	2014.	“Early	Human	
Occupation	of	Iberia:	The	Chronological	and	Palaeoclimatic	Inferences	from	Vallparadís	(Barcelona,	Spain).”	
Quaternary	Science	Reviews	85.	Elsevier	Ltd:	136–46.	doi:10.1016/j.quascirev.2013.12.002.	

Martínez,	Kenneth,	Joan	Garcia,	Eudald	Carbonell,	Jean-Jaques	Bahain,	Jordi	Agusti,	Hugues-Alexandre	Blain,	
Francesc	Burjachs,	et	al.	2010.	“A	New	Lower	Pleistocene	Archeological	Site	in	Europe	(Vallparadis,	
Barcelona,	Spain).”	Proceedings	of	the	National	Academy	of	Sciences	of	the	United	States	of	America	107	(13):	
5762–67.	doi:10.1073/pnas.0913856107.	

Martinón-Torres,	María,	Laura	Martín-Francés,	Ana	Gracia,	Anthony	Olejniczak,	Leyre	Prado-Simón,	Aida	Gómez-
Robles,	María	Lapresa,	Eudald	Carbonell,	Juan	Luis	Arsuaga,	and	José	María	Bermúdez	de	Castro.	2011.	
“Early	Pleistocene	Human	Mandible	from	Sima	Del	Elefante	(TE)	Cave	Site	in	Sierra	de	Atapuerca	(Spain):	A	



Bibliography 

  240  

Palaeopathological	Study.”	Journal	of	Human	Evolution	61	(1).	Elsevier	Ltd:	1–11.	

doi:10.1016/j.jhevol.2011.01.004.	

Marwick,	Ben.	2009.	“Biogeography	of	Middle	Pleistocene	Hominins	in	Mainland	Southeast	Asia:	A	Review	of	

Current	Evidence.”	Quaternary	International	202	(1–2).	Elsevier	Ltd	and	INQUA:	51–58.	

doi:10.1016/j.quaint.2008.01.012.	

Marwick,	Ben.	2008.	“Stone	Artefacts	and	Recent	Research	in	the	Archaeology	of	Mainland	Southeast	Asian	

Hunter-Gatherers.”	Before	Farming:	The	Archaeology	and	Anthropology	of	Hunter-Gatherers,	no.	4:	1–19.	

http://faculty.washington.edu/bmarwick/PDFs/Marwick_2008_Before_Farming.pdf.	

Maslin,	Mark	A.,	Chris	M.	Brierley,	Alice	M.	Milner,	Susanne	Shultz,	Martin	H.	Trauth,	and	Katy	E.	Wilson.	2014.	

“East	African	Climate	Pulses	and	Early	Human	Evolution.”	Quaternary	Science	Reviews	101:	1–17.	

doi:10.1016/j.quascirev.2014.06.012.	

Maslin,	Mark	A.,	and	Martin	H.	Trauth.	2009.	“Plio-Pleistocene	Eastern	African	Pulsed	Climate	Variability	and	Its	

Influence	on	Early	Human	Evolution.”	In	The	First	Humans	-	Origin	and	Early	Evolution	of	the	Genus	Homo,	

edited	by	Frederick	E.	Grine,	John	G.	Fleagle,	and	Richard	E.	Leakey,	151–58.	Dordrecht:	Springer.	

doi:10.1017/CBO9781107415324.004.	

Matsufuji,	Kazuto.	2011.	“When	Were	the	Earliest	Hominin	Migrations	to	the	Japanese	Islands.”	In	Asian	

Paleoanthropology.	From	Africa	to	China	and	Beyond,	edited	by	Christopher	J.	Norton	and	David	R.	Braun,	

191–200.	Amsterdam:	Springer	Netherlands.	doi:10.1007/978-90-481-9094-2_15.	

McGinnis,	Leon,	Edward	Huang,	Ky	Sang	Kwon,	and	Volkan	Ustun.	2011.	“Ontologies	and	Simulation:	A	Practical	

Approach.”	Journal	of	Simulation	5	(3).	Nature	Publishing	Group:	190–201.	doi:10.1057/jos.2011.3.	

Mcglade,	James.	2014.	“Simulation	as	Narrative:	Contingency,	Dialogics,	and	the	Modeling	Conundrum.”	Journal	of	

Archaeological	Method	and	Theory	21:	288–305.	doi:10.1007/s10816-014-9201-3.	

McKee,	Jeffrey	K.,	J.	Francis.	Thackeray,	and	Lee	R.	Berger.	1995.	“Faunal	Assemblage	Seriation	of	Southern	African	

Pliocene	and	Pleistocene	Fossil	Deposits.”	American	Journal	of	Physical	Anthropology	96	(3):	235–50.	

doi:10.1002/ajpa.1330960303.	

McPherron,	Shannon	P,	Zeresenay	Alemseged,	Curtis	W	Marean,	Jonathan	G	Wynn,	Denné	Reed,	Denis	Geraads,	

René	Bobe,	and	Hamdallah	a	Béarat.	2010.	“Evidence	for	Stone-Tool-Assisted	Consumption	of	Animal	

Tissues	before	3.39	Million	Years	Ago	at	Dikika,	Ethiopia.”	Nature	466	(7308):	857–60.	

doi:10.1038/nature09248.	

Mesoudi,	Alex.	2011.	“Variable	Cultural	Acquisition	Costs	Constrain	Cumulative	Cultural	Evolution.”	PloS	One	6	(3):	

e18239.	doi:10.1371/journal.-pone.0018239.	

Mesoudi,	Alex.	2011.	Cultural	Evolution.	How	Darwinian	Theory	Can	Explain	Human	Culture	and	Synthesize	the	

Social	Sciences.	Chicago:	The	University	of	Chicago	Press.	

Miller,	John	H.,	and	Scott	E.	Page.	2007.	Complexity	in	Social	Worlds.	Princeton:	Princeton	University	Press.	

Mitchell,	Melanie.	2009.	Complexity.	A	Guided	Tour.	Oxford:	Oxford	University	Press.	



Bibliography 

241 

Mithen,	Steven	J,	and	Melissa	Reed.	2002.	“Stepping	out:	A	Computer	Simulation	of	Hominid	Dispersal	from	

Africa.”	Journal	of	Human	Evolution	43	(4):	433–62.	doi:10.1006/jhev.2002.0584.	

Moncel,	Marie-Hélène.	2010.	“Oldest	Human	Expansions	in	Eurasia:	Favouring	and	Limiting	Factors.”	Quaternary	

International	223–224	(September).	Elsevier	Ltd	and	INQUA:	1–9.	doi:10.1016/j.quaint.2010.02.016.	

Moncel,	Marie-Hélène,	Jackie	Despriée,	Pierre	Voinchet,	Gilles	Courcimault,	Bruce	Hardy,	Jean-Jacques	Bahain,	

Simon	Puaud,	Xavier	Gallet,	and	Christophe	Falguères.	2016.	“The	Acheulean	Workshop	of	La	Noira	(France,	

700	Ka)	in	the	European	Technological	Context.”	Quaternary	International	393	(January):	112–36.	

doi:10.1016/j.quaint.2015.04.051.	

Moncel,	Marie-Hélène,	Claire	Gaillard,	and	Jean	Combier.	2001.	“The	Lower	Palaeolithic	Industry	from	Azé	Cave	

(Saône	et	Loire)	France:	A	Case	Study	of	an	Assemblage	without	Any	Handaxes.”	Proceedings	of	the	

Prehistory	Society	67:	175–95.	

Monnier,	Jean-Laurent,	Bernard	Hallégouët,	Stéphan	Hinguant,	Michel	Laurent,	Patrick	Auguste,	Jean-Jacques	

Bahain,	Christophe	Falguères,	et	al.	1994.	“A	New	Regional	Group	of	the	Lower	Palaeolithic	in	Brittany	

(France),	Recently	Dated	by	Electron	Spin	Resonance.”	Compte	Rendus	de	l’Academie	Des	Sciences	de	Paris	

319	(II):	155–60.	

Morwood,	Michael	J.,	Paul	O’Sullivan,	Eko	E.	Susanto,	and	Fachroel	Aziz.	2003.	“Revised	Age	for	Mojokerto	1,	an	

Early	Homo	Erectus	Cranium	from	Eastern	Java,	Indonesia.”	Australian	Archaeology	57:	1–4.	

Morwood,	Michael	J.,	Paul	O’Sullivan,	Fachroel	Aziz,	and	Asaf	Raza.	1998.	“Fission	Track	Ages	of	Stone	Tools	and	

Fossils	on	the	East	Indonesian	Island	of	Flores.”	Nature	392	(March):	173–76.	doi:10.1038/32401.	

Mosquera,	Marina,	Andreu	Ollé,	Palmira	Saladié,	Isabel	Cáceres,	Rosa	Huguet,	Antonio	Rosas,	Juan	José	Villalaín,	et	

al.	2016.	“The	Early	Acheulean	Technology	of	Barranc	de	La	Boella	(Catalonia,	Spain).”	Quaternary	

International	393	(January):	95–111.	doi:10.1016/j.quaint.2015.05.005.	

Moss,	Scott.	2008.	“Alternative	Approaches	to	the	Empirical	Validation	of	Agent-Based	Models.”	Journal	of	Artificial	

Societies	and	Social	Simulation	11	(1):	5.	http://jasss.soc.surrey.ac.uk/11/1/5.html.	

Movius,	Hallam	L.	1944.	“Early	Man	and	Pleistocene	Stratigraphy	in	Southern	and	Eastern	Asia.”	Papers	of	the	

Peabody	Museum	of	American	Archaeology	and	Ethnology	19	(3):	1–125.	

Movius,	Hallam	L.	1948.	“The	Lower	Palaeolithic	Cultures	of	Southern	and	Eastern	Asia.”	Transactions	of	the	

American	Philosophical	Society	38	(4):	329–420.	

Mussi,	Margherita.	2002.	Earliest	Italy.	An	Overview	of	the	Italian	Paleolithic	and	Mesolithic.	New	York:	Kluwer	

Academic/Plenum	Publishers.	

Muthukrishna,	Michael,	Ben	W	Shulman,	Vlad	Vasilescu,	and	Joseph	Henrich.	2013.	“Sociality	Influences	Cultural	

Complexity.”	Proceedings	of	the	Royal	Society	B	281:	20132511.	doi:10.1098/rspb.2013.2511.	

Muttoni,	Giovanni,	Giancarlo	Scardia,	and	Dennis	V.	Kent.	2013.	“A	Critique	of	Evidence	for	Human	Occupation	of	

Europe	Older	than	the	Jaramillo	Subchron	(~1Ma):	Comment	on	‘The	Oldest	Human	Fossil	in	Europe	from	

Orce	(Spain)’	by	Toro-Moyano	Etal.	(2013).”	Journal	of	Human	Evolution	65	(6):	746–49.	

doi:10.1016/j.jhevol.2013.08.005.	



Bibliography 

  242  

Muttoni,	Giovanni,	Giancarlo	Scardia,	Dennis	V.	Kent,	Enrico	Morsiani,	Fabrizio	Tremolada,	Mauro	Cremaschi,	and	

Carlo	Peretto.	2011.	“First	Dated	Human	Occupation	of	Italy	at	~0.85Ma	during	the	Late	Early	Pleistocene	

Climate	Transition.”	Earth	and	Planetary	Science	Letters	307	(3–4).	Elsevier	B.V.:	241–52.	

doi:10.1016/j.epsl.2011.05.025.	

Muttoni,	Giovanni,	Giancarlo	Scardia,	Dennis	V.	Kent,	Carl	C.	Swisher,	and	Giorgio	Manzi.	2009.	“Pleistocene	

Magnetochronology	of	Early	Hominin	Sites	at	Ceprano	and	Fontana	Ranuccio,	Italy.”	Earth	and	Planetary	

Science	Letters	286	(1–2).	Elsevier	B.V.:	255–68.	doi:10.1016/j.epsl.2009.06.032.	

Neiman,	Fraser	D.	1995.	“Stylistic	Variation	in	Evolutionary	Perspective:	Inferences	from	Decorative	Diversity	and	

Interassemblage	Distance	in	Illinois	Woodland	Ceramic	Assemblages.”	American	Antiquity	60	(1):	7–36.	

Nikitas,	Panos,	and	Efthymia	Nikita.	2005.	“A	Study	of	Hominin	Dispersal	out	of	Africa	Using	Computer	

Simulations.”	Journal	of	Human	Evolution	49	(5):	602–17.	doi:10.1016/j.jhevol.2005.07.001.	

Nikolai,	Cyntia,	and	Gregory	Madey.	2009.	“Tools	of	the	Trade:	A	Survey	of	Various	Agent	Based	Modeling	

Platforms.”	Journal	of	Artificial	Societies	and	Social	Simulation	12	(2).	

http://jasss.soc.surrey.ac.uk/12/2/2.html.	

Norling,	Emma,	Bruce	Edmonds,	and	Ruth	Meyer.	2013.	“Informal	Approaches	to	Developing	Simulation	Models.”	

In	Simulating	Social	Complexity.	A	Handbook,	edited	by	Bruce	Edmonds	and	Ruth	Meyer,	39–56.	Berlin,	

Heidelberg:	Springer-Verlag.	

North,	Michael	J.,	and	Charles	M.	Macal.	2014.	“Product	and	Process	Patterns	for	Agent-Based	Modelling	and	

Simulation.”	Journal	of	Simulation	8.	Nature	Publishing	Group:	25–36.	doi:10.1057/jos.2013.4.	

Norton,	Christopher	J,	and	Kidong	Bae.	2008.	“The	Movius	Line	Sensu	Lato	(Norton	et	Al.,	2006)	Further	Assessed	

and	Defined.”	Journal	of	Human	Evolution	55	(6).	Elsevier	Ltd:	1148–50.	doi:10.1016/j.jhevol.2008.08.003.	

Norton,	Christopher	J,	Kidong	Bae,	John	W	K	Harris,	and	Hanyong	Lee.	2006.	“Middle	Pleistocene	Handaxes	from	

the	Korean	Peninsula.”	Journal	of	Human	Evolution	51	(5):	527–36.	doi:10.1016/j.jhevol.2006.07.004.	

Norton,	Christopher	J,	Xing	Gao,	Wu	Liu,	David	R	Braun,	and	Xiujie	Wu.	2010.	“Central-East	China	–	A	Plio-

Pleistocene	Dispersal	Corridor:	The	Current	State	of	Evidence	for	Hominin	Occupations.”	In	Asian	

Paleoanthrpology.	From	Africa	to	China	and	Beyond,	edited	by	Christopher	J.	Norton	and	David	R.	Braun,	

159–68.	Heidelberg/London/New	York:	Springer.	doi:10.1007/978-90-481-9094-2.	

O’Regan,	Hannah	J.	2008.	“The	Iberian	Peninsula	-	Corridor	or	Cul-de-Sac?	Mammalian	Faunal	Change	and	Possible	

Routes	of	Dispersal	in	the	Last	2	Million	Years.”	Quaternary	Science	Reviews	27	(23–24).	Elsevier	Ltd:	2136–

44.	doi:10.1016/j.quascirev.2008.08.007.	

O’Regan,	Hannah	J.,	Alan	Turner,	Laura	C.	Bishop,	Sarah	Elton,	and	Angela	L.	Lamb.	2011.	“Hominins	without	

Fellow	Travellers?	First	Appearances	and	Inferred	Dispersals	of	Afro-Eurasian	Large-Mammals	in	the	Plio-

Pleistocene.”	Quaternary	Science	Reviews	30	(11–12).	Elsevier	Ltd:	1343–52.	

doi:10.1016/j.quascirev.2009.11.028.	

O’Sullivan,	David,	and	Mordechai	Haklay.	2000.	“Agent-Based	Models	and	Individualism:	Is	the	World	Agent-

Based?”	Environment	and	Planning	A	32	(8):	1409–26.	doi:10.1068/a32140.	



Bibliography 

243 

O’Sullivan,	David,	James	Millington,	George	Perry,	and	John	Wainwright.	2012.	“Agent-Based	Models	-	Because	

They’re	Worth	It?”	In	Agent-Based	Models	of	Geographical	Systems,	edited	by	Alison	J.	Heppenstall,	Andrew	

T.	Crooks,	Linda	M.	See,	and	Michael	Batty,	109–23.	Dordrecht:	Springer	Netherlands.	doi:10.1007/978-90-

481-8927-4.	

O’Sullivan,	David,	and	George	Perry.	2013.	Spatial	Simulation:	Exploring	Pattern	and	Process.	Chichester:	Wiley-

Blackwell.	

Oliva,	Martin.	2005.	Palaeolithic	and	Mesolithic	Moravia.	Brno:	Moravské	zemské	muzeum.	

Ollé,	Andreu,	Josep	Maria	Vergès,	Xosé	Pedro	Rodríguez-Álvarez,	Isabel	Cáceres,	Diego	E.	Angelucci,	Josep	

Vallverdú,	Martina	Demuro,	et	al.	2016.	“The	Middle	Pleistocene	Site	of	La	Cansaladeta	(Tarragona,	Spain):	

Stratigraphic	and	Archaeological	Succession.”	Quaternary	International	393:	137–57.	

doi:10.1016/j.quaint.2015.08.053.	

Oms,	Oriol,	Josep	M.	Parés,	Bienvenido	Martinez-Navarro,	Jordi	Agusti,	Ignacio	Toro,	G.	Martinez-Fernández,	and	

Alain	Turq.	2000.	“Early	Human	Occupation	of	Western	Europe:	Paleomagnetic	Dates	for	Two	Paleolithic	

Sites	in	Spain.”	Proceedings	of	the	National	Academy	of	Sciences	of	the	United	States	of	America	97:	10666–70.	

doi:10.1073/pnas.180319797.	

Oosterbeek,	Luiz,	Stefano	Grimaldi,	Pierluigi	Rosina,	Sara	Cura,	and	Pedro	P	Cunha.	2010.	“The	Earliest	Pleistocene	

Archaeological	Sites	in	Western	Iberia:	Present	Evidence	and	Research	Prospects.”	Quaternary	International	

224:	399–407.	doi:10.1016/j.quaint.2010.01.024.	

OpenABM.	2014.	“Open	Agent	Based	Modeling	Consortium.	A	Node	in	the	CoMSES	Network.”	

https://www.openabm.org.	

Oreskes,	Naomi,	Kristin	Shrader-Frechette,	and	Kenneth	Belitz.	1994.	“Verification,	Validation,	and	Confirmation	of	

Numerical	Models	in	the	Earth	Sciences.”	Science	263	(5147):	641–46.	

Otte,	Marcel.	2010.	“Before	Levallois.”	Quaternary	International	223–224	(September).	Elsevier	Ltd	and	INQUA:	

273–80.	doi:10.1016/j.quaint.2009.11.033.	

Otte,	Marcel,	Isin	Yalçinkaya,	Janusz	Krzysztof	Kozlowski,	Ofer	Bar-Yosef,	Ignacio	López	Bayón,	and	Harun	

Taskiran.	1998.	“Long-Term	Technical	Evolution	and	Human	Remains	in	the	Anatolian	Palaeolithic.”	Journal	

of	Human	Evolution	34:	413–31.	

Paddayya,	K.,	Bonnie	Blackwell,	R.	Jhaldiyal,	Michael	D.	Petraglia,	S.	Fevrier,	D.	Chaderton,	Joel	Blickstein,	and	Anne	

R.	Skinner.	2002.	“Recent	Findings	on	the	Acheulian	of	the	Hunsgi	and	Baichbal	Valleys,	Karnataka,	with	

Special	Reference	to	the	Isampur	Excavation	and	Its	Dating.”	Current	Science	83	(5):	641–47.	

Palmqvist,	Paul,	J	a	Pérez-Claros,	Josep	Gibert,	and	J	L	Santamaría.	1996.	“Comparative	Morphometric	Study	of	a	

Human	Phalanx	from	the	Lower	Pleistocene	Site	at	Cueva	Victoria	(Murcia,	Spain),	by	Means	of	Fourier	

Analysis,	Shape	Coordinates	of	Landmarks,	Principal	and	Relative	Warps.”	Journal	of	Archaeological	Science	

23:	95–107.	doi:10.1006/jasc.1996.0008.	

Palombo,	Maria	Rita.	2013.	“What	about	Causal	Mechanisms	Promoting	Early	Hominin	Dispersal	in	Eurasia?	A	

Research	Agenda	for	Answering	a	Hotly	Debated	Question.”	Quaternary	International	295.	Elsevier	Ltd	and	

INQUA:	13–27.	doi:10.1016/j.quaint.2011.12.019.	



Bibliography 

  244  

Palombo,	Maria	Rita,	and	Margherita	Mussi.	2006.	“Large	Mammal	Guilds	at	the	Time	of	the	First	Human	

Colonization	of	Europe:	The	Case	of	the	Italian	Pleistocene	Record.”	Quaternary	International	149:	94–103.	

doi:10.1016/j.quaint.2005.11.022.	

Panagopoulou,	Eleni,	Vangelis	Tourloukis,	Nicholas	Thompson,	Athanassios	Athanassiou,	Georgia	Tsartsidou,	

George	E.	Konidaris,	Domenico	Giusti,	Panagiotis	Karkanas,	and	Katerina	Harvati.	2015.	“Marathouse	1:	A	

New	Middle	Pleistocene	Archaeological	Site	from	Greece.”	Antiquity	Project	Gallery,	no.	343.	

Pappu,	Shanti,	Yanni	Gunnell,	Kumar	Akhilesh,	Régis	Braucher,	Maurice	Taieb,	François	Demory,	and	Nicolas	

Thouveny.	2011.	“Early	Pleistocene	Presence	of	Acheulean	Hominins	in	South	India.”	Science	331	(2011):	

1596–99.	doi:10.1126/science.1200183.	

Parés,	J.	M.,	M.	Duval,	and	L.	J.	Arnold.	2013.	“New	Views	on	an	Old	Move:	Hominin	Migration	into	Eurasia.”	

Quaternary	International	295.	Elsevier	Ltd	and	INQUA:	5–12.	doi:10.1016/j.quaint.2011.12.015.	

Paŕes,	Josep	M.,	Alfredo	Pérez-González,	Antonio	Rosas,	a.	Benito,	J.	M.	Bermúdez	de	Castro,	E.	Carbonell,	and	R.	

Huguet.	2006.	“Matuyama-Age	Lithic	Tools	from	the	Sima	Del	Elefante	Site,	Atapuerca	(Northern	Spain).”	

Journal	of	Human	Evolution	50:	163–69.	doi:10.1016/j.jhevol.2005.08.011.	

Parfitt,	Simon	A.,	Nick	M.	Ashton,	Simon	G.	Lewis,	Richard	L.	Abel,	G.	Russell	Coope,	Mike	H.	Field,	Rowena	Gale,	et	

al.	2010.	“Early	Pleistocene	Human	Occupation	at	the	Edge	of	the	Boreal	Zone	in	Northwest	Europe.”	Nature	

466	(7303).	Nature	Publishing	Group:	229–33.	doi:10.1038/nature09117.	

Parfitt,	Simon	A.,	René	W.	Barendregt,	Marzia	Breda,	Ian	Candy,	Matthew	J.	Collins,	G.	Russell	Coope,	Paul	

Durbidge,	et	al.	2005.	“The	Earliest	Record	of	Human	Activity	in	Northern	Europe.”	Nature	438	(7070):	

1008–12.	doi:10.1038/nature04227.	

Pavlov,	P.Yu.	2008.	“The	Paleolithic	of	Northeastern	Europe:	New	Data.”	Archaeology,	Ethnology	and	Anthropology	

of	Eurasia	33	(1):	33–45.	doi:10.1016/j.aeae.2008.04.014.	

Peña,	Jorge,	and	Georg	Nöldeke.	2016.	“Variability	in	Group	Size	and	the	Evolution	of	Collective	Action.”	Journal	of	

Theoretical	Biology	389.	Elsevier:	72–82.	doi:http://dx.doi.org/10.1016/j.jtbi.2015.10.023.	

Petraglia,	Michael	D.	2003.	“The	Lower	Paleolithic	of	the	Arabian	Peninsula:	Occupations,	Adaptations,	and	

Dispersals.”	Journal	of	World	Prehistory	17	(2):	141–79.	

Petraglia,	Michael	D,	and	Ceri	Shipton.	2008.	“Large	Cutting	Tool	Variation	West	and	East	of	the	Movius	Line.”	

Journal	of	Human	Evolution	55	(6).	Elsevier	Ltd:	962–66.	doi:10.1016/j.jhevol.2007.11.007.	

Petraglia,	Michael	D.	2010.	“The	Early	Paleolithic	of	the	Indian	Subcontinent:	Hominin	Colonization,	Dispersals	and	

Occupation	History.”	In	Out	of	Africa	I:	The	First	Hominin	Colonization	of	Eurasia,	edited	by	John	G.	Fleagle,	

John	J.	Shea,	Frederick	E.	Grine,	Andrea	L.	Baden,	and	Richard	E.	Leakey,	Vertebrate,	165–79.	Amsterdam:	

Springer	Netherlands.	doi:10.1007/978-90-481-9036-2.	

Petraglia,	Michael	D.	2011.	“Assessment	and	Critique	of	Chronometric	Ages	Associated	with	‘Early’	Acheulean	

Assemblages	in	the	Indian	Subcontinent.”	In	Handaxes	in	the	Imjin	Basin.	Diversity	and	Variability	in	the	East	

Asian	Paleolithic,	edited	by	Seonbok	Yi,	157–77.	Seoul:	Seoul	National	University	Press.	



Bibliography 

245 

Petraglia,	Michael	D.	2003.	“The	Lower	Paleolithic	of	the	Arabian	Peninsula:	Occupations,	Adaptations,	and	

Dispersals.”	Journal	of	World	Prehistory	17	(2):	141–80.	doi:10.1023/A:1025849206519.	

Pickering,	Travis	Rayne,	Jason	L.	Heaton,	Ronald	J.	Clarke,	Morris	B.	Sutton,	C.K.	Brain,	and	Kathleen	Kuman.	2012.	

“New	Hominid	Fossils	from	Member	1	of	the	Swartkrans	Formation,	South	Africa.”	Journal	of	Human	

Evolution	62	(5).	Elsevier	Ltd:	618–28.	doi:10.1016/j.jhevol.2012.02.003.	

Pickford,	M.,	and	B.	Senut.	2001.	“‘Millennium	Ancestor’,	a	6-Million-Year-Old	Bipedal	Hominid	from	Kenya.”	South	

African	Journal	of	Science	97	(1–2):	22.	

Pidd,	Michael.	2004.	Computer	Simulation	in	Management	Science.	Chichester:	John	Wiley	and	Sons.	

doi:10.1057/palgrave.jos.4250005.	

Pollarolo,	Luca,	George	J.	Susino,	Kathleen	Kuman,	and	Laurent	Bruxelles.	2010.	“Acheulian	Artefacts	at	Maropeng	

in	the	Cradle	of	Humankind	World	Heritage	Site,	Guateng	Province,	South	Africa.”	South	African	

Archaeological	Bulletin	65	(191):	3–12.	

Porat,	Naomi,	and	Avraham	Ronen.	2002.	“Luminescence	and	ESR	Age	Determinations	of	the	Lower	Paleolithic	

Site	Evron	Quarry,	Israel.”	Advances	in	ESR	Applications	18:	123–30.	

Potts,	Richard.	1998.	“Environmental	Hypotheses	of	Hominin	Evolution.”	Yearbook	of	Physical	Anthropology	41	

(January):	93–136.	http://www.ncbi.nlm.nih.gov/pubmed/9881524.	

Potts,	Richard.	1996.	“Evolution	and	Climate	Variability.”	Science	273	(5277):	922–23.	

http://www.jstor.org/stable/2891518.	

Potts,	Richard.	1998.	“Variability	Selection	in	Hominid	Evolution.”	Evolutionary	Anthropology	7	(3):	81–96.	

doi:10.1002/(SICI)1520-6505(1998)7:3<81::AID-EVAN3>3.0.CO;2-A.	

Poundstone,	William.	1985.	The	Recursive	Universe:	Cosmic	Complexity	and	the	Limits	of	Scientific	Knowledge.	New	

York:	William	Morrow	and	Company.	

Powell,	Adam,	Stephen	Shennan,	and	Mark	G.	Thomas.	2009.	“Late	Pleistocene	Demography	and	the	Appearance	of	

Modern	Human	Behaviour.”	Science	324:	1298–1301.	doi:10.1126/science.1170165.	

Powers,	Simon	T.,	and	Laurent	Lehmann.	2013.	“The	Co-Evolution	of	Social	Institutions	,	Demography	,	and	Large-	

Scale	Human	Cooperation.”	Ecology	Letters	16:	1356–64.	doi:10.1111/ele.12178.	

Praslov,	Nikolai	D.	1995.	“The	Earliest	Occupation	of	the	Russian	Plain:	A	Short	Note.”	In	The	Earliest	Occupation	of	

Europe.	Proceedings	of	the	European	Science	Foundation	Workshop	at	Tautavel	(France),	1993,	edited	by	Wil	

Roebroeks	and	Thijs	van	Kolfschoten.	Leiden.	

Premo,	L.	S.	2012.	“Hitchhiker’s	Guide	to	Genetic	Diversity	in	Socially	Structured	Populations.”	Current	Zoology	58	

(2):	287–97.	

Premo,	Luke	S.	2007.	“Exploratory	Agent-Based	Models:	Towards	an	Experimental	Ethnoarchaeology.”	In	Digital	

Discovery:	Exploring	New	Frontiers	in	Human	Heritage,	edited	by	J.	T.	Clark	and	E.	M.	Hagemeister,	17:91–

113.	Budapest:	Archaeolingua.	



Bibliography 

  246  

Premo,	Luke	S.	2006.	“Exploratory	Agent-Based	Models:	Towards	an	Experimental	Ethnoarchaeology.”	Arizona	

Anthropologist	17:	91–113.	

Premo,	Luke	S.	2010.	“Equifinality	and	Explanation:	The	Role	of	Agent-Based	Modeling	in	Postpositivist	

Archaeology.”	In	Simulating	Change.	Archaeology	into	the	Twenty-First	Century,	edited	by	Andre	Costopoulos	

and	Mark	Lake,	Foundation,	28–37.	Salt	Lake	City:	University	of	Utah	Press.	

Premo,	Luke	S.	2014.	“Cultural	Transmission	and	Diversity	in	Time-Averaged	Assemblages.”	Current	Anthropology	

55	(1):	105–14.	doi:10.1086/674873.	

Premo,	Luke	S.	2006.	“Agent-Based	Models	as	Behavioral	Laboratories	for	Evolutionary	Anthropological	

Research.”	Arizona	Anthropologist	17:	91–113.	

Premo,	Luke	S.	2012.	“The	Shift	to	a	Predominantly	Logistical	Mobility	Strategy	Can	Inhibit	Rather	than	Enhance	

Forager	Interaction.”	Human	Ecology	40	(4):	647–49.	doi:10.1007/s10745-012-9511-6.	

QGIS	Development	Team.	2009.	“QGIS	Geographic	Information	System.”	Open	Source	Geospatial	Foundation.	

Querbes,	Adrien,	Krist	Vaesen,	and	Wybo	Houkes.	2014.	“Complexity	and	Demographic	Explanations	of	

Cumulative	Culture.”	PloS	One	9	(7):	e102543.	doi:10.1371/journal.pone.0102543.	

Querol,	Maria	Ángeles,	and	Gomez	Manuel	Santonja.	1983.	El	Yacimiento	de	Cantos	Trabajados	de	El	Aculadero.	

Madrid:	Ministerio	de	Cultura.	

Railsback,	Steven	F.,	and	Volker	Grimm.	2011.	Agent-Based	and	Individual-Based	Modeling:	A	Practical	

Introduction.	Princeton:	Princeton	University	Press.	

http://books.google.com/books?id=VQOjinaRG9cC&pgis=1.	

Railsback,	Steven	F.,	Steven	L.	Lytinen,	and	Stephen	K.	Jackson.	2006.	“Agent-Based	Simulation	Platforms:	Review	

and	Development	Recommendations.”	Simulation	82	(9):	609–23.	doi:10.1177/0037549706073695.	

Ranov,	Vadim	a.,	Eudald	Carbonell,	and	Xose	Pedro	Rodriguez.	1995.	“Kuldara:	Earliest	Human	Occupation	in	

Central	Asia	in	Its	Afro-Asian	Context.”	Current	Anthropology	36	(2):	337.	doi:10.1086/204366.	

Ranov,	Vadim	A.,	and	Richard	S.	Davis.	1979.	“Toward	a	New	Outline	of	the	Soviet	Central	Asian	Paleolithic.”	

Current	Anthropology	20	(2):	249.	doi:10.1086/202265.	

Raposo,	Luis,	and	Manuel	Santonja.	1995.	“The	Earliest	Occupation	of	Europe:	The	Iberian	Peninsula.”	Analecta	

Praehistorica	Leidensia	27:	7–25.	http://hdl.handle.net/1887/27943.	

Raub,	Werner,	Vincent	Buskens,	and	Marcel	A.	L.	M.	Van	Assen.	2011.	“Micro-Macro	Links	and	Microfoundations	in	

Sociology.”	The	Journal	of	Mathematical	Sociology	35	(1–3):	1–25.	doi:10.1080/0022250X.2010.532263.	

Raynal,	Jean	Paul,	Lionel	Magoga,	and	Peter	Bindon.	1995.	“Tephrofacts	and	the	First	Human	Occupation	of	the	

French	Massif	Central.”	In	The	Earliest	Occupation	of	Europe.	Proceedings	of	the	European	Science	

Foundation,	Workshop	at	Tautavel,	France,	1993,	edited	by	Wil	Roebroeks	and	Thijs	van	Kolfschoten,	129–

46.	Leiden:	University	of	Leiden.	http://halshs.archives-ouvertes.fr/halshs-00004086/.	



Bibliography 

247 

Raynal,	Jean	Paul,	Fatima	Zohra	Sbihi	Alaoui,	Lionel	Magoga,	Abderrahim	Mohib,	and	Mehdi	Zouak.	2002.	

“Casablanca	and	the	Earliest	Occupation	of	North	Atlantic	Morocco.”	Quaternaire	13	(1):	65–77.	

Raynal,	Jean-Paul,	Denis	Geraads,	L	Magoga,	Mohammed	Abdeljalil	El	Hajraoui,	Jean-Pierre	Texier,	D	Lefevre,	and	

Fatima-Zohra	Sbihi-Alaoui.	1993.	“La	Grotte	Des	Rhinocéros	(Carrière	Oulad	Hamida	1,	Anciennement	

Thomas	III,	Casablanca),	Nouveau	Site	Acheuléen	Du	Maroc	Atlantique.”	Comptes	Rendus	de	l’Académie	Des	

Sciences-Serie	II	316:	1477–83.	

Raynal,	Jean-Paul,	Lionel	Magoga,	and	Fatima-Zohra	Sbihi-Alaoui.	2002.	“Quelques	Caractères	Des	Industries	

Acheuléennes	Du	Niveau	L	de	La	Carrière	Thomas	1	(Casablanca,	Maroc)	-	Fouilles	1988-1991.”	Bulletin	

d’Archéologie	Marocaine	19:	11–43.	

Raynal,	Jean-paul,	Fatima-zohra	Sbihi-alaoui,	Abderrahim	Mohib,	Mosshine	El,	David	Lefèvre,	Jean-pierre	Texier,	

Denis	Geraads,	et	al.	2010.	“Hominid	Cave	at	Thomas	Quarry	I	(Casablanca,	Morocco	):	Recent	Findings	and	

Their	Context.”	Quaternary	International	223–224.	Elsevier	Ltd	and	INQUA:	369–82.	

doi:10.1016/j.quaint.2010.03.011.	

Read,	Dwight.	2012.	“Population	Size	Does	Not	Predict	Artifact	Complexity:	Analysis	of	Data	from	Tasmania,	Arctic	

Hunter-Gatherers,	and	Oceania.”	Human	Complex	Systems,	1–32.	

http://escholarship.org/uc/item/61n4303q.	

Reynolds,	Sally	C.,	David	M.	Wilkinson,	Christopher	G.	Marston,	and	Hannah	J.	O’Regan.	2015.	“The	‘mosaic	Habitat’	

Concept	in	Human	Evolution:	Past	and	Present.”	Transactions	of	the	Royal	Society	of	South	Africa	70	(1):	57–

69.	doi:10.1080/0035919X.2015.1007490.	

Reynolds,	T.	E.	1990.	“Problems	in	the	Stone	Age	of	Thailand.”	Journal	of	the	Siam	Society	48:	109–14.	

Rhodes,	Edward	J.,	Jean-Paul	Raynal,	Denis	Geraads,	and	Fatima	Zohra	Sbihi	Alaoui.	1994.	“Premieres	Dates	RPE	

Pour	l’Acheuléen	Du	Maroc	Atlantique	(Grotte	Des	Rhinocéros,	Casablanca).”	Comptes	Rendus	de	l’Académie	

Des	Sciences-Serie	II	319:	1109–15.	

Rhodes,	Edward	J.,	Joy	S.	Singarayer,	Jean	Paul	Raynal,	Kira	E.	Westaway,	and	Fatima	Zohra	Sbihi-alaoui.	2006.	

“New	Age	Estimates	for	the	Palaeolithic	Assemblages	and	Pleistocene	Succession	of	Casablanca,	Morocco.”	

Quaternary	Science	Reviews	25:	2569–85.	doi:10.1016/j.quascirev.2005.09.010.	

Richiardi,	Matteo,	Roberto	Leombruni,	Nicole	Saam,	and	Michele	Sonnessa.	2006.	“A	Common	Protocol	for	Agent-

Based	Social	Simulation.”	Journal	of	Artificial	Societies	and	Social	Simulation	9	(1).	

http://jasss.soc.surrey.ac.uk/9/1/15.html.	

Rightmire,	G	Philip.	1998.	“Human	Evolution	in	the	Middle	Pleistocene:	The	Role	of	Homo	Heidelbergensis.”	

Evolutionary	Anthropology	6	(6):	218–27.	

Rightmire,	G.	P.	2001.	“Patterns	of	Hominid	Evolution	and	Dispersal	in	the	Middle	Pleistocene.”	Quaternaly	

International	75:	77–84.	doi:10.1016/S1040-6182(00)00079-3.	

Rightmire,	G.	Philip.	1993.	The	Evolution	of	Homo	Erectus,	Comparative	Anatomical	Studies	of	an	Extinct	Human	

Species.	Cambridge:	Cambridge	University	Press.	



Bibliography 

  248  

Ritter,	Frank	E.,	Michael	J.	Schoelles,	Karen	S.	Quigley,	and	Laura	Cousino	Klein.	2011.	“Determining	the	Number	of	

Simulation	Runs:	Treating	Simulations	as	Theories	by	Not	Sampling	Their	Behavior.”	In	Human-in-the-Loop	

Simulations:	Methods	and	Practice,	edited	by	S.	Narayanan	and	L.	Rothrock,	97–116.	London:	Springer-

Verlag.	http://link.springer.com/chapter/10.1007/978-0-85729-883-6_5.	

Roberts,	Mark	B.,	and	Simon	A.	Parfitt.	1999.	Boxgrove.	A	Middle	Pleistocene	Hominid	Site	at	Eartham	Quarry,	

Boxgrove,	West	Sussex.	London:	English	Heritage.	

Robson,	Shannen	L,	and	Bernard	Wood.	2008.	“Hominin	Life	History:	Reconstruction	and	Evolution.”	Journal	of	

Anatomy	212	(4):	394–425.	doi:10.1111/j.1469-7580.2008.00867.x.	

Rodriguez	Asensio,	José	Adolfo.	2015.	“Le	gisement	paléolithique	ancien	de	Cabo	Busto	(Asturies.	Nord	de	la	

Péninsule	Ibérique).”	L’	Anthropologie	103	(3).	Elsevier:	327–41.	Accessed	February	9.	

http://cat.inist.fr/?aModele=afficheN&cpsidt=1556512.	

Roebroeks,	W,	and	T	van	Kolfschoten.	1995.	The	Earliest	Occupation	of	Europe;	Proceedings	of	the	European	Science	

Foundation	Workshop	at	Tautavel	(France).	Edited	by	Wil	Roebroeks	and	Thijs	van	Kolfschoten.	The	Earliest	

Occupation	of	Europe.	Leiden:	University	of	Leiden.	

Roebroeks,	Wil.	2001.	“Hominid	Behaviour	and	the	Earliest	Occupation	of	Europe:	An	Exploration.”	Journal	of	

Human	Evolution	41	(5):	437–61.	

Roebroeks,	Wil.	2006.	“The	Human	Colonisation	of	Europe:	Where	Are	We?”	Journal	of	Quaternary	Science	21	(5):	

425–35.	doi:10.1002/jqs.1044.	

Roebroeks,	Wil,	and	Thijs	van	Kolfschoten.	1994.	“The	Earliest	Occupation	of	Europe:	A	Short	Chronology.”	

Antiquity	68	(260):	489–503.	doi:10.1086/204707.	

Roebroeks,	Wil,	and	Paola	Villa.	2011.	“On	the	Earliest	Evidence	for	Habitual	Use	of	Fire	in	Europe.”	Proceedings	of	

the	National	Academy	of	Sciences	of	the	United	States	of	America	108	(13):	5209–14.	

doi:10.1073/pnas.1018116108.	

Rolland,	Nicolas.	2010.	“The	Earliest	Hominid	Dispersals	beyond	Subsaharan	Africa :	A	Survey	of	Underlying	

Causes.”	Quaternary	International	223–224.	Elsevier	Ltd	and	INQUA:	54–64.	

doi:10.1016/j.quaint.2010.02.011.	

Rolland,	Nicolas.	1992.	“The	Palaeolithic	Colonization	of	Europe:	An	Archaeological	and	Biogeographic	

Perspective.”	Trabajos	de	Prehistoria	49:	69–111.	

Rolland,	Nicolas.	2014.	“The	Pleistocene	Peopling	of	the	North:	Paleolithic	Milestones	and	Thresholds	Horizons	in	

Northern	Eurasia.”	Archaeology,	Ethnology	and	Anthropology	of	Eurasia	42	(1).	Elsevier	Srl:	2–17.	

doi:10.1016/j.aeae.2014.10.001.	

Romanowska,	Iza.	2015.	“Agent-Based	Modelling	and	Archaeological	Hypothesis	Testing:	The	Case	Study	of	the	

European	Lower	Palaeolithic.”	In	Across	Space	and	Time.	Papers	from	the	41st	Conference	on	Computer	

Applications	and	Quantitative	Methods	in	Archaeology.	Perth,	25-28	March	2013,	edited	by	Arianna	Traviglia,	

203–14.	Amsterdam:	Amsterdam	University	Press.	



Bibliography 

249 

Romanowska,	Iza.	2012.	“Ex	Oriente	Lux:	A	Re-Evaluation	of	the	Lower	Palaeolithic	of	Central	and	Eastern	

Europe.”	In	Unravelling	the	Palaeolithic.	Ten	Years	of	Research	at	the	Centre	for	the	Archaeology	of	Human	

Origins	(CAHO,	University	of	Southampton),	edited	by	Karen	Ruebens,	Iza	Romanowska,	and	Rachel	Bynoe,	

1–12.	Oxford:	Archaeopress.	

Ron,	Hagai,	and	Shaul	Levi.	2001.	“When	Did	Hominids	First	Leave	Africa?:	New	High-Resolution	

Magnetostratigraphy	from	the	Erk-El-Ahmar	Formation,	Israel.”	Geology	29	(10):	887–90.	

doi:10.1130/0091-7613(2001)029<0887:WDHFLA>2.0.CO;2.	

Ron,	Hagai,	Naomi	Porat,	Avraham	Ronen,	Eitan	Tchernov,	and	Liora	K.	Horwitz.	2003.	“Magnetostratigraphy	of	

the	Evron	Member	-	Implications	for	the	Age	of	the	Middle	Acheulian	Site	of	Evron	Quarry.”	Journal	of	

Human	Evolution	44:	633–39.	doi:10.1016/S0047-2484(03)00043-5.	

Ronen,	Avraham.	2006.	“The	Oldest	Human	Groups	in	the	Levant.”	Comptes	Rendus	-	Palevol	5:	343–51.	

doi:10.1016/j.crpv.2005.11.005.	

Ronen,	Avraham.	2003.	“The	Small	Tools	of	Evron-Quarry,	Western	Galilee,	Israel.”	In	Lower	Palaeolithic	Small	

Tools	in	Europe	and	the	Levant,	edited	by	Jan	Michał	Burdukiewicz	and	Avraham	Ronen,	BAR	Intern,	113–20.	

Oxford:	Archaeopress.	

Ronen,	Avraham.	1991.	“The	Yiron-Gravel	Lithic	Assemblage	Artifacts	Older	than	2.4	My	in	Israel.”	Archäologisches	

Korrespondenzblatt	21:	159–64.	

Rook,	Lorenzo,	Bienvenido	Martínez-Navarro,	and	F.	Clark	Howell.	2004.	“Occurrence	of	Theropithecus	Sp.	in	the	

Late	Villafranchian	of	Southern	Italy	and	Implication	for	Early	Pleistocene	‘out	of	Africa’	dispersals.”	Journal	

of	Human	Evolution	47	(4):	267–77.	doi:10.1016/j.jhevol.2004.08.001.	

Ropella,	Glen	E,	Steven	F.	Railsback,	and	Stephen	K	Jackson.	2002.	“Software	Engineering	Considerations	for	

Individual-Based	Models.”	Natural	Resource	Modeling	15	(1):	5–22.	

Rosas,	Antonio,	Alfredo	Pérez-González,	Eudald	Carbonell,	Jan	van	der	Made,	Antonio	Sánchez,	Cesar	Laplana,	

Gloria	Cuenca-Bescós,	Josep	M.	Parés,	and	Rosa	Huguet.	2001.	“Le	Gisement	Pléistocène	de	La	Sima	Del	

Elefante	(Sierra	de	Atapuerca,	Espagne).”	L’Anthropologie	105:	301–12.	

Rossiter,	Stuart.	2015.	“Simulation	Design:	Trans-Paradigm	Best-Practice	from	Software	Engineering.”	Journal	of	

Artificial	Societies	and	Social	Simulation.	

Rouly,	Ovi	Chris,	and	Andrew	Crooks.	2010.	“A	Prototype,	Multi-Agent	System	for	the	Study	of	the	Peopling	of	the	

Western	Hemisphere.”	In	Proceedings	of	the	3rd	World	Congress	on	Social	Simulation	(WCSS2010):	Scientific	

Advances	in	Understanding	Societal	Processes	and	Dynamics,	Kassel,	Germany.,	edited	by	A.	Ernst	and	S.	Kuhn.	

Runnels,	C.,	and	Tjeerd	H.	van	Andel.	1999.	“The	Palaeolithic	in	Larisa,	Thessaly.”	In	The	Palaeolithic	Archaeology	of	

Greece	and	Adjecent	Areas.	Proceedings	of	the	ICOPAG	Conference,	Ioannina,	September	1994,	edited	by	G.	N.	

Bailey,	E.	Adam,	E.	Panagopoulou,	C.	Perlès,	and	K.	Zachos,	215–20.	London:	The	British	School	at	Athens.	

Russell,	Thembi,	Fabio	Silva,	and	James	Steele.	2014.	“Modelling	the	Spread	of	Farming	in	the	Bantu-Speaking	

Regions	of	Africa:	An	Archaeology-Based	Phylogeography.”	PloS	One	9	(1):	e87854.	

doi:10.1371/journal.pone.0087854.	



Bibliography 

  250  

Sagan,	Carl.	1990.	“Cosmos:	A	Personal	Voyage.	Episode	4.	Heaven	and	Hell.”	

Sahnouni,	Mohamed.	2006.	“Les	plus	Vieilles	Traces	D’occupation	Humaine	En	Afrique	Du	Nord:	Perspective	de	

l’Ain	Hanech,	Algérie.”	Comptes	Rendus	Palevol	5:	243–54.	doi:10.1016/j.crpv.2005.09.019.	

Sahnouni,	Mohamed.	1998.	The	Lower	Palaeolithic	of	the	Maghreb.	Excavations	and	Analyses	at	Ain	Hanech,	Algeria.	

BAR	Intern.	Oxford:	Archaeopress.	

Sahnouni,	Mohamed,	Jan	Van	Der	Made,	and	Melanie	Everett.	2010.	“Early	North	Africa:	Chronology,	Ecology,	and	

Hominin	Behavior:	Insights	from	Ain	Hanech	and	El-Kherba,	Northeastern	Algeria.”	Quaternary	

International	223–224.	Elsevier	Ltd	and	INQUA:	436–38.	doi:10.1016/j.quaint.2009.07.016.	

Sangode,	Satish	J.,	Sheila	Mishra,	Satish	Naik,	and	Sushama	Deo.	2007.	“Magnetostratigraphy	of	the	Quaternary	

Sediments	Associated	with	Some	Toba	Tephra	and	Acheulian	Artefact	Bearing	Localities	in	the	Western	and	

Central	India.”	Gondwana	Geological	Magazine	10:	111–21.	

Saragusti,	Idit,	and	Naama	Goren-Inbar.	2001.	“The	Biface	Assemblage	from	Gesher	Benot	Ya’aqov,	Israel:	

Illuminating	Patterns	in	‘Out	of	Africa’	dispersal.”	Quaternary	International	75:	85–89.	doi:10.1016/S1040-

6182(00)00080-X.	

Sargent,	R.G.	2013.	“Verification	and	Validation	of	Simulation	Models.”	Journal	of	Simulation	1	(1).	Nature	

Publishing	Group:	12–24.	doi:10.1109/WSC.1998.744907.	

Schattner,	Uri,	and	Michael	Lazar.	2009.	“Subduction,	Collision	and	Initiation	of	Hominin	Dispersal.”	Quaternary	

Science	Reviews	28	(19–20).	Elsevier	Ltd:	1820–24.	doi:10.1016/j.quascirev.2009.06.003.	

Schepartz,	Lynne	A.,	Sari	Miller-Antonio,	and	Deborah	A.	Bakken.	2000.	“Upland	Resources	and	the	Early	

Palaeolithic	Occupation	of	Southern	China,	Vietnam,	Laos,	Thailand	and	Burma.”	World	Archaeology	32	(1):	

1–13.	doi:10.1080/004382400409862.	

Scherjon,	Fulco.	2013.	“SteppingIn	-	Modern	Humans	Moving	into	Europe	-	Implementation.”	In	Proceedings	of	the	

40th	Conference	on	Computer	Applications	and	Quantitative	Methods	in	Archaeology	Southampton,	26-30	

March	2012,	edited	by	Graeme	Earl,	Tim	Sly,	Angeliki	Chrysanthi,	Patricia	Murrieta-Flores,	Constantinos	

Papadopoulos,	Iza	Romanowska,	and	David	Wheatley,	105–17.	Amsterdam:	Pallas	Publications.	

Schick,	Kathy.	1994.	“The	Movius	Line	Reconsidered:	Perspectives	on	the	Earlier	Paleolithic	of	Eastern	Asia.”	In	

Integrative	Paths	to	the	Past:	Palaeoanthropological	Advances	in	Honor	of	F.	Clark	Howell,	edited	by	Robert	S.	

Corruccini	and	R.	L.	Ciochon,	569–96.	New	Jersey:	Advances	in	Human	Evolution	Series,	Paramount	

Communications.	

Schick,	Kathy,	and	Nicholas	Toth.	1993.	Making	Silent	Stones	Speak:	Human	Evolution	and	the	Dawn	of	Human	

Technology.	London:	Weidenfeld	and	Nicolson.	

Schoenemann,	P.	Thomas.	2006.	“Evolution	of	the	Size	and	Functional	Areas	of	the	Human	Brain.”	Annual	Review	of	

Anthropology	35	(1):	379–406.	doi:10.1146/annurev.anthro.35.081705.123210.	

Schwarcz,	Henry	P,	Rainer	Grün,	and	Phillip	V	Tobias.	1994.	“ESR	Dating	Studies	of	the	Australopithecine	Site	of	

Sterkfontein,	South	Africa.”	Journal	of	Human	Evolution.	doi:10.1006/jhev.1994.1010.	



Bibliography 

251 

Scott,	Gary	R,	and	Luis	Gibert.	2009.	“The	Oldest	Hand-Axes	in	Europe.”	Nature	461	(7260).	Nature	Publishing	

Group:	82–85.	doi:10.1038/nature08214.	

Segre,	Aldo	Giacomo,	and	Italo	Biddittu.	2009.	“Pléistocène	Moyen	et	Inférieur	Dans	Le	Latium	(Italie	Centrale).”	

Anthropologie	113	(1):	59–65.	doi:10.1016/j.anthro.2009.01.011.	

Segre,	Aldo,	and	Antonio	Ascenzi.	1984.	“Fontana	Ranuccio:	Italy’s	Earliest	Middle	Pleistocene	Hominid	Site.”	

Current	Anthropology	25	(2):	230–33.	http://www.jstor.org/stable/2742829.	

Semaw,	Sileshi,	Paul	R.	Renne,	John	W.K.	Harris,	Craig	S.	Feibel,	Raymond	L.	Bernor,	N.	Fesseha,	and	K.	Mowbray.	

1997.	“2.5-Million-Year-Old	Stone	Tools	from	Gona,	Ethiopia.”	Nature.	doi:10.1038/385333a0.	

Semaw,	Sileshi,	Michael	J.	Rogers,	Jay	Quade,	Paul	R.	Renne,	Robert	F.	Butler,	Manuel	Dominguez-Rodrigo,	Dietrich	

Stout,	William	S.	Hart,	Travis	Pickering,	and	Scott	W.	Simpson.	2003.	“2.6-Million-Year-Old	Stone	Tools	and	

Associated	Bones	from	OGS-6	and	OGS-7,	Gona,	Afar,	Ethiopia.”	Journal	of	Human	Evolution	45	(2):	169–77.	

doi:10.1016/S0047-2484(03)00093-9.	

Shannon,	Robert	E.	1998.	“Introduction	to	the	Art	and	Science	of	Simulation.”	In	Proceedings	of	the	1998	Winter	

Simulation	Conference,	edited	by	D.	J.	Medeiros,	E.	F.	Watson,	J.	S.	Carson,	and	M.	S.	Manivannan,	1:7–14.	

Washington:	IEEE.	doi:10.1109/WSC.1998.744892.	

Shchelinsky,	V.E.,	A.E.	Dodonov,	V.S.	Baigusheva,	S.a.	Kulakov,	A.N.	Simakova,	A.S.	Tesakov,	and	V.V.	Titov.	2010.	

“Early	Palaeolithic	Sites	on	the	Taman	Peninsula	(Southern	Azov	Sea	Region,	Russia):	Bogatyri/Sinyaya	

Balka	and	Rodniki.”	Quaternary	International	223–224:	28–35.	doi:10.1016/j.quaint.2009.08.017.	

Shchelinsky,	V.E.,	M.	Gurova,	A.S.	Tesakov,	V.V.	Titov,	P.D.	Frolov,	and	A.N.	Simakova.	2016.	“The	Early	Pleistocene	

Site	of	Kermek	in	Western	Ciscaucasia	(Southern	Russia):	Stratigraphy,	Biotic	Record	and	Lithic	Industry	

(Preliminary	Results).”	Quaternary	International	393	(January):	51–69.	doi:10.1016/j.quaint.2015.10.032.	

Shea,	John	J.	2010.	“Stone	Age	Visiting	Cards	Revisited:	A	Strategic	Perspective	on	the	Lithic	Technology	of	Early	

Hominin	Dispersal.”	In	Out	of	Africa	I:	The	First	Hominin	Colonization	of	Eurasia,	edited	by	John	G.	Fleagle,	

John	J.	Shea,	Frederick	E.	Grine,	Andrea	L.	Baden,	and	Richard	E.	Leakey,	47–64.	Dordrecht:	Springer.	

doi:10.1017/CBO9781107415324.004.	

Shelach-Lavi,	Gideon.	2015.	The	Archaeology	of	Early	China.	Cambridge:	Cambridge	University	Press.	

Shen,	Chen,	and	Chun	Chen.	2003.	“New	Evidence	of	Hominid	Behaviour	from	Xiaochangliang,	Northern	China:	Site	

Formation	and	Lithic	Technology.”	In	Current	Reseaerch	in	Chinese	Pleistocene	Archaeology,	edited	by	Chen	

Shen	and	Susan	G.	Keates,	BAR	Intern,	67–82.	Oxford:	Archaeopress.	

Shen,	Chen,	and	Xing	Gao.	2014.	“East	Asia:	Paleolithic.”	In	Encyclopedia	of	Global	Archaeology,	edited	by	Claire	

Smith.	New	York:	Springer.	

Shen,	Chen,	Xiaoling	Zhang,	and	Xing	Gao.	2016.	“Zhoukoudian	in	Transition:	Research	History,	Lithic	

Technologies,	and	Transformation	of	Chinese	Palaeolithic	Archaeology.”	Quaternary	International	400.	

Elsevier	Ltd:	4–13.	doi:10.1016/j.quaint.2015.10.001.	



Bibliography 

  252  

Shen,	Guanjun,	Xing	Gao,	Bin	Gao,	and	Darryl	E.	Granger.	2009.	“Age	of	Zhoukoudian	Homo	Erectus	Determined	
with	(26)Al/(10)Be	Burial	Dating.”	Nature	458	(7235).	Nature	Publishing	Group:	198–200.	
doi:10.1038/nature07741.	

Shen,	Guanjun,	Véronique	Michel,	Jackie	Despriée,	Fei	Han,	and	Darryl	E.	Granger.	2012.	“Datation	
D’enfouissement	Par	26Al/10Be	et	Son	Application	Préliminaire	À	Des	Sites	Du	Paléolithique	Inférieur	En	
Chine	et	En	France.”	L’Anthropologie	116	(1).	Elsevier	Masson	SAS:	1–11.	doi:10.1016/j.anthro.2011.12.007.	

Shennan,	Stephen.	2001.	“Demography	and	Cultural	Innovation:	A	Model	and	Its	Implications	for	the	Emergence	of	
Modern	Human	Culture.”	Cambridge	Archaeological	Journal	11	(1):	5–16.	
doi:10.1017/S0959774301000014.	

Shennan,	Stephen.	2000.	“Population,	Culture	History,	and	the	Dynamics	of	Culture	Change.”	Current	Anthropology	
41	(5):	811–35.	

Shipton,	Ceri,	and	Michael	D.	Petraglia.	2014.	“Middle	East,	Central	Asia,	and	the	Indian	Subcontinent:	Lower	
Paleolithic.”	In	Encyclopedia	of	Global	Archaeology,	edited	by	Claire	Smith.	New	York:	Springer.	

Shultz,	Susanne,	and	Mark	Maslin.	2013.	“Early	Human	Speciation,	Brain	Expansion	and	Dispersal	Influenced	by	
African	Climate	Pulses.”	PLoS	ONE	8	(10):	1–7.	doi:10.1371/journal.pone.0076750.	

Siebers,	Peer	Olaf,	Charles	M	Macal,	Jeremy	Garnett,	David	Buxton,	and	Michael	Pidd.	2010.	“Discrete-Event	
Simulation	Is	Dead,	Long	Live	Agent-Based	Simulation!”	Journal	of	Simulation	4	(3).	Palgrave	Macmillan:	
204–10.	doi:10.1057/jos.2010.14.	

Simanjuntak,	Truman,	François	Sémah,	and	Claire	Gaillard.	2010.	“The	Palaeolithic	in	Indonesia:	Nature	and	
Chronology.”	Quaternary	International	223–224:	418–21.	doi:10.1016/j.quaint.2009.07.022.	

Simon,	Herbert	A.	1956.	“Rational	Choice	and	the	Structure	of	the	Environment.”	Psychological	Review	63	(2):	129–
38.	http://www.ncbi.nlm.nih.gov/pubmed/13310708.	

Sinclair,	Anthony.	2016.	“The	Intellectual	Base	of	Archaeological	Research	2004-2013:	A	Visualisation	and	
Analysis	of	Its	Disciplinary	Links,	Networks	of	Authors	and	Conceptual	Language.”	Internet	Archaeology	42.	
doi:10.11141/ia.42.8.	

Sirakov,	Nikolay,	Jean-Luc	L.	J.-L.	Guadelli,	Stefanka	Ivanova,	Svoboda	Sirakova,	Myriam	Boudadi-Maligne,	Irena	
Dimitrova,	Philippe	Fernandez,	et	al.	2010.	“An	Ancient	Continuous	Human	Presence	in	the	Balkans	and	the	
Beginnings	of	Human	Settlement	in	Western	Eurasia:	A	Lower	Pleistocene	Example	of	the	Lower	
Palaeolithic	Levels	in	Kozarnika	Cave	(North-Western	Bulgaria).”	Quaternary	International	223–224	
(September).	Elsevier	Ltd	and	INQUA:	94–106.	doi:10.1016/j.quaint.2010.02.023.	

Slimak,	Ludovic,	Steven	L.	Kuhn,	Hélène	Roche,	Damase	Mouralis,	Hijlke	Buitenhuis,	Nur	Balkan-Atlı,	Didier	
Binder,	Catherine	Kuzucuoğlu,	and	Hervé	Guillou.	2008.	“Kaletepe	Deresi	3	(Turkey):	Archaeological	
Evidence	for	Early	Human	Settlement	in	Central	Anatolia.”	Journal	of	Human	Evolution	54	(1):	99–111.	
doi:10.1016/j.jhevol.2007.07.004.	

Slimak,	Ludovic,	Hélène	Roche,	Damase	Mouralis,	Hijlke	Buitenhuis,	Nur	Balkan-Atli,	Didier	Binder,	Catherine	
Kuzucuoǧlu,	and	Michel	Grenet.	2004.	“Kalatepe	Deresi	3	(Turquie),	Aspects	Archéologiques,	



Bibliography 

253 

Chronologiques	et	Paléontologiques	D’une	Séquence	Pléistocène	En	Anatolie	Centrale.”	Comptes	Rendus	-	
Palevol	3:	411–20.	doi:10.1016/j.crpv.2004.04.005.	

Smith,	Claire,	ed.	2014.	Encyclopedia	of	Global	Archaeology.	New	York:	Springer.	

Smith,	Sam,	John	K	Hughes,	and	Steven	J	Mithen.	2009.	“Explaining	Global	Patterns	in	Lower	Paleolithic	
Technology.”	In	Pattern	and	Process	in	Cultural	Evolution,	edited	by	Stephen	Shennan,	175–90.	Berkeley:	
University	of	California	Press.	

Snider,	S.	B.,	and	J.	N.	Brimlow.	2013.	“An	Introduction	to	Population	Growth.”	Nature	Education	Knowledge	4	(4):	
3.	http://www.nature.com/scitable/knowledge/library/an-introduction-to-population-growth-84225544.	

Spikins,	P	A,	H	E	Rutherford,	and	A	P	Needham.	2010.	“From	Homininity	to	Humanity:	Compassion	from	the	
Earliest	Archaics	to	Modern	Humans.”	Time	and	Mind	3	(3):	303–25.	
doi:10.2752/175169610x12754030955977.	

Squazzoni,	Flaminio.	2012.	Agent-Based	Computational	Sociology.	Chichester:	Wiley.	

Stanford,	Kyle.	2017.	“Underdetermination	of	Scientific	Theory.”	The	Stanford	Encyclopedia	of	Philosophy	(Winter	
2017	Edition).	https://plato.stanford.edu/archives/win2017/entries/scientific-underdetermination/.	

Steele,	James.	2009.	“Human	Dispersals:	Mathematical	Models	and	the	Archaeological	Record.”	Human	Biology	81	
(2–3):	121–40.	

Steele,	James,	Jonathan	Adams,	and	Tim	Sluckin.	1998.	“Modelling	Paleoindian	Dispersals.”	World	Archaeology	30	
(2):	286–305.	doi:10.1080/00438243.1998.9980411.	

Steele,	James,	and	Stephen	J.	Shennan.	2009.	“Introduction:	Demography	and	Cultural	Macroevolution.”	Human	
Biology	81	(2–3):	105–19.	

Steele,	James,	Tim	J.	Sluckin,	D.	R.	Denholm,	and	Clive	S.	Gamble.	1996.	“Simulating	Hunter-Gatherer	Colonization	
of	the	Americas.”	In	Interfacing	the	Past:	Computer	Applications	and	Quantitative	Methods	in	Archaeology,	
edited	by	Hans	Kamermans	and	Kelly	Fennema,	28:223–27.	Leiden:	Analecta	Praehistorica	Leidensia.	

Stepanchuk,	Vadim.	2006.	НИЖНИЙ	И	СРЕДНИЙ	ПАЛЕОЛИТ	УКРАИНЫ	(Lower	and	Middle	Palaeolithic	of	
Ukraine).	Chernivtsy:	Zelea	Bukovyna.	

Stepanchuk,	Vadim.	2009.	“Medzhibozh,	Ukraine:	Early	Middle	Pleistocene	Evidence	of	Human	Dispersal	at	the	
East	European	Plain.”	In	The	Earliest	Human	MIgrations	in	Eurasia.	Proceedings	of	the	International	
Symposium	(Makhachkala,	Dagestan	Republic,	Russia,	September	6-12,	2009),	edited	by	Anatoli	P.	Derevianko	
and	Michael	V	Shunkov,	291–300.	Novosibirsk:	Institute	of	Archaeology	and	Ethnography	Press.	

Stepanchuk,	Vadim,	and	L.	I.	Rekovetz.	2010.	“НИЖНИЙ	ПАЛЕОЛИТ	УКРАИНЫ.”	In	ДРЕВНЕЙШИЕ	ОБИТАТЕЛИ	
КАВКАЗА	И	РАССЕЛЕНИЕ	ПРЕДКОВ	ЧЕЛОВЕКА	В	ЕВРАЗИИ,	160–71.	Sankt	Petersburg:	Russian	Academy	
of	Science,	Institute	of	the	History	of	Material	Culture.	

Stepanchuk,	Vadim,	Sergei	Ryzhov,	and	Oleg	Pohorilets.	2012.	“НИЖНЬОПАЛЕОЛІТИЧНА	ПАМ’ЯТКА	НА	СХІД	
ВІД	КАРПАТ	(Lower	Palaeolithic	Locality	East	of	the	Carpathians).”	Археологія	4:	6–14.	



Bibliography 

  254  

Stepney,	Susan.	2012.	“A	Pattern	Language	for	Scientific	Simulations.”	In	Proceedings	of	the	2012	Workshop	on	

Complex	Systems	Modelling	and	Simulation,	Orleans,	France,	September	2012,	edited	by	Susan	Stepney,	Paul	S.	

Andrews,	and	Mark	N.	Read,	77–103.	Frome:	Luniver	Press.	

Sterman,	John	D.	2000.	Business	Dynamics.	System	Thinking	and	Modeling	for	a	Complex	World.	Boston:	McGraw-

Hill	Higher	Education.	

Stiner,	Mary.	2002.	“Carnivory,	Coevolution,	and	the	Geographical	Spread	of	the	Genus	Homo.”	Journal	of	

Archaeological	Research	10	(1):	1–63.	doi:10.1023/A:1014588307174.	

Stout,	Dietrich,	Sileshi	Semaw,	Michael	J.	Rogers,	and	Dominique	Cauche.	2010.	“Technological	Variation	in	the	

Earliest	Oldowan	from	Gona,	Afar,	Ethiopia.”	Journal	of	Human	Evolution	58	(6):	474–91.	

Stringer,	Chris.	2012.	“The	Status	of	Homo	Heidelbergensis	(Schoetensack	1908).”	Evolutionary	Anthropology	21	

(3):	101–7.	doi:10.1002/evan.21311.	

Stringer,	Chris,	and	Peter	Andrews.	2005.	The	Complete	World	of	Human	Evolution.	London:	Thames	and	Hudson.	

Stringer,	Christopher	B.,	Erik	Trinkaus,	Mark	B.	Roberts,	Simon	A.	Parfitt,	and	R.	Macphail.	1998.	“The	Middle	

Pleistocene	Human	Tibia	from	Boxgrove.”	Journal	of	Human	Evolution	34:	509–47.	

doi:10.1006/jhev.1998.0215.	

Swisher,	Carl	C.,	G.	H.	Curtis,	T.	Jacob,	A.	G.	Getty,	and	A	Suprijo.	1994.	“Age	of	the	Earliest	Known	Hominids	in	Java,	

Indonesia.”	Science	263:	1118–21.	

Taimagambetov,	Zhaken	Kozhakhmetovich,	Saya	B.	Alipova,	Nazgul	Kazhymuratovna	Baigabatova,	and	Gulzhan	

Bolegenovna	Tleubekova.	2013.	“Studies	of	the	Stone	Industry	at	the	Kyzyltau	Lower	Palaeolithic	Site	Of	

Southern	Kazakhstan	in	Eurasia.”	Middle-East	Journal	of	Scientific	Research	13	(5):	686–92.	

doi:10.5829/idosi.mejsr.2013.13.5.1939.	

Tappen,	Martha,	Daniel	S.	Adler,	Reid	Ferring,	M.	Gabunia,	Abesalom	Vekua,	and	Carl	C.	Swisher	III.	2002.	

“Akhalkalaki:	The	Taphonomy	of	an	Early	Pleistocene	Locality	in	the	Republic	of	Georgia.”	Journal	of	

Archaeological	Science	29	(12):	1367–91.	doi:10.1006/jasc.2001.0797.	

The	AnyLogic	Company.	2014.	“AnyLogic.”	http://www.anylogic.com/.	

The	MathWorks,	Inc.	2014.	“MATLAB	8.0	and	Statistics	Toolbox	8.1.”	Natick,	MA.	

http://uk.mathworks.com/products/matlab/.	

Thieme,	H.	1997.	“Lower	Palaeolithic	Hunting	Spears	from	Germany.”	Nature.	doi:10.1038/385807a0.	

Thomas,	David	Hurst.	1973.	“An	Empirical	Test	for	Steward’s	Model	of	Great	Basin	Settlement	Patterns.”	American	

Antiquity	38	(2):	155–76.	

Timpson,	Adrian,	Sue	Colledge,	Enrico	Crema,	Kevan	Edinborough,	Tim	Kerig,	Katie	Manning,	Mark	G.	Thomas,	and	

Stephen	Shennan.	2014.	“Reconstructing	Regional	Population	Fluctuations	in	the	European	Neolithic	Using	

Radiocarbon	Dates:	A	New	Case-Study	Using	an	Improved	Method.”	Journal	of	Archaeological	Science	52:	

549–57.	doi:10.1016/j.jas.2014.08.011.	



Bibliography 

255 

Tolk,	Andreas,	Ernest	H	Page,	Claudia	Szabo,	Brian	L	Heath,	and	E	Dante	Suarez.	2013.	“Epistemology	of	Modeling	

and	Simulation.”	In	Proceedings	of	the	2013	Winter	Simulation	Conference,	edited	by	R.	Pasupathy,	S.-H.	Kim,	

Andreas	Tolk,	R.	Hill,	and	M.	E.	Kuhl,	1152–66.	New	York:	IEEE.	

Torre,	Ignacio	De	La,	Rafael	Mora,	and	Jorge	Martínez-Moreno.	2008.	“The	Early	Acheulean	in	Peninj	(Lake	Natron,	

Tanzania).”	Journal	of	Anthropological	Archaeology	27	(2):	244–64.	doi:10.1016/j.jaa.2007.12.001.	

Troitzsch,	Klaus	G.	2004.	“Validating	Simulation	Models.”	In	Proceedings	of	the	18th	European	Simulation	

Multiconference,	edited	by	Graham	Horton,	30:117–28.	San	Diego:	Erlagen.	

doi:10.1177/003754977803000404.	

Tuffreau,	Alain.	2012.	“Les	Premières	Industries	Lithiques	Dans	Le	Nord	de	La	France,	Reflet	Des	Premiers	

Peuplements	Dans	Une	Région	de	Haute	Latitude.”	Les	Nouvelles	de	L’archéologie	129:	36–41.	

doi:10.4000/nda.1847.	

Tuffreau,	Alain,	Agnes	Lamotte,	and	Jean-Luc	Marcy.	1997.	“Land-Use	and	Site	Function	in	Acheulean	Complexes	of	

the	Somme	Valley.”	World	Archaeology	29	(2):	225–41.	

Turner,	Alan.	1999.	“Assessing	Earliest	Human	Settlement	of	Eurasia:	Late	Pliocene	Dispersions	from	Africa.”	

Antiquity	73	(February):	563–70.	

Turner,	Alan.	1992.	“Large	Carnivores	and	Earliest	European	Hominids:	Changing	Determinants	of	Resource	

Availability	during	the	Lower	and	Middle	Pleistocene.”	Journal	of	Human	Evolution	22	(2):	109–26.	

doi:http://dx.doi.org/10.1016/0047-2484(92)90033-6.	

Turner,	Elaine.	2000.	Miesenheim	I.	Excavations	at	a	Lower	Palaeolithic	Site	in	the	Central	Rhineland	of	Germany.	

Mainz:	Verlag	des	Römisch-Germanischen	Zentralmuseums	in	Kommission	bei	dr.	Rudolf	Habelt	GMBH.	

Turq,	Alain,	Michel	Brenet,	David	Colonge,	Marc	Jarry,	Laure-Amélie	Lelouvier,	Magen	O’Farrell,	and	Jacques	

Jaubert.	2010.	“The	First	Human	Occupations	in	Southwestern	France:	A	Revised	Summary	Twenty	Years	

after	the	Abbeville/Saint	Riquier	Colloquium.”	Quaternary	International	223–224.	Elsevier	Ltd	and	INQUA:	

383–98.	doi:10.1016/j.quaint.2010.03.012.	

Tyler-Faith,	J.,	and	Anna	K.	Behrensmeyer.	2013.	“Climate	Change	and	Faunal	Turnover:	Testing	the	Mechanics	of	

the	Turnover-Pulse	Hypothesis	with	South	African	Fossil	Data.”	Paleobiology	39	(4):	609–27.	

doi:10.1666/12043.	

Ungar,	Peter	S.,	Frederick	E.	Grine,	and	Mark	F.	Teaford.	2006.	“Diet	in	Early	Homo:	A	Review	of	the	Evidence	and	a	

New	Model	of	Adaptive	Versatility.”	Annual	Review	of	Anthropology	35	(1):	209–28.	

doi:10.1146/annurev.anthro.35.081705.123153.	

Vaesen,	Krist.	2012.	“Cumulative	Cultural	Evolution	and	Demography.”	PloS	One	7	(7):	e40989.	

doi:10.1371/journal.pone.0040989.	

Vallverdú,	Josep,	Palmira	Saladié,	Antonio	Rosas,	Rosa	Huguet,	Isabel	Cáceres,	Marina	Mosquera,	Antonio	Garcia-

Tabernero,	et	al.	2014.	“Age	and	Date	for	Early	Arrival	of	the	Acheulian	in	Europe	(Barranc	de	La	Boella,	La	

Canonja,	Spain).”	PLoS	ONE	9	(7):	9–11.	doi:10.1371/journal.pone.0103634.	



Bibliography 

  256  

Valoch,	Karel.	1999.	“Stránská	Skála,	Un	Site	Cromériene	Près	de	Brno	(Moravie,	République	Tchèque).”	In	Los	
Homínidos	Y	Su	Entorno	En	El	Pleistoceno	Inferior	Y	Medio	de	Eurasie.	Actas	Del	Congreso	Internacional	de	

Paleontología	Humana,	Orce	1995,	edited	by	Josep	Gibert,	Florentina	Sánchez,	Luis	Gibert,	and	Francesc	
Ribot,	451–58.	Orce:	Museo	de	Prehistoria	y	Paleontología	J.	Gilbert.	

Valoch,	Karel.	1986.	“La	Variabilité	Du	Paléolithique	Inférieur	et	Moyen	En	Europe	Centrale.”	In	
Chronostratigraphie	et	Facies	Culturels	Du	Paléolithique	Inférieur	et	Moyen	Dans	l’Europe	Du	Nord-Ouest,	
edited	by	Alain	Tuffreau,	61–73.	Paris:	l’Association	Française	pour	l’Étude	du	Quaternaire.	

Van	Der	Leeuw,	Sander.	2016.	“Uncertainties.”	In	Uncertainty	and	Sensitivity	Analysis	in	Archaeological	
Computational	Modeling,	edited	by	Marieka	Brouwer	Burg,	Hans	Peeters,	and	William	A.	Lovis,	157–69.	
Cham:	Springer	International	Publishing	Switzerland.	

Van	Der	Leeuw,	Sander.	2004.	“Why	Model?”	Cybernetics	and	Systems	35	(2–3):	117–28.	
doi:10.1080/01969720490426803.	

van	der	Made,	Jan.	2011.	“Biogeography	and	Climatic	Change	as	a	Context	to	Human	Dispersal	out	of	Africa	and	
within	Eurasia.”	Quaternary	Science	Reviews	30	(11–12).	Elsevier	Ltd:	1353–67.	
doi:10.1016/j.quascirev.2010.02.028.	

van	der	Made,	Jan,	and	Ana	Mateos.	2010.	“Longstanding	Biogeographic	Patterns	and	the	Dispersal	of	Early	Homo	
out	of	Africa	and	into	Europe.”	Quaternary	International	223–224	(September):	195–200.	
doi:10.1016/j.quaint.2009.11.015.	

Vegvari,	Carolin,	and	Robert	Foley.	2014.	“High	Selection	Pressure	Promotes	Increase	in	Cumulative	Adaptive	
Culture.”	PloS	One	9	(1):	e86406.	doi:10.1371/journal.pone.0086406.	

Vekua,	Abesalom,	and	David	Lordkipanidze.	2010.	“Dmanisi	(Georgia)	–	Site	of	Discovery	of	the	Oldest	Hominid	in	
Eurasia.”	Bulletin	of	the	Georgian	National	Academy	of	Sciences	4	(2):	158–64.	

Vermeersch,	Pierre	M.	2001.	“‘Out	of	Africa’	from	an	Egyptian	Point	of	View.”	Quaternary	International	75:	103–12.	
doi:10.1016/S1040-6182(00)00082-3.	

Vicente	Gabarda,	M.,	R.	Martínez	Valle,	P.M.	Guillem	Calatayud,	P.	Garay	Martí,	E.	Pueyo,	and	J.	Casabó.	2016.	“The	
Lower	Palaeolithic	Site	Alto	de	Las	Picarazas	(Andilla-Chelva,	Valencia).”	Quaternary	International	393	
(January):	83–94.	doi:10.1016/j.quaint.2015.04.049.	

Villa,	Paola.	2001.	“Early	Italy	and	the	Colonization	of	Western	Europe.”	Quaternary	International	75:	113–30.	

Voinchet,	P.,	J.	Despriée,	H.	Tissoux,	C.	Falguères,	J.	J.	Bahain,	R.	Gageonnet,	J.	Dépont,	and	J.	M.	Dolo.	2010.	“ESR	
Chronology	of	Alluvial	Deposits	and	First	Human	Settlements	of	the	Middle	Loire	Basin	(Region	Centre,	
France).”	Quaternary	Geochronology	5	(2–3):	381–84.	doi:10.1016/j.quageo.2009.03.005.	

Vrba,	Elisabeth	S.	1995.	“On	the	Connections	between	Paleoclimate	and	Evolution.”	In	Paleoclimate	and	Evolution,	
with	Emphasis	on	Human	Origins,	edited	by	Elisabeth	S.	Vrba,	George	H.	Denton,	Timothy	C.	Partridge,	and	
Lloyd	H.	Bickele,	24–48.	New	Haven	and	London:	Yale	University	Press.	

Vrba,	Elisabeth	S.	1993.	“Turnover-Pulses,	the	Red	Queen,	and	Related	Topics.”	American	Journal	of	Science.	
doi:10.2475/ajs.293.A.418.	



Bibliography 

257 

Wagner,	Günther	A.,	Matthias	Krbetschek,	Detlev	Degering,	Jean-Jacques	Bahain,	Qingfeng	Shao,	Christophe	

Falguères,	Pierre	Voinchet,	Jean-Michel	Dolo,	Tristan	Garcia,	and	G	Philip	Rightmire.	2010.	“Radiometric	

Dating	of	the	Type-Site	for	Homo	Heidelbergensis	at	Mauer,	Germany.”	Proceedings	of	the	National	Academy	

of	Sciences	of	the	United	States	of	America	107	(46):	19726–30.	doi:10.1073/pnas.1012722107/-

/DCSupplemental.www.pnas.org/cgi/doi/10.1073/pnas.1012722107.	

Wagner,	Günther	A.,	Lutz	Christian	Maul,	Manfred	Löscher,	and	H.	Dieter	Schreiber.	2011.	“Mauer	–	the	Type	Site	

of	Homo	Heidelbergensis:	Palaeoenvironment	and	Age.”	Quaternary	Science	Reviews	30	(11–12):	1464–73.	

doi:10.1016/j.quascirev.2010.01.013.	

Waldherr,	Annie,	and	Nanda	Wijermans.	2013.	“Communicating	Social	Simulation	Models	to	Sceptical	Minds.”	

Journal	of	Artificial	Societies	and	Social	Simulation	16	(4):	13.	http://jasss.soc.surrey.ac.uk/16/4/13.html.	

Walker,	Alan,	and	Pat	Shipman.	1996.	The	Wisdom	of	the	Bones.	In	Search	of	Human	Origins.	New	York:	Knopf.	

Walker,	M.	J.,	M.	López-Martínez,	J.	S.	Carrión-García,	T.	Rodríguez-Estrella,	M.	San-Nicolás	del-Toro,	J.	L.	

Schwenninger,	A.	López-Jiménez,	et	al.	2013.	“Cueva	Negra	Del	Estrecho	Del	Río	Quípar	(Murcia,	Spain):	A	

Late	Early	Pleistocene	Hominin	Site	with	an	‘Acheulo-Levalloiso-Mousteroid’	Palaeolithic	Assemblage.”	

Quaternary	International	294.	Elsevier	Ltd	and	INQUA:	135–59.	doi:10.1016/j.quaint.2012.04.038.	

Wang,	Hongqiang,	Chenglong	Deng,	Rixiang	Zhu,	Qi	Wei,	Yamei	Hou,	and	Eric	Boëda.	2005.	“Magnetostratigraphic	

Dating	of	the	Donggutuo	and	Maliang	Paleolithic	Sites	in	the	Nihewan	Basin,	North	China.”	Quaternary	

Research	64:	1–11.	doi:10.1016/j.yqres.2005.04.001.	

Waters,	Michael	R.,	Steven	L.	Forman,	and	James	M.	Pierson.	1997.	“Diring	Yuriakh:	A	Lower	Paleolithic	Site	in	

Central	Siberia.”	Science	275:	1281–84.	doi:10.1126/science.275.5304.1281.	

Wei,	Guangbiao,	Cunding	He,	Yue	Hu,	Kefu	Yu,	Shaokun	Chen,	and	Libo	Pang.	2015.	“First	Discovery	of	a	Bone	

Handaxe	in	China.”	Quaternary	International	in	press.	Elsevier	Ltd:	1–8.	doi:10.1016/j.quaint.2014.12.022.	

Weiwen,	Huang,	and	Zhang	Pu.	2007.	“Les	plus	Anciennes	Occupations	Humaines	En	Chine.”	L’Anthropologie	111	

(2):	166–81.	doi:10.1016/j.anthro.2007.03.001.	

Wells,	Jonathan	C.	K.,	and	Jay	T.	Stock.	2007.	“The	Biology	of	the	Colonizing	Ape.”	Yearbook	of	Physical	

Anthropology	50:	191–222.	doi:10.1002/ajpa.	

West,	Jolee	A.,	and	Julien	Louys.	2007.	“Differentiating	Bamboo	from	Stone	Tool	Cut	Marks	in	the	

Zooarchaeological	Record,	with	a	Discussion	on	the	Use	of	Bamboo	Knives.”	Journal	of	Archaeological	

Science	34	(4):	512–18.	doi:10.1016/j.jas.2006.06.007.	

Westaway,	Rob.	2011.	“A	Re-Evaluation	of	the	Timing	of	the	Earliest	Reported	Human	Occupation	of	Britain:	The	

Age	of	the	Sediments	at	Happisburgh,	Eastern	England.”	Proceedings	of	the	Geologists’	Association	122	(3).	

The	Geologists’	Association.:	383–96.	doi:10.1016/j.pgeola.2011.03.002.	

Wheatley,	David.	2004.	“Making	Space	for	an	Archaeology	of	Place.”	Internet	Archaeology	15.	

doi:10.11141/ia.15.10.	

White,	Mark	J.	2000.	“The	Clactonian	Question:	On	the	Interpretation	of	Core-and-Flake	Assemblages	in	the	British	

Lower	Paleolithic.”	Journal	of	World	Prehistory	14	(1):	1–63.	



Bibliography 

  258  

White,	Tim	D,	Stanley	H.	Ambrose,	Gen	Suwa,	and	Giday	WoldeGabriel.	2010.	“Paleoenvironment	of	Ardipithecus	
Ramidus.”	Science	328	(1105):	1105–e.	doi:10.1126/science.1185466.	

Widianto,	Harry,	Budianto	Toha,	and	Truman	Simanjuntak.	2001.	“The	Discovery	of	Stone	Implements	in	the	
Grenzbank:	New	Insights	into	the	Chronology	of	the	Sangiran	Flake	Industry.”	Indo-Pacyfic	Prehistory	
Association	Bulletin	21:	157–61.	

Wilensky,	Uri.	1999.	“NetLogo.”	Evanston:	Center	for	Connected	Learning	and	Computer-Based	Modeling,	
Northwestern	University.	http://ccl.northwestern.edu/netlogo/.	

Wilensky,	Uri,	and	William	Rand.	2007.	“Making	Models	Match:	Replicating	an	Agent-Based	Model.”	Journal	of	
Artificial	Societies	and	Social	Simulation	10	(4).	http://jasss.soc.surrey.ac.uk/10/4/2.html.	

Wilson,	Andrew.	2011.	“City	Sizes	and	Urbanization	in	the	Roman	Empire.”	In	Settlement,	Urbanization,	and	
Population,	160–95.	Oxford:	Oxford	University	Press.	doi:10.1093/acprof:oso/9780199602353.003.0007.	

Windrum,	Paul,	Giorgio	Fagiolo,	and	Alessio	Moneta.	2007.	“Empirical	Validation	of	Agent-Based	Models:	
Alternatives	and	Prospects.”	Journal	of	Artificial	Societies	and	Social	Simulation	10	(2).	
http://jasss.soc.surrey.ac.uk/10/2/8.html.	

Wirtz,	Kai	W.,	and	Carsten	Lemmen.	2003.	“A	Global	Dynamic	Model	for	the	Neolithic	Transition.”	Climat	Change	
59:	333–67.	

Wobst,	H.	Martin.	1974.	“Boundary	Conditions	for	Paleolithic	Social	Systems:	A	Simulation	Approach.”	American	
Antiquity	39	(2):	147–78.	

Wolfram,	Stephen.	2002.	A	New	Kind	of	Science.	Champaign:	Wolfram	Media.	

Wren,	Colin	D.,	Julian	Z.	Xue,	Andre	Costopoulos,	and	Ariane	Burke.	2014.	“The	Role	of	Spatial	Foresight	in	Models	
of	Hominin	Dispersal.”	Journal	of	Human	Evolution	69.	CoMSES	Computational	Model	Library:	70–78.	
doi:10.1016/j.jhevol.2014.02.004.	

Wu,	Xinzh,	and	Linghong	Wang.	2016.	“Chronology	in	Chinese	Palaeonthropology.”	In	Paleoanthropology	and	
Paleolithic	Archaeology	in	the	People’s	Republic	of	China,	edited	by	Rukang	Wu	and	John	W.	Olsen,	chapter	2.	
London	and	New	York:	Routledge.	

Wynn,	Thomas.	1995.	“Handaxe	Enigmas.”	World	Archaeology	27	(1):	10–24.	

Xie,	Guang	M.,	and	Érika	Bodin.	2007.	“Les	Industries	Paléolithiques	Du	Bassin	de	Bose	(Chine	Du	Sud).”	
Anthropologie	111:	182–206.	doi:10.1016/j.anthro.2007.03.002.	

Yamei,	Hou,	Richard	Potts,	Yuan	Baoyin,	Guo	Zhengtang,	Alan	L	Deino,	Wang	Wei,	Jennifer	Clark,	Xie	Guangmao,	
and	Huang	Weiwen.	2000.	“Mid-Pleistocene	Acheulean-like	Stone	Technology	of	the	Bose	Basin,	South	
China.”	Science	287	(5458):	1622–26.	doi:10.1126/science.287.5458.1622.	

Yeshurun,	Reuven,	Yossi	Zaidner,	Véra	Eisenmann,	B.	Martínez-Navarro	Bienvenido,	and	Guy	Bar-Oz.	2011.	
“Lower	Paleolithic	Hominin	Ecology	at	the	Fringe	of	the	Desert:	Faunal	Remains	from	Bizat	Ruhama	and	
Nahal	Hesi,	Northern	Negev,	Israel.”	Journal	of	Human	Evolution	60	(4):	492–507.	
doi:10.1016/j.jhevol.2010.01.008.	



Bibliography 

259 

Yi,	Seonbok,	and	G.	A.	Clark.	1983.	“Observations	on	the	Lower	Palaeolithic	of	Northeast	Asia.”	Current	

Anthropology	24	(2):	181–202.	

Yokoyama,	Yuji,	Roland	Bibron,	and	Christophe	Falguères.	1988.	“Datation	Absolue	Des	Planchers	Stalagmitiques	

de	La	Grotte	de	Vallonnet	Á	Roquebrune-Cap-Martin	(Alpes-Maritimes)	France,	Par	La	Résonance	de	Spin	

Électronique	(ESR.”	L’Anthropologie	2	(92):	429–36.	

Young,	David	A.	2002.	“A	New	Space-Time	Computer	Simulation	Method	for	Human	Migration.”	American	

Anthropologist	104	(1):	138–58.	doi:10.1525/aa.2002.104.1.138.	

Zaidner,	Yossi,	Avraham	Ronen,	and	Jan	Michał	Burdukiewicz.	2003.	“L’industrie	Microlithique	Du	Paléolithique	

Inférieur	de	Bizat	Ruhama,	Israël.”	L’Anthropologie	107:	203–22.	doi:10.1016/S0003-5521(03)00010-4.	

Zhang,	Pu,	Weiwen	Huang,	and	Wei	Wang.	2010.	“Acheulean	Handaxes	from	Fengshudao,	Bose	Sites	of	South	

China.”	Quaternary	International	223–224.	Elsevier	Ltd	and	INQUA:	440–43.	

doi:10.1016/j.quaint.2009.07.009.	

Zhu,	Rixiang	X.,	Richard	Potts,	F.	Xie,	Kenneth	A.	Hoffman,	Chenglong	Deng,	C.	D.	Shi,	Yongxin	Pan,	et	al.	2004.	“New	

Evidence	on	the	Earliest	Human	Presence	at	High	Northern	Latitudes	in	Northeast	Asia.”	Nature	431:	559–

62.	

Zhu,	Rixiang,	Zhisheng	An,	Richard	Potts,	and	Kenneth	a.	Hoffman.	2003.	“Magnetostratigraphic	Dating	of	Early	

Humans	in	China.”	Earth-Science	Reviews	61:	341–59.	doi:10.1016/S0012-8252(02)00132-0.	

Zhu,	Zhao-yu,	Robin	Dennell,	Wei-wen	Huang,	Yi	Wu,	Zhi-guo	Rao,	Shi-Fan	Qiu,	Jiu-Bing	Xie,	et	al.	2015.	“New	

Dating	of	the	Homo	Erectus	Cranium	from	Lantian	(Gongwangling),	China.”	Journal	of	Human	Evolution	78:	

144–57.	doi:10.1016/j.jhevol.2014.10.001.	

Zwyns,	Nicolas.	2014.	“Altai:	Paleolithic.”	In	Encyclopedia	of	Global	Archaeology,	148–58.	New	York:	Springer.	

Zwyns,	Nicolas,	S.	Gladyshev,	A.	Tabarev,	and	B.	Gunchinsuren.	2014.	“Mongolia:	Paleolithic.”	In	Encyclopedia	of	

Global	Archaeology,	edited	by	Claire	Smith,	5025–32.	New	York:	Springer	New	York.	

 





 

261 

Appendices 

 

 





 Appendix A: Description of sites 

 

1.1. Africa 

1.1.1.  East Africa 

One of the strongest current academic consensus in Palaeolithic Archaeology is 

the observation that all of the earliest evidence for both tool making and fossils 

belonging to the genus Homo have been found in Africa, and in particular in East 

Africa (Stringer and Andrews 2005, 114-123; Clarke 2014)(Figure 1).  

 

	

Figure 1. The spatial distribution of Lower Palaeolithic archaeological sites in East 

Africa. Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, red 

triangles - flake industries.   
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The oldest traces of tool-like behaviour in the form of cut marks on bones are 

known from the site of Dikika, Ethiopia and date to ca. 3.39Mya (McPherron et al. 

2010). Though it is not possible to determine whether these marks have been left 

by an intentionally modified tool or a naturally occurring sharp edge of a stone. 

The assemblage found at the site of Lomekwi 3 corroborates with the early 

dating of Dikika. Dated to 3.2Mya on the basis of their geological position and 

palaeomagnetism, the Lomekwi lithics significantly predate all previously known 

intentionally modified stones. The investigators argue that the distinctive 

technological qualities of the 149 lithics knapped using bipolar and passive 

hammer techniques warrant a new name for the industry - Lomekwian (Harmand 

et al. 2015). The next oldest known assemblage comes from the site of Kada 

Gona and was found in the same region of Ethiopia as Dikika. However, it is 

almost 700ka younger (Semaw et al. 1997). The lithics have been assigned to the 

Mode 1 technocomplex (Stout et al. 2010). Other early East African sites with 

Mode 1 assemblages include: the Lower Omo 57, 123 in the Member F of the 

Shungura Formation (2.3 Mya), Fejej Fj1A (1.9Mya), Melka Kunture (1.7Mya) and 

Gadeb 2 (1.47Mya) in Ethiopia, sites around West Turkana, e.g., Lokalalei 2C 

(2.34Mya), Koobi Fora FxJj1, 3, 10 (1.65-1.89Mya), and Chesowanja (1.5Mya) in 

Kenya, Olduvai Bed I and Lower Bed II (1.87-1.65Mya) and Peninj (1.6-1.4Mya) 

in Tanzania, Mwimbi in Malawi and Senga 5 in Kongo (2.3Mya) in (Chapon et al. 

2008; Delagnes and Roche 2005; de la Torre 2004; de la Torre and Mora 2005; 

Harris et al. 2013). 

The earliest known Acheulean assemblage comes from the site of Kokiselei 4, 

Kenya. Its chronology of ca. 1.76Mya was established using palaeomagnetism 

and geological correlations with stratigraphic sequences dated with radiometric 

methods (40Ar/39Ar). The lithics include a few very crude handaxes as well as other 

Large Cutting Tools (LCTs, e.g. picks), flakes and cores (Lepre et al. 2011).  

Slightly younger (1.7-1.3Mya) are: Olduvai (1.5Mya), and Gona in East Turkana, 

(1.6Mya) Kenya, Peninj (1.5Mya) in Tanzania, Konso-Gardula (1.75Mya) in 

Ethiopia (Beyene 2013; Gallotti 2013; Harris et al. 2013; Kuman 2014). 

Assemblages of a ‘transitional nature’ (e.g. Chesowanja, Peninj), i.e. largely 

consisting of Mode 1 but with a small proportion of crude bifacially worked tools, 

are commonly classified as ‘developed Oldowan’ or ‘early Acheulean’ (de la Torre 

et al. 2008).  
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1.1.2. South Africa 

In South Africa the two earliest Lower Palaeolithic sites, Sterkfontein and 

Swartkrans were found in the Gauteng Province. Both sites provided long and well 

dated stratigraphic sequences enabling researchers to trace the cultural change 

in lithic production throughout the Lower Pleistocene (Figure 2).  

	

Figure 2. The spatial distribution of Lower Palaeolithic archaeological sites in South 

Africa. Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, red 

triangles - flake industries.   

 

The long sequence in the Sterkfontein complex starts with the lower layers with 

numerous remains of Australopithecus africanus (Members 2 and 4) dated to 3.3-

2.6Mya. These layers are overlaid by the earliest deposits containing artefacts - 

Member 5 and Member 5 west. The level containing Mode 1 is dated to 2.1Mya 

(Granger et al. 2015), and the earliest level with a Mode 2 assemblage to 1.7-

1.4Mya on the basis of ESR dating and faunal correlations (Kuman and Clarke 

2000; Schwarcz et al. 1994). The nearby site of Kromdraai provided a set of 

relatively small assemblages dispersed throughout its deposits: Kromdraai A and 

B. About 100 artefacts recovered from Kromdraai A has been classified as 

developed Oldowan or Early Acheulean (Kuman et al. 1997). Its dating to ca. 

1.8Mya is based predominantly on faunal comparison (McKee et al. 1995). It is 
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still to be demonstrated if the single Oldowan artefact found in Kromdraai B is in 

situ. However, in light of the finds at Sterkfontein, the combination of its date 

(2.0Mya) and the classification of the artefacts as Mode 1 makes the site 

uncontroversial (Braga et al. 2016). 

In Swartkrans, the earliest layers comprise of Member 1 dated to ca. 1.8Ma. This 

chronology has been established using U/Pb, ESR as well as extensive faunal 

comparison (Balter et al. 2008). The faunal analysis is said to be the more reliable 

due to the problems of both radiometric techniques related to the complex 

karstic environment of the cave (Kuman 2014, 9). A large collection of 

Paranthropus robustus and early Homo fossils in Member 1 (Pickering et al. 2012) 

was accompanied by a Mode 1 assemblage. The first instances of Acheulean were 

discovered within Member 2 dated to ca. 1.36 and Member 3 dated to ca. 0.83. 

The artefacts show strong affinities with East African assemblages.  

Another early occurrence of Acheulean in South Africa is represented by 

assemblages collected from the alluvial deposits of the lower Vaal River Basin in 

the Rietpus Formation (Gibbon et al. 2009). It was dated using a new dating 

technique: 26Al/10Be (Shen et al. 2012; Ivy-Ochs and Kober 2008), which calculates 

the radioactive decay of rare nuclides in quartz produced by high-energy cosmic 

radiation when nodules are exposed on the surface. The date of 1.57±0.22Mya is 

comparable with the early Acheulean of East Africa. A later occurrence has been 

recorded at the site of Elandsfontein (Archer and Braun 2010; Klein et al. 2007). 

Although the site is broadly dated to 700-400kya on the basis of faunal 

correlations and paleomagnetism, the Acheulean bearing layers are estimated at 

ca. 600kya (Klein et al. 2007). Finally, the Acheulean assemblage at Maropeng 

has been tentatively dated to >1.0Mya (Pollarolo et al. 2010). 

 

1.1.3. North Africa 

Despite the favourable climatic condition prevailing in the region for most of the 

Early and Middle Pleistocene, the North African record is surprisingly poor. Most 

of the finds related to the Lower Palaeolithic come from unsystematic field 

surveys and lack a secure context or chronology (Aouraghe 2006; Sahnouni 

1998). The notable exceptions are Aïn Hanech, El-Kherba and Tighenif in Algeria 

and the Casablanca sequence in Morocco (Figure 3). 
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Figure 3. The spatial distribution of Lower Palaeolithic archaeological sites in North 

Africa. Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, red 

triangles - flake industries.   

 

The sites of Aïn Hanech and El-Kherba situated a few hundreds metres from 

each other represent the oldest known traces of human presence in North Africa. 

Aïn Hanech has been tentatively dated to 1.7-1.8Mya on the basis of faunal 

analysis and a correlation with the Olduvai subchron. However, this early date has 

been questioned and an alternative age of 1.2-1.0Mya has been suggested 

(Geraads et al. 2004). The sites have produced simple core and flake 

assemblages with no traces of bifacial working (although multiple handaxes have 

been found in the environs of the site (Sahnouni 2006)) and were classified as 

Mode 1 (Sahnouni 1998; Sahnouni et al. 2010). 

The recently reported site of Mansourah has been tentatively dated to the same 

age as Aïn Hanech on the basis of faunal similarities. The recovered lithics are 

also comparable and were classified as Oldowan (Chaid-Saoudi et al. 2006). 

In Algeria, the Acheulean site of Tighenif (formerly Ternifine) has been dated to 

0.7Mya using faunal correlations and paleomagnetic analysis. Its most famous 

discovery were hominin remains recovered in 1954-56 by Camille Arambourg and 

named Atlanthropus mauritanicus. The species attribution has since been 

changed to Homo erectus. The site has also produced a rich assemblage 

classified as Mode 2 as well as some bone implements (Geraads et al. 1986). 

The so-called ‘Casablanca sequence’ in Morocco comprises a series of 

paleontological and archaeological locations stretching over the last 5.5 Ma 

including a number of important Lower Palaeolithic sites: Thomas Quarry I, the 

Hominid Cave and the Rhinoceros Cave (Raynal et al. 2002).  
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Unit L at the site of Thomas Quarry (original: Carrière Thomas I) is the oldest 

level at which traces of hominin presence were preserved. Its age has been 

estimated on the basis of animal remains to 1.0Mya and roughly corroborates 

with OSL dates, although the latter has large error margins (200-400kya). The 

lithic assemblage was identified as Acheulean (Geraads et al. 2004; Raynal et al. 

2002a; 2002b). 

Another Casablanca location is the Hominid Cave named after the discovery of a 

mandible and four teeth attributed to Homo erectus. Chronometric dating (OSL, 

ESR and laser ablation ICP-MS) indicate the age of ca. 360-470kya. The lithic 

assemblage includes a number of handaxes attributable to Mode 2 (Raynal et al. 

2010).  

The Rhinoceros Cave in the Oulad Hamida 1 Quarry (formerly Thomas III) 

produced a rich lithic assemblage (> 3000 artefacts) containing multiple bifacially 

worked tools which placed it firmly within Mode 2 (Raynal et al. 1993; 2002b). Its 

original dating  of 279-476kya based on faunal comparison and ESR dates 

(Rhodes et al. 1994) has more recently been confirmed to be around 500kya 

thanks to the new OSL dating (Rhodes et al. 2006). 

 

1.2. Asia  

1.2.1. The Levant 

Thanks to decades of intensive work the Levant is a well archaeologically 

surveyed area. It is also a key region for the study of dispersals as the majority of 

routes from Africa and into Asia and into Europe cross through the region. 

Finally, it is a natural extension of the African Rift Valley, therefore affording 

good conditions in terms of sites preservation and visibility. As a result, the 

number of Lower Palaeolithic sites in the region is significant (Figure 4). 
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Figure 4. The spatial distribution of Lower Palaeolithic archaeological sites in the 

Levant. Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, red 

triangles - flake industries.   

 

The site of Ubeidiya, Israel is unquestionably the most prolific and well studied 

locality in the Levant. Recently re-dated to 1.5Mya on the basis of a combination 

of paleomagnetism and an extensive faunal correlation (Martínez-Navarro et al. 

2009) it produced a rich set of assemblages attributed to either ‘developed 

Oldowan’ or ‘Early Acheulean’ depending on the frequency of handaxes (Bar-

Yosef 1998). The investigators initially reported a number of living floors, 

however, they have been explained away as a result of natural processes related 

to episodic changes in the ancient lake margins (Mallol 2006). A number of 

human remains, predominantly teeth, classified as Homo erectus were also 

identified (Belmaker et al. 2002). 

Bifacially worked tools, divided by the investigators into ‘archaic’ and ‘Acheulean’ 

groups, have been collected from a number of find spots in the area of Nahal 

Zihor, Israel (Ginat et al. 2003). Although none of them was found in situ, Ginat 

and colleagues (2003) argue that at least some of them were likely to erode from 

the sediments related to the ancient lake system - Lake Zihor, dated to >1.4Mya. 
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If proven correct, this would make the finds the oldest handaxes outside of 

Africa. 

The site of Yiron, Israel yielded a few in situ artefacts and a larger surface 

collection that might have eroded from the same gravel. The K/Ar dating of the 

overlying basalt layer indicates the age of >2.4Mya (Ronen 2006). The lithics 

assemblage is very small and consists of a few flakes and cores, which do not 

allow for a secure technological attribution (Ronen 1991). The second potentially 

oldest site in the region is Erq el-Ahmar, Israel, where a small assemblage of 

worked pebbles and flakes was dated to 1.75-1.95Mya using K/Ar and 

palaeomagnetism (Ron and Levi 2001). However, both the artefactual nature of 

the finds, and the reliability of the dating are controversial (Shipton and Petraglia 

2014). The Evron Quarry, Israel produced two distinctive sets of lithics. The 

excavated assemblage consists of flakes and cores classified as ‘small tools’ 

tradition, whereas the material collected on the surface and in the quarry dumps 

includes handaxes (Ronen 2003). The investigators associated both groups of 

artefacts, arguing that this division may reflect the spatial structuring of the site. 

The excavated assemblage has been dated to ca. 1.0Mya on the basis of faunal 

correlations, palaeomagnetism and chronometric dates obtained by ESR and TL 

(Porat and Ronen 2002; Ron et al. 2003).  

There seems to be a chronological gap in the Levantine record between Ubeidiya 

and the next oldest site of Gesher Benot Yaaqov (GBY), Israel dated on the basis 

of palaeomagnetism to the time period close to the Brunhes/Matuyama boundary 

(Goren-Inbar et al. 2000). The site was waterlogged, which resulted in an 

extraordinary preservation of the organic matter (Goren-Inbar et al. 2002) and 

traces of fire use (Goren-Inbar et al. 2004). The lithic industry is dominated by 

LCTs, in particular cleavers, and classified as Acheulean (Saragusti and Goren-

Inbar 2001).  

Of similar age is the site of Bizat-Ruhama, Israel dated with a combination of 

palaeomagnetism and ESR dates to 0.85-0.99Mya. The lithic assemblage has been 

attributed to the small tools tradition on the basis of such characteristics as the 

uniformly small size or the flakes and cores, heavy retouch and lack of bifacially 

worked tools (Zaidner et al. 2003). However, the only locally available high quality 

raw material consists of small pebbles, which might have restricted knappers’ 

choices and impact the technological characteristics of the assemblage. The 

documentation of the nearby site of Nahal Hesi, Israel has unfortunately been 

lost but the ‘classic’ Acheulean look of the lithic industry as well as the 

composition of the faunal assemblage have led the investigators to attribute it to 
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the Middle Pleistocene (Yeshurun et al. 2011). In contrast to most Lower 

Palaeolithic sites in Levant and beyond, both Bizat-Ruhama and Nahal Hesi were 

located at the fringes of a desert in a semi-arid environment.  

The site of Latamne, Syria excavated by Clark in the 1960s, belongs to the 

younger horizon. Dated to either 0.55-0.6 or 0.7-0.9 on the basis of TL dates and 

faunal correlation respectively it produced a Mode 2 assemblage (Bar-Yosef 1994; 

Dennell 2009, 275; Bar-Yosef and Belmaker 2011). Another rich findspot in Syria 

is the oasis of El Kowm. At the recently excavated site of Aïn al Fil researchers 

identified a large (800 pieces) Mode 1 assemblage below a palaeomagnetic 

reversal interpreted as the Oldown subchron. The dating of ca. 1.8Ma is 

supported with faunal analysis. The site of Hummal produced Mode 1 and Mode 

2 assemblages. The age of the bottom layers containing an Oldowan assemblage 

has been estimated at 1.6-1.2Mya on the basis of geological and faunal analysis 

and K/Ar dates (La Tensorer et al. 2011; 2015).  

A number of surface finds have been reported from the Levant, for example Joub 

Jannine II, Borj Quinnarit, Kefar Menachem, and Khattab, but they lack secure 

chronometric dates (Bar-Yosef 1994). 

1.2.2. Arabia 

Despite the recent surge in archaeological survey activity in the Arabian 

Peninsula, the number of stratified sites and assemblages with secure dating in 

the region is low (Figure 5). 

An even smaller number of sites have been tentatively attributed to the Lower 

Pleistocene, for example the site 201-49 near Shuwayhitiyah in Saudi Arabia. The 

site was dated on the basis of the characteristics of the lithic assemblages which 

was attributed to the ‘developed Oldowan’ due to the low frequency of bifacially 

worked tools (Petraglia 2003). However, since the assemblage comes from a 

deflated site with frequent occurrences of artefacts of clear holocene origins the 

dating remains provisional. Other assemblages previously attributed to the Lower 

Pleistocene have recently been re-evaluated and turned out to consist of geofacts 

(Groucutt and Petraglia 2012). There are more instances of sites with Acheulean 

assemblages in Arabia. Two sites excavated in the area of Dawādmi in Saudi 

Arabia (previously referred to as Saffaquah) produced rich Acheulean 

assemblages related to 8 well-defined functional areas where different activities 

took place (Bar-Yosef 1994). The sites are dated with U/Th to >200kya. Of similar 

age (ca. 200kya with U/Th dating) is a concentration of surface finds at Wadi 
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Fatimah, on the western coast of Saudi Arabia. The assemblage is also attributed to 

the Acheulean (Groucutt and Petraglia 2012).  

 

	

Figure 5. The spatial distribution of Lower Palaeolithic archaeological sites in Arabia. 

Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, red triangles - 

flake industries.   

 

1.2.3. Anatolia 

Although Anatolia holds a rich record of surface finds attributed to the Lower 

Palaeolithic, the number of assemblages recovered from secure contexts is low 

(Kuhn 2002). The earliest trace of hominin presence is a single flake recovered 

from an alluvial terrace of the Gediz River in western Turkey and dated to 1.24-

1.17Mya (Maddy et al. 2015). The only stratified sites currently known are Dursunlu, the 

Yarımburgaz Cave, the Karain Cave and Kaletepe Deresi (Figure 6). 

The artefact bearing sediments from the site of Dursunlu in Turkey have been 

exposed during lignite mining activities and therefore could not be excavated 
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following a standard archaeological methodology. Instead, large blocks of lignite 

hoisted up from a depth of about 10m were examined on the surface after the 

mining operations ceased. The advantage of the unusual location is a remarkable 

preservation of animal remains which together with a paleomagnetic analysis 

suggest the tentative dating of 0.77-0.99Mya (Güleç et al. 2009). The small 

sample (135 specimens) of lithics recovered from the site contains no traces of 

bifacial working and was therefore assigned to Mode 1.  

 

	

Figure 6. The spatial distribution of Lower Palaeolithic archaeological sites in Anatolia. 

Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, red triangles - 

flake industries.   

 

The Yarımburgaz Cave in Turkey yielded a rich lithic assemblage, although its 

dating is problematic. ESR analysis on suboptimal samples of bear teeth indicated 

a wide spread of dates ranging from OIS6 to OIS9, limiting the age determination 

to the latter half of the Middle Pleistocene (Kuhn 2002). The characteristics of the 

lithic assemblage, such as a high proportion of heavily retouched flakes, 

predominantly denticulates and notches as well as a general small size of the 

lithics, place it in the small tool tradition more commonly associated with Central 

and Eastern European sites (Kuhn and Stiner 2010), although the composition of 
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the assemblage is said to be heavily influenced by the quality of locally available 

raw material (Kuhn 2002). 

The Karain Cave in Turkey provided a long sequence of occupation horizons 

among which the levels A-E contain Lower Palaeolithic remains. Although the 

higher units have been dated with a series of ESR dates, the age of the bottom 

five layers is only estimated, based on their stratigraphical position, to >350kya 

for level A and 350-300kya for levels B-E (Çetin et al. 1994). The lithic assemblage 

from level A is said to strongly resemble the finds from Yarımburgaz which led 

the investigators to attribute it to the ‘clactonian’. Levels B-E contained a set of 

much more exquisitely crafted stone tools, in particular scrapers, much akin to 

the High Lodge assemblage. It has been associated with the ‘charentian’ 

tradition. No traces of bifacial working have been found despite the availability of 

good size raw material (Kuhn 2002; Otte et al. 1998).  

The most recently excavated site of Kaletepe Deresi 3 in Turkey produced the 

first well dated in situ open air site with lithic assemblages attributable to the 

Lower Palaeolithic in the Anatolian Peninsula. The fission-track and K/Ar dates 

corroborate at around 1Mya providing a terminus post quem for the Lower 

Palaeolithic assemblages (Slimak et al. 2008). The lithics in units IV-XII show clear 

Acheulean affinities with numerous thinning flakes and bifacial preforms (Slimak 

et al. 2004; 2008). 

Finally, a recent discovery of a Homo erectus cranium at Kocabaş, Turkey (Alçiçek 

2014; Kappelman et al. 2008) dated to 1.3-1.1Mya (Lebatard et al. 2014) has 

provided evidence for hominin presence on the Anatolian Peninsula at the time 

more consistent with the early dates of Dmanisi and Ubeidiya. An interesting 

observation is that although only one stratified site (Kalepe Deresi 3) yielded an 

Acheulean assemblage, surface finds of handaxes are common throughout the 

Anatolian peninsula (Kuhn 2002). 

1.2.4. Modern day Iran and Iraq  

There are no known stratified Lower Palaeolithic sites in the modern day Iran 

(Biglari et al. 2000; Biglari and Shidrang 2006; Biglari pers. comm. 2014). A 

number of surface finds have been collected in the past, mostly consisting of less 

than 100 pieces and with no associated faunal remains or other means of dating 

them (Figure 5).  

Some of the assemblages seem to be either Middle Palaeolithic or at least mixed 

and the chronology of the ones most convincingly attributed to Mode 2, for 



Appendix A 

275 

example from the sites of Ganj Par and Kashafrud, cannot be verified (Biglari 

and Shidrang 2006; Dennell 2009, 116-8; overview: Davoudi et al. 2015).   

The two most probable Lower Palaeolithic localities in Iraq are the sites of Barda 

Balka (Bar-Yosef 1994), excavated in the 1950s, and recently surveyed Mar 

Gwergalan Cave (Davoudi et al. 2015). However, in both cases the age of the 

sediments has been questioned and the attribution to the Middle Palaeolithic 

seems more likely.  

1.2.5. Caucasus 

The Lower Palaeolithic record of the Caucasus, a region often called ‘the Gates of 

Europe’ (e.g. Dean and Delson 1995; Lordkipanidze 1999), is dominated by the 

spectacular discoveries at the site of Dmanisi, although other localities, such as 

the Trieugol’naya cave bear witness of a continuous hominin presence during the 

Lower and Early Middle Pleistocene (Figure 7). 

Discovered in 1983 during the excavation of a medieval complex (Vekua and 

Lordkipanidze 2010), the site of Dmanisi in Georgia furnished a rich collection of 

hominin remains classified as early Homo erectus and a newly defined species 

Homo georgicus (Gabunia et al. 2000; Gabunia et al. 2002). Among them, a 

toothless specimen (Lordkipanidze et al. 2005) is often cited as the earliest 

evidence for altruistic behaviour among early hominins (e.g. Spikins et al. 2010). 

The site has been securely dated using a range of chronometric techniques to 

1.85-1.77Mya (de Lumley et al. 2002; Ferring et al. 2011). The lithic assemblage 

has been classified as Mode I or Oldowan sensu lato although the investigators 

compare it to the earliest stone tools in Africa (termed the ‘Pre-Oldowayen 

horizon’) characterised by the dominance of choppers and chopping tools and 

the lack of standardised retouched flakes (de Lumley et al. 2005). 
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Figure 7. The spatial distribution of Lower Palaeolithic archaeological sites in the 

Caucasus. Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, red 

triangles - flake industries.   

 

There is a vast chronological gap between Dmanisi and the second securely dated 

Lower Palaeolithic site in the Caucasus - the Trieugol’naya Cave in Georgia 

(Doronichev 2000). The age of the site was determined using paleomagnetism, 

ESR dating and faunal studies (Blackwell et al. 2005). The bottom layer (7a) was 

dated to ca. 500kya while the units 5a-c and 4a-d were attributed more widely to 

OIS13 (430/455-360/365kya). The assemblages from the two lowest artefact 

bearing units (7a and 5a-c) are small (18 and 27 pieces) and non-distinctive. The 

higher level 4d is larger and contains flakes and cores sharing many similarities 

with the small tool tradition commonly associated with Central and Eastern 

European assemblages. No traces of bifacial working have been found at any level 

(Doronichev 2000).  

The site of Akhalkalaki (also known as Amiranis Gora) has furnished 20 andesite 

artefacts attributed to Acheulean. Although the dating of the site to 980-780kya 

based on palaeomagnetism and faunal correlations, the artefacts recovered 

during excavation have been found exclusively in disturbed contexts caused by 

animal burrowing. Since they resemble surface material recovered in the vicinity 

of the site it is likely they have been redeposited and their association with the 

dated sediments is contentious (Tappen et al 2002). Equally controversial are 
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finds from the Kudaro Cave, Georgia. Doronichev (2008) and Ljubin and Bosinski 

(1995) mention 11 flakes from Stratum 8a dated to 560kya with TL. However, no 

details are published beyond its assignment to Acheulean. Other lithic bearing 

levels in the Kudaro complex are much younger in age. Finally, although over 200 

lithics have been reported from the levels VII-X at the Azykh Cave, Azerbaijan 

their artefactual nature has been heavily disputed (Ljubin and Bosinski 1995). The 

palaeomagnetic analysis placed them around the Matuyama/Brunhes reversal 

780kya. Doronichev (2008) argues that five of them are real stone tools but he 

questions the integrity of the context they were found in. The rich Acheulean 

assemblages from upper levels of the cave belong to the second part of Middle 

Pleistocene.  

A very small assemblage has been reported from the Weasel Cave (Mishtulagti 

Lagat) in Northern Osetia. Although relatively securely dated with 40Ar/39Ar 

to >500kya the very small number of lithics restricts any typological attributions 

(Doronichev 2008; Hidjrati et al. 2003). Some preliminary results of excavations 

at the sites of Darvagchai I, Rubas I and Aynikab in Dagestan indicate human 

presence in the region around 800–600kya during the Baku transgression of the 

Caspian Sea. Both assemblages have been classified to the Central European 

small tool industry (Derevianko et al. 2006), although their artefactual nature and 

the homogeneity of the assemblages has been questioned (Doronichev and 

Golovanova 2010; Doronichev 2008). Finally, a number of surface finds of 

Acheulean provenance has been reported throughout the region (overview: Ljubin 

and Bosinski 1995). However, their dating remains problematic.  

1.2.6. South Asia 

The number of sites in South Asia comparable in age to the Caucasian, South-East 

Asian or Chinese record is small. This is particularly surprising given that 

environmentally the region was supposed to belong in the Pleistocene to a wide 

belt of hominin-friendly conditions - Savannahstan (Dennell and Roebroeks 2005). 

Equally, the undisputable evidence of human presence at least 1.4Mya from both 

China and Southeast Asia indicates that sites of equal age would be expected in 

South Asia. In addition, Petraglia (2010, 169-170) highlights that in this case the 

history and intensity of research does not explain the scarcity of sites as a 

significant number of archaeological surveys have been conducted in India and all 

of them failed to locate any convincing early sites with Mode 1 assemblages. 

Equally, the Deccan Plateau does not have geological features (cf., the thick loess 
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mantle covering the Chinese Plateau) that would suggest strong taphonomic 

factors obscuring the visibility of sites in archaeological surveys (Figure 8). 

	

Figure 8. The spatial distribution of Lower Palaeolithic archaeological sites in South 

Asia. Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, red 

triangles - flake industries.   

 

There are two instances of potential early sites in the region: Riwat and Pabbi 

Hills, Pakistan. The lithic assemblage at the site of Riwat consists of a quartzite 

core and a few flakes picked up from an eroding layer dated to >1.9Mya on the 

basis of its geological position. A richer sample of 607 artefacts in total was 

collected from the three Upper Siwalik stratas of the Pabbi Hills dated to 0.9-

1.2Mya, 1.2-1.4Mya and 1.7-2.2Mya. However, none of these finds come from a 

secure stratigraphic context (Chauhan 2009; Dennell 2009). Both sites are 

currently situated in the foothills of the Himalaya, although as Dambricourt 

Malassé (2008) points out 2.0Mya these areas would not exceed 500m in altitude. 

The earliest instance of Acheulean in the region are the findspots of Dina and 

Jalalpur in Pakistan tentatively dated to >0.78 on the basis of their geological 

position (Petraglia 2011). However, the assemblages are very small (1 handaxe in 

Dina and 14 artefacts including 2 handaxes in Jalalpur) and their not in situ 

position hampers more reliable chronological assessment precluding further 

interpretation (Dennell 2009; Petraglia 2010). 
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For decades, the hallmarks of the early occupation of the Deccan were the ‘soan’ 

industries. Compared to Mode 1 or developed Oldowan due to rare bifacially 

worked tools and the distinctive lack of ‘classic’ handaxe assemblages attributed 

to the soan culture were considered to be a chronological marker of the Early 

Pleistocene. Recently, however, the soan series were re-analysed and 

reinterpreted as belonging to the late part of the Middle Pleistocene (Chauhan 

2008; Dambricourt Malassé 2008; Petraglia 2010). 

The majority of Mode 2 sites in the region group around the 0.7Mya mark in 

Pakistan and >350-200kya in India (Petraglia 2010) with an exception of the sites 

of Isampur, Bori and, recently reported, Attirampakkam, India. The latter was 

dated to 1.57Mya by means of 26Al/10Be and palaeomagnetism. The large 

assemblage of Attirampakkam contains numerous handaxes and a few cleavers 

unequivocally placing it in Mode 2 (Pappu et al. 2011). In the Isampur Quarry in 

India the Mode 2 assemblage knapped on limestone slabs has been dated to 

1.2Mya based on the ESR dates on two mammalian teeth (Paddayya et al. 2002). 

This date has recently been questioned and an alternative interpretation of the 

ESR dates based on the early uptake rather than linear uptake model was 

suggested revising the date to 0.73Mya (Petraglia 2011). The site of Bori, India 

has also produced a Mode 2 assemblage (Gaillard 2006). Its chronology, however, 

remains uncertain. The initial estimate of 1.38Mya based on K/Ar dating has been 

shown to be erroneous. The site was subsequently dated to 670±30kya with 

Ar39/Ar40, to 538kya with K/Ar, and to 640kya with fission track (Gaillard 2006; 

Petraglia 2011). Finally, a Mode 2 site - Singi Talav, India is tentatively dated 

to >0.8Mya on the basis of geological correlation with another stratigraphic 

sequence located nearby (Gaillard 2006). Again, the reliability of this date has 

been heavily criticised (Petraglia 2011). 

A number of other localities where Mode 2 implements were found include the 

Bhimbetka and Adamgarh shelters. The sites from the Raisen District, Kaladgi and 

Kortallar Basins and Hunsgi, Baichbal and Gunjana Valleys have no age 

attributions while others, such as Morgaon and Chirki Nevasa, are tentatively 

dated to <0.78Mya (Chauhan 2009; Sangode et al. 2007) based on 

palaeomagnetism. However, they are highly controversial due to the unclear 

association between the lithic bearing layers and the sampled stratigraphic 

columns that produced the dates (Petraglia 2011). In general the South Asian 

sites are rich in handaxes and cleavers, especially found in surface clusters but 

their dating seems to be relatively young, ca. 200-150kya  (Chauhan 2009; 

Petraglia 2006). This in conjunction with a virtual absence of Early Middle 
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Pleistocene assemblages in some key areas connecting the Near East with the Far 

East (e.g. Hazarika 2012) have led some researchers to consider the possibility of 

an occupational hiatus in India or at least a very low population density in the 

region during the early stages of the Middle Palaeolithic (e.g. Petragilia 2010). 

1.2.7. Central Asia 

Despite serving as a dispersal corridor to China and having the optimal for early 

Hominins environmental conditions similar to these of East Africa, Central Asia 

furnished only a handful of sites (see Glantz 2010) (Figure 9). 

	

Figure 9. The spatial distribution of Lower Palaeolithic archaeological sites in Central 

Asia. Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, red 

triangles - flake industries.   

 

The site of Kul’dara, Tadjikistan has been found within a loess sequence and 

thanks to the Matuyama-Brunhes reversal event identified in a layer above can be 

dated to close to 0.78Mya for the lower units and 0.57-0.62Mya for the main 

artefact bearing layer. Unfortunately, the lithic assemblage consists of only 40 

pieces. Although the investigator used the SLA methodology to describe the 
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lithics, therefore avoiding taxonomic classifications (Ranov et al. 1995), the lack 

of bifacially worked tools places the site in Mode 1.  

The nearby sites of Karatau and Lakhuti in Tajikistan have been found in a long 

loess and paleosols stratigraphical sequence which enabled the researchers to 

push back the initial TL dating of ca. 130-200kya to a much older date of 500-

600kya (Davis and Ranov 1999). The lithics assemblages were classified as 

‘pebble-tool industry’ or Mode 1. Some of the flakes were knapped using the 

quartier d’orange technique known predominantly from the site of Isernia in Italy. 

The assemblage from Lakhuti contains flakes resembling proto-Levallois and 

Levallois debitage (Ranov and Davis 1979). 

The age of the recently reported sites of Koshkurgan 1–2 and Shoktas 1–3, 

Southern Kazakhstan, has been estimated to 250-500kya for the former and 420-

500kya for the latter with a series of ESR dates and faunal correlations. The lithic 

assemblages of the two sites are very similar and fall into the flake industries 

class. However, Koshkurgan’s assemblage include some Levallois elements while 

the Shoktas lithics are dominated by heavily retouched flakes 2-7mm in size 

which led the investigator to attribute them the the small tools tradition 

(Derevianko 2006; Derevianko and  Shunkov 2014, 5485). 

Vast collections (numbers such as 600 000 artefacts have been claimed) of 

surface finds have recently been reported from Kyzyltau also in Southern 

Kazakhstan. However, as they were not found in situ their attribution to the 

Lower Pleistocene is based only on technological characteristics of the lithics. The 

preliminary description makes no mention of bifacial working suggesting the 

finds belong to Mode 1 or the small tool tradition (Taimagambetov et al. 2013). 

Further analysis is needed to verify whether the finds do not represent naturally 

occurring stones.  

A number of surface finds containing handaxes have been identified in 

Kazakhstan and Turkmenistan. However. as they are not in situ their chronology 

is uncertain leading researchers to consider them as Middle Palaeolithic localities 

(Dambricourt Malassé 2008; Davis and Ranov 1999; Glantz 2010).  

In Afghanistan a surface collection collected on the shores of the Dasht-i-Nawar 

lake comprising quartzite scrapers and pebble tools has been reported as a 

potential Lower Palaeolithic site (Davis 1978). The site is located in a high energy 

environment likely to produce geofacts and there are no means of dating the 

finds. This vast region is one of the last large ‘unexplored’ areas with a high 

potential for Palaeolithic sites related to the earliest hominin dispersals (Glantz 
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2010), however, the high risk of landmines hinder the feasibility of an 

archaeological survey.  

1.2.8. East Asia 

East Asia has a rich record of Palaeolithic localities. For many years, the majority 

of them were highly controversial as their dating was primarily based on 

geological correlations. Nowadays, with well developed loess-palaeosol sequence 

and extensive program of radiometric dating the East Asian record is better 

established (Figure 10). 

	

Figure 10. The spatial distribution of Lower Palaeolithic archaeological sites in East 

Asia. Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, red 

triangles - flake industries.   

 

Currently the oldest known trace of hominin presence in China is the Homo 

erectus cranium found at the site of Gongwangling, Lantian Province, North 

China. Originally dated to 1.1Mya, it has been recently proposed that the actual 

date of the fossil is >1.62Mya (Zhu et al. 2015). About 200 lithics attributed to 

Mode 1 have been reported from 27 localities in the province, 20 of which can be 

directly associated with the skull (Leng 1998). A more controversial claim has 

been made for the site of Renzidong dated to 2.4Mya on the basis of its 
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geological position alone (Shelach-Lavi 2015, 22). A small assemblage recovered 

during excavation has been attributed to Mode 1 (Hou and Zhao 2010). Similarly 

contentious is the site of Longgudong, Hubei province. Here a much larger 

possible Mode 1 assemblage has been tentatively dated to 1.0Mya using 

palaeomagnetism combined with faunal analysis (Hou and Zhao 2010).  

The most prolific area for early sites in the region is the Nihewan Basin in North 

China. It contains a continuous record stretching to 2.0Mya of loess layers and 

sandwiched between palaeosols. The oldest lithic assemblage has been 

uncovered at the site of Shangshazui.  24 finds in total were recovered from a 

layer dated to 1.7-1.6Mya on the basis of paleomagnetism and associated fauna 

(Ao et al. 2013). The site of Majuangou is of similar age to Gongwangling. The 

lithics coming from four distinctive layers dated to between 1.66 - 1.32Mya were 

attributed to Mode 1 (Zhu et al. 2004). In the environs a number of early finds 

have been brought to light among which the site of Donggutuo has been studied 

most intensively. Dated to 1.1Mya on the basis of palaeomagnetism (Wang et al. 

2005) the lithic assemblage consists of flakes and cores and has been attributed 

to Mode 1. Although given the size of the lithics it was also considered as a 

‘small tools’ industry, these characteristics are most likely a reflection of the poor 

quality of the available raw material (Dennell 2009, 168; Keates 2003; Shen and 

Chen 2003). The site of Xiaochangliang produced another large (3113 pieces 

plus 812 from the most recent excavations) assemblage, although it is only since 

the 1998 that it has been recorded following the standard archaeological 

methodology of recording finds in three dimensions. The lithic assemblage 

consists of cores and flakes and has been classified as Mode 1. As in the case of 

Donggutuo, the small size of the lithics probably reflects the character of the 

local raw material (Keates 2003; Shen and Chen 2003). The chronology of the site 

has been estimated to 1.36Mya on the basis of its geological location and a 

palaeomagnetic analysis. However, due to the discontinuous nature of the strata 

in the area it remains controversial (Dennell 2009, 170). The age of the recently 

reported site of Goudi (previously known as Majuangou III) in the Nihaven Basin is 

tentatively estimated to between 1.36-1.66Mye on the basis of its geological 

position. However, this chronology depends on the dating of the nearby sites, in 

particular Xiaochangliang (Gao et al. 2005), therefore remaining provisional. 

Another small assemblage (33 pieces) has been excavated at the nearby site of 

Xiantai and dated to 1.36Mya using the geological correlations with stratigraphic 

sequences in the area (Deng et al. 2006). Finally, another Nihaven locality, the 

Maliang site, was dated using palaeomagnetism to ca. 0.78Mya (Wang et al. 

2005). The relatively small (200 pieces) assemblage belongs to Mode 1.   
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A small (32 pieces) assemblage has been found at the site of Xihoudu in North 

China. The layer in which the artefacts were found is dated to 1.27Mya on the 

basis of palaeomagnetism. However, the finds have been questioned and may 

represent geofacts (Dennell 2009, 177; Zhu et al. 2003). Finally, the famous site 

of Zhoukoudian (Locality 1) has been recently redated to 0.68-0.78Mya using 

the cosmogenic 26Al/10Be method (Shen et al. 2009). The abundant lithic 

assemblage is composed predominantly of small flakes and has been variously 

attributed to Mode 1 or small tools industries (Burdukiewicz 2003; Shen et al. 

2016).  

In South China the finds from the Longgupo Cave have been a source of much 

academic debate (Weiwen and Pu 2007). A layer dated to 1.78-1.96Mya using ESR 

and faunal analysis was said to contain remains of Homo erectus with an 

associated small lithic assemblage. However, both the fossils and the lithics have 

been contested: the hominin remains are likely to belong to a large ape whereas 

the lithics are now considered geofacts (Bar-Yosef and Belfer-Cohen 2001). 

Dennell (2009, 180) who re-evaluated the assemblage suggested that one of the 

finds, a hammerstone, may be intentionally worked (used) which raises the 

possibility that Longgupo has furnished the first excavated evidence of tool-using 

among non-hominin primates. Another South locality is Youanmou, Yunnan 

Province. The site has furnished a small assemblage (22 pieces) and human 

incisors dated to either 1.7Mya or 0.6Mya depending on the interpretation of the 

geological sequence (Hou and Zhao 2010; Wu and Wang 2016). Equally, the 

association between the hominin fossils and the artefacts are controversial 

(Shelach-Lavi 2015, 26). 

A number of East Asian sites produced mode 2 assemblages. Among them the 

most widely cited is the Bose Basin, South China dated to 0.8Mya using 40Ar/39Ar. 

The assemblage consisting of 991 lithics is dominated by unifacial and bifacial 

LCTs exhibiting all of the technological features attributed to the Acheulean 

(Yamei et al. 2000; Xie and Bodin 2007). A recently reported locality of 

Sanmenxia Basin, has an even earlier date of 0.9Mya obtained from a combined 

palaeomagnetic and geological correlation with the Chinese loess-paleosol 

sequence (Li et al. 2017). The assemblage was excavated in the 1960s and has 

only recently been reevaluated. Out of 94 pieces excavated and collected from 

the surface three are considered bifacially worked (one handaxe and two 

cleavers). Similarly, the assemblage from Luonan Basin in China includes LCTs, 

especially a significant number of cleavers. However, the lithics were collected 
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from the surface and their dating to the Middle Pleistocene derived from their 

geological position remains provisional (Petraglia and Shipton 2008; Gao 2013).  

The recently reported surface finds attributed to Mode 2 in Danjiangkou 

Reservoir Region in central China have been dated to 0.5-0.6Mya using the ESR 

(Kuman et al. 2014; Li et al. 2014a). An excavated in situ assemblage from the 

site of Shuangshu in the Danjiangkou Reservoir belongs to the same terrace and 

is characterised by the presence of 13 LCT including 10 handaxes, leading to its 

attribution to Mode 2 (Li et al. 2014a; 2014b).  

A number of sites containing both Mode 1 and Mode 2 industries are known from 

China, (e.g., Miaohoushan, Dingcun, Jinniushan, Dali, Zhoukoudian 15, Xujiayao, 

Lingjing, Jigongshan, Sanxia, Dadong, Guanyindong) but their chronology is 

much younger - 400-150kya (Gao 2013).  

There are no securely dated Lower Palaeolithic sites known from Mongolia. A 

number of surface scatters have been identified as possibly Lower Palaeolithic 

according to their technological characteristics, e.g. Torgalyk A and Nariin Gol 17 

(Derevianko and Shunkov 2014; Zwyns et al. 2014). The only stratified site with a 

possibly Lower Pleistocene assemblage is the Tsagaan-Agui Cave, tentatively 

dated to ca. 0.52Ma with RTL (Derevianko et al. 2000). However, the method is 

likely to severely overestimate the age of the deposit due to the residual signal 

carry-over bias. The assemblage is crude in appearance and although it is said to 

include bifacially worked tools, their description and illustrations indicate that 

they are not typologically comparable to Acheulean handaxes. The presence of 

some form of bifacially worked tools but not ‘classic’ handaxes places the 

assemblage in the ill-defined category of developed Oldowan. However, that 

attribution would only stand if the RTL time determination is correct (Derevianko 

et al. 2000).  

The Pleistocene assemblages containing infrequent handaxes from the 

Imjin/Hantan River Basin (IHRB) on the Korean Peninsula (Norton et al. 2006) 

date to 350-300kya and have also been classified typologically as a variant of 

Mode 1 or developed Oldowan. The oldest known traces of human occupation in 

the Japanese Archipelago are much younger: the site of Kanedori - layer 4, dated 

to 80kya by identification of an overlying tephra layer (Shen and Gao 2014, 

2306). Some scholars argue, however, that the first dispersal into the islands 

should be correlated with MIS6 when a land bridge connecting them to mainland 

Asia was present for the last time (Matsufuji 2011). 
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1.2.9. Southeast Asia 

A rich set of hominin fossils collected in Java in the 1930s constituted for a long 

time the only evidence for the presence of hominins in Southeast Asia during the 

Lower Palaeolithic. However, their early discovery and retrieval using now 

outdated methods means that their stratigraphic position had to be painstakingly 

reconstructed to evaluate their age. Equally, no lithic material associated with the 

finds has been recognised (Figure 11). 

The early age Modjokerto skull initially dated it to 1.8Mya (Swisher et al. 1994) 

sparkled a lot of controversy. However, a recent evaluation indicates that the date 

of ca. 1.45 is a more likely estimate (Huffman et al. 2006; Morwood et al. 2003). 

Similarly the very early date of 1.83Mya for a handaxe from Bukit Bunuth, 

Malaysia was not confirmed (Sémmah et al. 2014, 3910). The other finds, such as 

the Homo erectus remains from the Trinil H.K. layer and the Sangiran fossils are 

dated to between 1.5-1.0Mya (Dennell 2009, 155-6).  

Some surface collected lithics and one in situ assemblage from the site of Dayu 

have been reported from the environs of Sangiran. However, their dating of ca. 

0.73-0.9Mya is based on the stratigraphical provenance alone (Simanjuntak et al. 

2010; Widianto et al. 2001). Other javanese evidence are limited to shell cut 

marks at the site of Bukuran reported by Choi and Driwantoro (2007) and dated 

to 1.5-1.6Mya. 
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Figure 11. The spatial distribution of Lower Palaeolithic archaeological sites in 

Southeast Asia. Green pentagons - Mode 1 sites, red diamonds - Mode 2 

sites, red triangles - flake industries.   

 

In general, although the surface finds of potentially Lower Palaeolithic artefacts in 

Southeast Asia are numerous, the number of stratified localities is very low. In 

Myanmar and Laos a number of undated assemblages and possible hominin 

fossils have been reported with a broad dating of Middle Pleistocene (Schepartz 

et al. 2000). In Thailand a small assemblage (three pieces) discovered at the site 

of Mae Tha has been dated with palaeomagnetism and potassium-argon to 0.8-

0.6Mya (Schepartz et al. 2000). However, the association of the finds with the 

dated sediments is uncertain (Marwick 2008). Similarly small assemblage from 

Kao Pah Nam was attributed to Middle Pleistocene thanks to the associated 

faunal evidence (Marwick 2008). Hominin remains in form of teeth and cranial 

fragments of potentially considerable age, that is ca. 500kya, have been 

identified at a number of sites in the region: Had Pu Dai, Thailand, Tham Kuyen 

and Lang Trang, Vietnam (Marwick 2008; Schepartz et al. 2000). Recent 

discoveries on the Island of Flores, Indonesia brought to light the first well dated 

and in situ lithic assemblage in Southeast Asia. At the site of Mata Menge over 

500 lithics were excavated from a deposit dated to 0.8-0.88Mya using the fission-

track method (Brumm et al. 2006; Morwood et al. 1998). The lithic assemblage 

consists of cores and flakes and can be classified as Mode 1 (Brumm et al. 2010). 

So far there have been no convincing Mode 2 assemblages found in the region as 

the earlier claims over the dating of a handaxe from Ngebung proved 

unsubstantiated (Choi and Driwantoro 2007; Forestier et al. 2014). 

1.2.10. North and Northeast Asia 

This area has always been considered too inhospitable for early hominin 

occupation. Equally, large swaths of land would have been covered by the 

continental ice sheets during glacial periods, destroying any potential 

archaeological localities. As a result, there are not many sites in the region and 

the ones reported often lack secure chronologies and/or are composed of small 

and controversial assemblages (Figure 12). 

This makes the site of Karama, Russia in the Altai Mountains the oldest trace of 

human occupation of the region (Zwyns 2014). It was dated to 0.6-0.8Mya with 

two RTL dates on the sediments in a higher level and supported by faunal 
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analysis. The lithic assemblage attributed to Mode 1 consists of pebble tools, 

flakes and cores, but with a significant proportion of carinated scrapers 

interpreted as a sign of a more ‘progressive’ technology in the upper most levels 

(Derevianko and Shunkov 2009; 2014). Another site located in the Altai 

Mountains is Ulalinka, Russia. The artefact-bearing horizon was assessed as early 

Middle Pleistocene or 0.4-0.6Mya in age on the basis of geological correlations 

with the known stratigraphical sequences in the area (Derevianko and Shunkov 

2014, 5477). The lithics are made on quartzite and include pebble tools and 

scrapers. However, the use of a raw material notoriously difficult to interpret, 

frequent use of ‘-like’ conditionals in the description of the artefacts (‘e.g. core-

like’, scraper-like’, etc.) as well as the lack of flakes and flake tools makes the 

artefactual character of the assemblage questionable. 

	

Figure 12. The spatial distribution of Lower Palaeolithic archaeological sites in North 

Asia. Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, red 

triangles - flake industries.   

 

Until recently there was no evidence of human presence in Siberia prior to the 

onset of the Late Pleistocene (Yi and Clark 1983). More recently, a steady trickle 

of reports on newly discovered sites has challenged this view. Nevertheless, 

Siberian assemblages are still rare and predominantly poorly dated (for full 

environmental and archaeological overview: Chlachula 2014 and Derevianko and 
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Shunkov 2014). In addition, many of the earlier reported sites (Yi and Clark 1983) 

are thought to consist of geofacts. 

The site of Mokhovo or MK1 in South Siberia yielded a few flake artefacts broadly 

dated to pre-OIS9 on the basis of geological correlations (Derevianko and 

Shunkov 2014, 5478). In the southern part of Middle Siberia, at the site of Razlog 

2 a small (60 pieces) assemblage of Mode 1 type artefacts was collected from the 

surface. The proposed Middle Pleistocene dating is based solely on the 

technological characteristics of the worked pieces (Derevianko and Shunkov 

2014, 5479). Another site in Middle Siberia is Zasukhino, located on the eastern 

shore of Lake Baikal. Four small assemblages were recovered from an 

investigated stratigraphic section. However, their artefactual nature and exact 

dating remain problematic (Derevianko and Shunkov 2014, 5481). Even more to 

the north, at the site of Diring Yuriakh in Yakutia 51 clusters excavated over a 

large area produced a set of assemblages (in total >5000 pieces) attributed to 

Mode 1. The original estimates of very early late Pliocene dates associated with 

the lithics have been refuted by a new geological analysis and its OIS8 dating was 

further supported with TL dates (267±24 and 366±32kya) of the over- and 

underlying sediments (Waters et al. 1997).  

1.3. Europe 

Due to a long history of research and extensive funds dedicated to archaeology 

Europe is more intensively surveyed than any other region. Nevertheless, the 

number of very early sites is small and only grows rapidly after 0.5Mya (see 

Roebroeks 2006). This overview follows the spatial division into 9 areas proposed 

by Gamble (2002) (Figure 13). 
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Figure 13 The spatial division of Lower Palaeolithic Europe, image source: Gamble 

2002, figure 3.1, page 66.	

1.3.1. East Mediterranean  

Lower Palaeolithic finds from Greece are scarce (Figure 14). Apart from the 

spectacular find of an almost intact Homo heidelbergensis skull in Petralona most 

of the finds come from surface surveys. So far they comprise a handful of isolated 

handaxes and a small (~100) assemblage collected at the site of Rodia, which 

shows affinities to Central European small tools industries (Gowlett 1999, 49; 

Runnels and Van Andel 1999, 217-8). Another locality, Marathousa 1, assigned 

to Mode 1 sensu lato has been provisionally dated to the middle part of Middle 

Pleistocene on the basis of the faunal finds (Panagopoulou et al. 2015).  

 

Figure not shown due to copy rights restrictions.
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Figure 14. The spatial distribution of Lower Palaeolithic archaeological sites in East 

Mediterranean. Green pentagons - Mode 1 sites, red diamonds - Mode 2 

sites, red triangles - flake industries.   
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1.3.2. Central Mediterranean 

Contrary to the cast part of the Mediterranean zone, the territory of modern day 

Italy is rich in Lower Palaeolithic sites (Figure 15).  

	

Figure 15. The spatial distribution of Lower Palaeolithic archaeological sites in Central 

Mediterranean. Green pentagons - Mode 1 sites, red diamonds - Mode 2 

sites, red triangles - flake industries.   

 

The oldest currently known trace of hominin occupation in the central part of the 

Mediterranean basin is the site of P13 at Pirro Nord, Italy. Dated to 1.6 - 1.3Mya 

on the basis of extensive faunal correlation and palaeomagnetism (López-García 

et al. 2015) the lithic assemblage has been classified as Mode 1 and constitutes 

the oldest known site in Europe (Arzarello et al. 2009; 2014). Before the discovery 

of lithics at Pirro Nord the site of Monte Poggiolo, Italy was considered as the 

most ancient Palaeolithic site in the region with dates reaching 1.0Mya (Falguères 

2003). However, the recent reassessment of the age of the lowermost levels 

using faunal and geological correlations as well as ESR dates led to the correction 

to ca. 0.88Mya (Muttoni et al. 2011). The lithic assemblage, which consists of 

1319 lithics found in situ and a much larger sample of surface collected artefacts, 

is classified as Mode 1 (Bernal and Moncel 2004). 
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Until recently the oldest known hominin remains in the region - a calvarium from 

the site of Ceprano, Italy was dated to 0.7-0.8Mya. New geological analysis, has 

moved the date to MIS 11 (Manzi et al. 2010). The very small lithic assemblage 

consisting of a few flakes and cores was originally classified as Mode 1 on 

chronological grounds but its size precludes any technological attribution 

(Ascenzi et al. 1996). In general the Latium region is dotted with finds attributed 

to Early Middle Pleistocene (overview: Segre and Biddittu 2009). One of the best 

known is Fontana Ranuccio. Dated to 0.46 Mya with Ar/K and palaeomagnetism 

(Muttoni et al. 2009) it has furnished a mode 2 assemblage and a number of 

acheulean-like bifaces made out of elephant long bones (Segre and Ascenzi 

1984). 

The site of Isernia la Pineta, Italy produced large faunal and lithic assemblages. 

Dated to ca. 0.6-0.5Mya by a set of chronometric methods (Amino Acid, K/Ar, 

Ar40/Ar39) and palaeomagnetism (Coltorti et al. 2005; Palma di Cesnola 1996, 52). 

The lithic assemblage is known for the particular small size of the cores and 

flakes and the extensive use of the quartier d’orange knapping technique (Longo 

et al. 1997). The site is also known for the stone pavement in the t.3.a sector 

made out of limestone blocks and travertine slabs (Giusberti et al. 1991). Of 

similar age to Isernia are the lower deposits from the Venosa Valley: Notachirico 

and Loreto (Lefèvre et al. 2010). The dating of the tephras Notarchirico to ca. 

620kya is based on TL and ESR methods and faunal correlations and indicates 

that the site has yielded one of the oldest Mode 2 assemblages in Europe. The 

Mode 2 levels, e.g. level F, are interstratified with levels containing core and 

flakes assemblages classified as tayacian, i.e., a flake industry (Piperno 1999). 

The nearby Venosa Loreto site is younger, with the lowermost deposit - level A - 

dated to 0.5Mya (Lefèvre et al. 2010). The assemblage consists of flakes and 

cores and was classified as ‘ancient tayacian’, i.e. a flake industry (Mussi 2002, 

27-29). Finally, recently reported nearby site of Atella is dated to 480kya using 

tuff correlations. Its assemblage is similarly to Loreto’s attributed to flake 

industries although one possible biface was also identified (Abruzzese et al. 

2016). A similar cultural attribution has been given to the site of Visogliano in 

the north of Italy. Dated to 0.46-0.3Mya with U/Th and ESR methods it furnished 

a large lithic assemblage composed predominantly of small flakes (Grifoni and 

Tozzi 2006). A number of sites with Mode 1 type assemblages are known from 

Latium, especially from the vicinity of Rome, including Arce, Castel di Guido, 

Castel del Volsci, Colle Marino, Cava Pompi or Fontana Liri. Their age estimates 

are based on the geological correlations of different river terraces and go as far 

as 0.7Mya (Palma di Cesnola 1996, 35). 
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1.3.3. West Mediterranean 

Many of the oldest sites in Europe cluster in the western part of the 

Mediterranean zone (Figure 16). 

The complex of sites in the Orce basin, Barranco León and Fuente Nueva, until 

recently constituted the oldest dated evidence for hominin presence in Europe. 

Both sites are dated to 1.3-1.2Mya by a combination of palaeomagnetism and 

faunal analysis (Oms et al. 2000). The site of Barranco León produced a small 

(359 pieces) assemblage attributed to Mode 1. The Fuente Nueva assemblage is 

larger (3381 pieces) which allowed the investigators to reconstruct the chaîne 

opératoire aimed at production of small flakes (Bernal and Moncel 2004). The 

recently reported site of Vallparadís, was found within a well dated (combination 

of palaeomagnetism, ESR/U-series and faunal correlations) stratigraphical 

sequence spanning from 1.0 to 0.6Mya (Madurell-Malapeira et al. 2010). Although 

the lithic assemblage coming from level 10 is dated using several different 

methods the interpretation of its chronology varies from 0.79Mya (Duval et al. 

2011), 0.83Mya (Madurell-Malapeira et al. 2010) to 0.98Mya (Martínez et al. 

2014). The site’s geologists contested the legitimacy of the lithics citing the signs 

of water transport as an evidence of their non-artefactual character (Madurell-

Malapeira et al. 2012). However, this critique seems to be unsubstantiated in 

light of the presence of refittings as well as cut marks on bones (Garcia et al. 

2012). The assemblage has been attributed to Mode 1 (Martínez et al. 2010). The 

only other Mode 1 assemblage in the region is El Aculadero, although its age is 

uncertain (Querol and Santonja 1983). More difficult to classify are the finds from 

Cullár Baza, where a small assemblage of 8 pieces has been dated to ca. 500kya 

on the basis of faunal comparison with other sites in the region (Agustí et al. 

2000; Raposo and Santonja 1995). Similarly the assemblage from Cueva Victoria 

dated to Early Pleistocene is too small to be reliably attributed to any particular 

industry. However, Carbonell et al. (1981) associate it with flake industries 

(clactonian). The finders have also reported extensive bone industry and possible 

hominin remains in form of a phalanx (Palmqvist et al. 1996).  
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Figure 16. The spatial distribution of Lower Palaeolithic archaeological sites in Western 

Mediterranean. Green pentagons - Mode 1 sites, red diamonds - Mode 2 

sites, red triangles - flake industries.   

 

At the recently reported site of Baranc de la Boella the find of two large cutting 

tools (possible cleaver and a pick) has led the researchers to tentatively attribute 

it to Mode 2 (Mosquera et al. 2016). If accepted this would make it the oldest 

acheulean site in Europe with a date of 0.96-0.78Mya (Vallverdú et al. 2014). A 

nearby site of La Cansaladeta has also furnished a Mode 2 assemblage but with 

much younger dates of ca. 350-400kya (Ollé et al. 2016). The oldest sites with 

unequivocal Mode 2 assemblages in the region are Solana del Zamborino and 

perhaps the nearby site of Estrecho del Quipar previously attributed to the 

second part of the Middle Pleistocene on the basis of the technological 

characteristics of the lithics. Recent reanalysis using palaeomagnetism and faunal 

correlation pushed the sites’ chronology to 0.75Mya and 0.9Mya respectively 

(Scott and Gilbert 2009 but cf. Jimenéz-Arenas et al. 2011). Solana del Zamborino 

produced an unequivocal Mode 2 assemblage (González and Freeman 1998, 64). 

In contrast, the lithic assemblage at Estretcho del Quipar has only one instance of 

a bifacially worked tool and it has been suggested to classify it as ‘developed 

Oldowan’ (Walker et al. 2013).  
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The site of Alto de las Picarazas, Spain is another locality in the region. It has 

been dated to 1.6-1.2Mya. However, the small lithic industry consisting of seven 

pieces can only provisionally be classified as Mode 1 (Gabarda et al. 2016). 

Similarly dated, the site of Bois-de-Riquet has furnished a very small assemblage 

(13 pieces) tentatively attributed to Mode 1, although the artefactual nature of 

the finds is questionable (Bourguignon et al. 2016). 

The lower deposits at La Caune de l’Arago are only slightly younger than Solana. 

Dated to between 0.69-0.4Mya with the ESR method combined with extensive 

faunal correlation (Falguères et al. 2004), level P yielded an extensive lithic 

assemblage with numerous bifacially worked tools (Barsky 2013).  

Other Mode 2 sites (e.g., Torralba and Ambrona) are considerably younger, ca. 

350-300kya (Falguères  et al. 2006; Jara 1996). A number of sites in the region 

contain Mode 2 assemblages but have no secure dates associated with them, for 

example Budiño (Echaide 1971), Cabo Busto (Rodríguez Asensio 1999), La Maya 

and Pinedo (González and Freeman 1998). There are also a number of potentially 

Middle Pleistocene sites identified on the terraces of rivers, such as Puig d’en 

Roca, Guadalquivir T6 and T8, Pinedo (overview: Raposo and Santonja 1995), 

which, however, either come from an insecure context (surface finds) or their 

artefactual character is controversial. Further to the west, along the Atlantic coast 

of the Iberian Peninsula multiple surface locations have been identified as 

possibly Middle Pleistocene on the basis of their geological context and the 

technological characteristics of the lithics. Potential Mode 1 and Mode 2 

assemblages have been reported from various fluvial sequences in Portugal but 

they lack secure radiometric dating, e.g., Portomaior, Marinho, Casal do Azemel 

or they are dated to the later part of Middle Pleistocene, e.g., Galeria Pesada or 

Ribera da Ponte da Pedra (overview: Oosterbeek et al. 2010).   

1.3.4. South West 

This is a particularly prolific area for Lower Palaeolithic sites. It also comprises the 

flagship of the European Lower Palaeolithic - the complex of sites at Sierra de 

Atapuerca in the Burgos province, northern Spain (Figure 16). The most recently 

uncovered finds at the site of Sima del Elefante (also known as Trinchera 

Elefante) are also the oldest ones. Dated to around 1.2-1.3Mya on the basis of 

palaeomagnetism and extensive faunal correlation, the site has provided rich 

faunal and lithic assemblages (Rosas et al. 2001). The lithic industry from the 

lower levels (Lower Red Unit - mostly layer TE9) was classified to Mode 1, while 

finds coming from middle levels dated to ca. 300-250kya were assigned to Mode 
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2 (Lombera-Hermida et al. 2015; Páres et al. 2006). A hominin mandible 

attributed widely to the genus Homo sp. has also been found at the site 

(Martinón-Torres et al. 2011). The “Aurora Stratum” or level TD6 at the site of 

Gran Dolina has brought to light a combination of lithic and faunal evidence 

together with hominin remains. The lithic assemblage from TD6 (lower levels 

contain only a few artefacts) has been classified as Mode 1 (Carbonell et al. 

1999a). Almost 100 hominin remains have been unearthed, belonging to at least 

six individuals leading the investigators to propose a new species Homo 

antecessor (Bermúdez de Castro et al. 1997). The most recent age estimate for 

the TD6 level is 0.9-0.95Mya on the basis of ESR, U-series and TL chronometric 

dates, palaeomagnetism and faunal correlation (Berger et al. 2008). The other 

two Atapuerca sites: La Galeria and Sima de los Huesos are much younger, 0.5-

0.2Mya (Bischoff et al. 2007; Stringer 2012).  

The site of Soleilhac, France was initially dated to the Lower Pleistocene ca. 

0.9Mya (Bonifay 1989, 39) on the basis of palaeomagnetism and faunal 

correlation. More recently, a much younger age of 0.5-0.6Mya (Raynal et al. 1995) 

was suggested by TL, and 40Ar/38Ar dating. No bifacially worked pieces have been 

found leading to the interpretation of the assemblage as Mode 1, however, the 

investigators point out the similarities between the lithics at Soleilhac with the 

‘small tool’ tradition further to the east (Bracco 1991). There are a number of 

other surface finds and small assemblages in the region (overview: Turq et al. 

2010), but they lack secure stratigraphic context and reliable dating.  

1.3.5. North West 

Despite its location up north, this area provided a number of early Palaeolithic 

sites. Equally, the general density of archaeological finds in the region is very 

high thanks to decades of extensive archaeological survey (Figure 17).  

The oldest potential site in the British Isles is currently Happisburgh 3 (UK). A 

small assemblage of Mode 1 artefacts has been found on the site and dated to 

0.99-0.78Mya on the basis of palaeomagnetism and faunal correlation. An 

alternative dating, to MIS 15 (ca. 0.62Mya) has been proposed by Westaway 

(2011). The good preservation of organic matter allowed the investigators to 

reconstruct the local climatic conditions indicating that the site was at the edge 

of the boreal zone (Parfitt et al. 2010). The site of Pakefield (UK) is dated to 0.68 

or 0.75Mya depending on the geological interpretation of the site. The lithic 

assemblage is small (32 pieces) and has been attributed to Mode 1 (Parfitt et al. 

2005). 
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In contrast, the nearby site of Happisburgh 1 (UK) yielded a single handaxe 

among other artefacts, leading the investigators to attribute it to Mode 2 (Ashton 

and Lewis 2012). The age of the deposits containing the artefacts is controversial 

and oscillates between MIS 17 and MIS 13-12, with the latter currently being 

accepted as more likely (Ashton and Lewis 2012; Hosfield 2011). The chronology 

of other Mode 2 sites in the region corroborate with this age.  

The site of Boxgrove (UK) has produced a large in situ assemblage as well as 

hominin remains. The site has been dated to 0.5Mya on the basis of its geological 

position and faunal correlations. The lithics, classified as Mode 2, were found in 

several undisturbed knapping scatters some of them associated with a butchered 

carcass (Roberts and Parfitt 1999). The hominin remains consist of a tibia and 

teeth (Hillson et al. 2010; Stringer et al. 1998). Of similar age is the site of High 

Lodge (UK). Dated on the basis of its geological position to 0.5Mya (although this 

dating has recently been questioned by West et al. 2014), the site has produced a 

rich Mode 2 assemblage (Ashton et al. 1992; Brumm and McLaren 2011). 

The oldest site in the Somme Valley, Cagny-la-Garenne, in France is dated to ca. 

0.5-0.4Mya (Antoine et al. 2013) using ESR. The lower levels Lj and CA produced 

rich Mode 2 assemblages (Tuffreau et al. 1997). Finally, in Central France an 

extensive survey of the Middle Loire Valley (Despriée et al. 2005; 2010) 

produced at least 6 sites dated to 1.0-1.2Mya consisting of Mode 1 artefacts. 

Among them there are Pont-de-Lavaud, where a large assemblage was found 

below a basalt deposit dated to 1.1Mya and la Terre-des-Sablons, where 

artefacts have been recovered from two units dated to 1.1Mya and 0.93Mya. The 

Middle Loire Valley has also numerous sites with assemblages classified as Mode 

2 and dated to 0.7-0.5Mya using ESR and geological correlations (Voinchet 2010). 

For example, the site of La Noira has a series of ESR dates oscillating around 

0.65 Mya. Three lithic assemblages identified at the site contain numerous 

bifacially worked tools and preforms, and has been classified as Mode 2 (Moncel 

et al. 2016). Other sites with similar assemblages and age include la Genetière 

and la Plaine-de-la-Morandière, while mode 2 assemblages from Les Grouais-de-

Chicheray’, Saint-Firmin-des-Prés and la Morandière are dated to 0.4-0.5Mya 

(Despriée et al. 2010). 
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Figure 17. The spatial distribution of Lower Palaeolithic archaeological sites in North 

West Europe. Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, 

red triangles - flake industries.   

 

In this region a number of Mode 2 assemblages have been dated to the 400-

250kya, e.g., Planguenoual, Gouzeaucourt, Pa d’la l’iau and Cagny-l’Epinette 

(Lamotte 1995). Other contain no bifacially worked tools, for example the Azé 

Cave (Moncel et al. 2001) or large cutting tools make up only a small proportion 

of the assemblages leading researchers to attribute them to such cultural units 

such as clactonian or colombian (Monnier et al. 1994; White 2000).  

1.3.6. South East 

The oldest traces of human activity in the Balkans have been reported from the 

Kozarnika Cave in Bulgaria. On the basis of micromammalian evidence and 

palaeomagnetism the age of the lowermost layers was estimated to 1.4-0.9 Ma 

for the layers 13-11c, ca. 800-600 ka for 11b and 600-400 ka for 11a (Guadelli et 

al. 2005), later pushed back to 1.6-1.4Mya for the lowest units (Sirakov et al. 

2010). All assemblages coming from the lower levels were identified as Mode 1 

(Sirakov et al. 2010) (Figure 14). 
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The only well dated stratified Pleistocene sequence in the northern part of the 

Balkans is located at the site of Korolevo, in Transcarpathian Ukraine (Figure 19). 

Unfortunately, a large number of lithics collected from the surface was 

incorporated into the sample excavated from the in situ deposits obscuring any 

potential analysis. As a result only a fraction of two (out of seven) assemblages, 

excavated after the departure of the early investigators, can be analysed. 

Assemblage VII, representing a simple flake and core industry, has been located 

below a Matuyama/Brunhes reversal detected in the sequence. However, the 

artefactual nature of the lithics has been questioned (Doronichev 2008) and the 

description of some of the debitage by authors supports the uncertainty. 

Assemblage VI, classified as the small tools industry, has been tentatively dated 

to ca. 0.55Mya (Koulakovska et al. 2010; Koulakovska and Usik 2011a) although 

this date is controversial (Doronichev 2008). Despite earlier reports no Acheulean 

material has been recovered from the site. The supposed Lower Palaeolithic 

handaxes were in fact Upper Palaeolithic admixtures (e.g., a fragment of bifacially 

worked leaf-point) coming from higher units (Doronichev 2008). The same 

applies to the previously reported (Gladiline and Sitlivy 1990) evidence of early 

use of the Levallois technique (Koulakovska and Usik 2011b). 

1.3.7. Alpine 

The earliest known traces of hominin presence in the region come from the 

Vallonnet cave. The very early dates of the site, 0.95-1.0Mya, were obtained 

using the ESR method (Yokoyama et al. 1988). The small (90 pieces) assemblage 

has been attributed to Mode 1 (Bernal and Moncel 2004) (Figure 15).  

1.3.8. North Central 

Further north, the earliest securely dated sites on the great European Plain are 

not older than OIS 13, e.g., Rusko 42, Bilzingsleben and Schöningen 

(Burdukiewicz 1994; Mania 1990; Thieme 1997). Although a number of sites have 

been tentatively dated to much earlier times, in all cases either the dating or the 

artefactual nature of the recovered pieces have been questioned (Figure 18). 
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Figure 18. The spatial distribution of Lower Palaeolithic archaeological sites in North 

Central Europe. Green pentagons - Mode 1 sites, red diamonds - Mode 2 

sites, red triangles - flake industries.   

 

At Dorn Durkheim, Germany three potential artefacts have been found in a 

deposit located below the Matuyama/Brunhes reversal, i.e. 0.78Mya. However, 

both the dating and the artefactual nature of the pieces have been questioned 

(Fiedler and Franzen 2002). In the long sequence at Kärlich, Germany layers A 

and B predating the Matuyama/Brunhes furnished a few pieces, recognised by 

some researchers as artefacts. The finds from layer H dated to between 618-

452kya and layer G -  dated to 500kya are more convincing (Bosinski 1996, 81; 

Haidle and Pawlik 2010). The very small assemblages (26 and 14 pieces 

respectively) contains a core and several flakes so can be tentatively attributed to 

Mode 1. Of similar age (600kya) is the site of Mauer (Wagner et al. 2010; 2011), 

Germany where the type fossil of Homo heidelbergensis - the Mauer Mandible - 

was found. There are about 30 lithics associated with the hominin remains 

classified, equally tentatively as in the case of Kärlich, as Mode 1 (Fiedler 1995). 

Finally, the site of Miesenheim, Germany has been tentatively dated to 500kya on 

the basis of an 40Ar/30Ar date coming from a layer of pumice found above the 

archaeological layers F and G (Turner 2000). The small assemblage was attributed 

to flake industries, namely the clactonian (Bosinski et al. 1988). A few other 
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localities have furnished possible Middle Pleistocene artefacts but in most cases 

either the dating or the finds are controversial (overview: Haidle and Pawlik 

2010). 

A number of sites in Moravia with a very early chronology have been reported, for 

example Brno Červený kopec and Brno Černovice, Mladeč and Přezletice (Oliva 

2005, 8-11; Valoch 1986). The most convincing evidence in the region is the 

stratigraphic sequence at Stránská Skalá in the Czech Republic. Dated to 0.55-

0.65Mya on the basis of faunal correlations the very small assemblage consists of 

a few flakes and two choppers (Valoch 1999).  

1.3.9. North East 

Northeastern Europe is a key region for understanding the colonisation of Europe 

as it provides the most convenient route into the continent. The steppe-like 

conditions of the region, the absence of natural barriers and the proximity to the 

oldest traces of the Out of Africa dispersal in Dmanisi raise the expectation of 

Lower Pleistocene sites. However, due to the geological setting (Romanowska 

2012) the region lacks well-dated stratified sites with non-controversial lithic 

assemblages (Figure 19). 

A number of find spots of potentially early age has been reported from the 

southern part of the Russian Plain including: Garasimovka (Praslov 1995), 

Bogatyri-Sinaya Bialka, Kinjal Mountain, Medzhibozh (Stepanchuk 2009), Pogreby 

and Dubossary, and most recently Krecheshti (Anisyutkin et al. 2013) and Bairaki 

(Anisyutkin et al. 2012a, b). 

The three sites from the Taman Peninsula: Bogatyri-Sinyay Balka, Rodniki and 

Kermek are located within 200m of each other (Shchelinsky et al. 2010; 2016). 

Their assemblages have been classified as a new type of Mode 1, termed 

‘Tamanian industry’. However, it has to be noted that the artefactual nature of 

the finds has been questioned (Doronichev 2008) since all of them have been 

picked up from vast outcrops of natural raw material in relatively geologically 

active environments where geofacts are most likely to form. Similarly, their very 

early dates in range of 1.7-1.1Mya are not based on fully reliable methods 

(Muttoni et al. 2013).  
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Figure 17. The spatial distribution of Lower Palaeolithic archaeological sites in North 

East Europe. Green pentagons - Mode 1 sites, red diamonds - Mode 2 sites, red 

triangles - flake industries.  	

 

The lithic assemblage from Krecheshi, Moldova looks more convincing but its 

dating to >1Mya is based only on the geological setting of the Dniester terrace it 

was found on (Anisyutkin et al. 2013). Similarly, the small (40 pieces) assemblage 

of the nearby site of Bairaki has been dated on the basis of its geological 

position to MIS 19-21 or 0.78-0.86Mya. The lithics consist of flakes and cores and 

have been attributed to Mode 1 (Anisyutkin et al. 2012a, b). 

The assemblages of Pogreby and Dubossary, Moldova come from surface 

collection and are tentatively dated on the basis of their geological situation and 

a small sample of faunal remains to OIS 9-11 with a stronger indication towards 

the former. In addition, the lithic collection from Pogreby is likely to contain an 

Upper Palaeolithic admixture further obscuring the analysis. Both sites have been 

classified as the small tools industry (Doronichev 2008; Preslov et al. 1995). The 

site of Medzhibozh, Ukraine tentatively dated to MIS 11 on the basis of its 

geological position and associated fauna as well as TL dates of an overlying layer, 

produced only about 40 lithics attributed to the small tools industry. The 

assemblage is said to also comprise a number of bone implements (Stepanchuk 

et al. 2012).  

The two stratified Lower Palaeolithic localities on the Russian Plain are the sites of 

Khryashchy and Mikhailovskoe. However, only a few of the artefact have been 
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recovered from an in situ position (Hoffecker 2002, 47-8). In addition, on the 

basis of geological location and associated pollen spectra both sites are dated to 

OIS 7 or earlier (Doronichev 2008). This early date together with the 

characteristics of the lithic assemblages place them within the Middle Palaeolithic 

period (Hoffecker 2002, 47-8).  

Finally, the earliest traces of human presence at the eastern border between 

Europe and Asia - the Ural Mountains - are known from the basin of the upper 

Kama River in Russia for example at the site of Elniki (Pavlov 2008). The 

assemblages lack secure dates and have been tentatively associated with the 

favourable conditions of the Late Middle Pleistocene (Chlachula 2010). A number 

of potential Lower Palaeolithic localities have been reported in the region, mostly 

located through fieldwork surveys, (Stepanchuk and Rakovets 2010; Stepanchuk 

2006) but their dating is highly uncertain.  
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Africa	
East	
Africa	 11.068918	 40.37942	 Dikika	55	

cut	
marks	 1	 2	 1	

3.3
9	 3.39	 0	

Ar/Ar,	
geol	 1	 surface	 3	 McPherron,	S.P.,	Alemseged,	Z.,	Marean,	C.W.,	Wynn,	J.G.,	Reed,	D.,	Geraads,	D.,	Bobe,	R.,	BÌ©arat,	H.	a,	2010.	Evidence	for	stone-tool-assisted	consumption	of	fauna	tissues	before	3.39	million	years	ago	at	Dikika,	Ethiopia.	Nature.	466,	857‰ÛÒ860.	

Africa	
East	
Africa	 3.916191	 35.836858	 Lomekwi	3	 Mode	1	 1	 19	 1	 3.3	 3.3	 0	

geol,	
paleoma
g	 1	

excavat
ed	 3	

Harmand,	S.,	Lewis,	J.E.,	Feibel,	C.S.,	Lepre,	C.J.,	Prat,	S.,	Lenoble,	A.,	BoÌÇs,	X.,	Quinn,	R.L.,	Brenet,	M.,	Arroyo,	A.,	Taylor,	N.,	ClÌ©ment,	S.,	Daver,	G.,	Brugal,	J.-P.,	Leakey,	L.,	Mortlock,	R.	a.,	Wright,	J.D.,	Lokorodi,	S.,	Kirwa,	C.,	Kent,	D.	V.,	Roche,	H.,	2015.	3.3-million-year-old	stone	tools	from	
Lomekwi	3,	West	Turkana,	Kenya.	Nature.	521,	310‰ÛÒ315.	

Africa	
East	
Africa	 11.068581	 40.305018	

Gona	(EG-
10,	EG-12,	
OGS-7)	 Mode	1	 0	 2000	 0	 2.6	 2.6	 0	

geol,	
paleoma
g	 1	

excavat
ed	 1	 Semaw,	S.,	Rennek,	P.R.,	Harris,	J.W.K.,	Feibel,	C.S.,	Bernor,	R.L.,	Fesseha,	N.,	Mowbray,	K.,	1997.	2.5-million-year-old	stone	tools	from	Gona,	Ethiopia.	Nature.	

Africa	
East	
Africa	 4.055086	 35.462007	 Kokiselei	4	 Mode	2	 0	 191	 0	

1.7
6	 1.76	 0	

Ar/Ar,	
geol,	
paleoma
g	 1	

excavat
ed	 1	 Lepre,	C.J.,	Roche,	H.,	Kent,	D.	V.,	Harmand,	S.,	Quinn,	R.L.,	Brugal,	J.-P.,	Texier,	J.-P.,	Lenoble,	A.,	Feibel,	C.S.,	2011.	An	earlier	origin	for	the	Acheulian.	Nature.	477,	82‰ÛÒ85.	

Africa	
East	
Africa	 3.955366	 35.824356	 Lokalalei	2C	 Mode	1	 0	 2614	 0	

2.3
4	 2.34	 0	 geol	 2	

excavat
ed	 2	 Delagnes,	A.,	Roche,	H.,	2005.	Late	Pliocene	hominid	knapping	skills:	The	case	of	Lokalalei	2C,	West	Turkana,	Kenya.	Journal	of	Human	Evolution.	48,	435‰ÛÒ472.	

Africa	
East	
Africa	 4.807093	 36.068433	

Omo	57	and	
123	 Mode	1	 0	 1812	 0	 2.3	 2.3	 0	 geol	 1	

excavat
ed	 1	 De	la	Torre,	I.,	2004.	Omo	Revisited.	Current	Anthropology.	45,	439‰ÛÒ465.	

Africa	
East	
Africa	 3.947189	 36.252454	

Koobi	Fora	
FxJj1,	FxJj3,	
FxJj10	 Mode	1	 0	 151	 0	

1.8
9	 1.65	 0.24	 geol	 1	

excavat
ed	 1	 Isaac,	G.	1997.	Koobi	Fora	Research	Project,	Volume	5:	Plio-Pleistocene	Archaeology.	Oxford:	Clarendon	Press.	

Africa	
East	
Africa	 4.492276	 36.246961	 Fejej	Fj1A	 Mode	1	 0	 4000	 0	 1.9	 1.9	 0	

ESR,	
paleoma
g,	geol	 1	

excavat
ed	 1	

Barsky,	Deborah,	CÌ©cile	Chapon-Sao,	Jean	Jacques	Bahain,	Yonas	Beyene,	Dominique	Cauche,	Vincenzo	Celiberti,	Emmanuel	Desclaux,	et	al.	2011.	‰ÛÏThe	Early	Oldowan	Stone-Tool	Assemblage	from	Fejej	FJ-1a,	Ethiopia.‰Û�	Journal	of	African	Archaeology	9	(2):	207‰ÛÒ224.	
doi:10.3213/2191-5784-10196.	

Africa	
East	
Africa	 8.704261	 38.598759	

Melka	
Kunture	
Gombore	I,	
Garba	IV,	
Karre	I,	and	
Kella	III	 Mode	1	 0	 10000	 0	 1.7	 1.7	 0	

Ar/Ar,	
paleoma
g,	geol	 1	

excavat
ed	 1	 Chavaillon,	Jean,	and	Marcello	Piperno.	2004.	Studies	on	the	Early	Paleolithic	Site	of	Melka	Kunture,	Ethiopia.	Florence:	Istituto	Italiano	di	Preistoria	e	Protostoria.	doi:10.1002/cyto.a.20902.	http://discovery.ucl.ac.uk/183639/.	

Africa	
East	
Africa	 8.704261	 38.598759	

Melka	
Kunture	
Garba	IVD	 Mode	2	 0	 9821	 1	 1.5	 1.5	 0	

geol,	
K/Ar,	
paleoma
g	 2	

excavat
ed	 2	 Gallotti,	Rosalia.	2013.	‰ÛÏAn	Older	Origin	for	the	Acheulean	at	Melka	Kunture	(Upper	Awash,	Ethiopia):	Techno-Economic	Behaviours	at	Garba	IVD.‰Û�	Journal	of	Human	Evolution	65	(5):	594‰ÛÒ620.	doi:10.1016/j.jhevol.2013.07.001.	http://dx.doi.org/10.1016/j.jhevol.2013.07.001.	

Africa	
East	
Africa	 0.339773	 29.615127	 Senga	5	 Mode	1	 0	 1004	 0	

2.3
4	 2.34	 0	 fauna	 4	

excavat
ed	 3	

Harris,	John	W.	K.,	Peter	G.	Williamson,	Jacques	Verniers,	Martha	Tappen,	Kathleen	Stewart,	David	Helgren,	Jean	de	Heinzelin,	Noel	T.	Boaz,	and	R	Bellomo.	1987.	‰ÛÏLate	Pliocene	Hominid	Occupation	in	Central	Africa:	The	Setting,	Context,	and	Character	of	the	Senga	5A	Site,	Zaire.‰Û�	Journal	
of	Human	Evolution	16	(7-8):	701‰ÛÒ728.	

Africa	 East	 -2.989651	 35.354872	 Olduvai	Bed	 Mode	1	 0	 10000	 0	 1.8 1.75	 0.12	 K/Ar,	 1	 excavat 1	 Torre,	Ignacio	De,	and	Rafael	Mora.	2007.	Technological	Strategies	in	the	Lower	Pleistocene	at	Olduvai	Beds	I	and	II.	LiÌ¬ge:	UniversitÌ©	de	LiÌ¬ge.	
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Africa	 I	and	Lower	
Bed	II	

7	 Ar/Ar,	
paleoma
g,	geol	

ed	

Africa	
East	
Africa	 0.64963	 36.194154	 Chesowanja	 Mode	1	 0	 1000	 0	

1.4
9	 1.49	 0	

K/Ar,	
geol	 1	

excavat
ed	 1	 Gowlett,	John	A.	J.,	John	W.	K.	Harris,	D.	Walton,	and	Bernard	A.	Wood.	1981.	‰ÛÏEarly	Archaeological	Sites,	Hominid	Remains	and	Traces	of	Fire	from	Chesowanja,	Kenya.‰Û�	Nature	294:	125‰ÛÒ129.	

Africa	
East	
Africa	 7.009993	 39.340061	 Gadeb	2	 Mode	1	 0	 3337	 0	

1.4
7	 0.7	 0.77	

K/Ar,	
geol	 2	

excavat
ed	 3	 De	la	Torre	Ignacio,	I.	2011.	‰ÛÏThe	Early	Stone	Age	Lithic	Assemblages	of	Gadeb	(Ethiopia)	and	the	Developed	Oldowan/early	Acheulean	in	East	Africa.‰Û�	Journal	of	Human	Evolution	60	(6):	768‰ÛÒ812.	doi:10.1016/j.jhevol.2011.01.009.	

Africa	
East	
Africa	 -2.343887	 35.958359	 Peninj	ST	 Mode	1	 0	 354	 0	 1.6	 1.4	 0.2	

K/Ar,	
paleoma
g	 1	

excavat
ed	 1	

De	la	Torre,	Ignacio,	Rafael	Mora,	Manuel	DomÌ_nguez-Rodrigo,	Luis	de	Luque,	and	Luis	AlcalÌÁ.	2003.	‰ÛÏThe	Oldowan	Industry	of	Peninj	and	Its	Bearing	on	the	Reconstruction	of	the	Technological	Skills	of	Lower	Pleistocene	Hominids.‰Û�	Journal	of	Human	Evolution	44	(2):	203‰ÛÒ224.	
doi:10.1016/S0047-2484(02)00206-3.	

Africa	
East	
Africa	 5.340788	 37.43283	

Konso-
Gardula	 Mode	2	 0	 150	 0	

1.7
5	 1.75	 0	

Ar/Ar,	
geol	 1	

excavat
ed	 1	 Asfaw,	Berhane,	Yonas	Beyene,	Gen	Suwa,	Robert	C.	Walter,	Tim	D.	White,	Giday	Woldegabriel,	and	Tesfaye	Yemane.	1992.	‰ÛÏThe	Earliest	Acheulean	from	Konso-Gardula.‰Û�	Nature	360:	732‰ÛÒ735.	

Africa	
East	
Africa	 -2.343887	 35.958359	

Peninj	RHS,	
MHS	 Mode	2	 0	 556	 0	 1.5	 1.5	 0	

Ar/Ar,	
geol	 2	

excavat
ed	 2	

Torre,	Ignacio	De	La,	Rafael	Mora,	and	Jorge	MartÌ_nez-Moreno.	2008.	‰ÛÏThe	Early	Acheulean	in	Peninj	(Lake	Natron,	Tanzania).‰Û�	Journal	of	Anthropological	Archaeology	27	(2)	(June):	244‰ÛÒ264.	doi:10.1016/j.jaa.2007.12.001.	
http://linkinghub.elsevier.com/retrieve/pii/S0278416507000530.	

Africa	
East	
Africa	 -2.989651	 35.354872	

Olduvai	Bed	
II,	EF-HR	and	
TK	 Mode	2	 0	 2462	 0	 1.5	 1.5	 0	

K/Ar,	
Ar/Ar,	
paleoma
g,	geol	 1	

excavat
ed	 1	 Torre,	Ignacio	De,	and	Rafael	Mora.	2007.	Technological	Strategies	in	the	Lower	Pleistocene	at	Olduvai	Beds	I	and	II.	

Africa	
East	
Africa	 11.068581	 40.305018	

Gona	BSN-
12,	OGS-5	
and	OGS-12	 Mode	2	 0	 500	 0	 1.6	 1.6	 0	 Ar/geol	 2	

excavat
ed	 2	 Quade,	Jay,	Naomi	Levin,	Sileshi	Semaw,	Dietrich	Stout,	Paul	Renne,	Michael	Rogers,	and	Scott	Simpson.	2004.	‰ÛÏPaleoenvironments	of	the	Earliest	Stone	Toolmakers,	Gona,	Ethiopia.‰Û�	Bulletin	of	the	Geological	Society	of	America	116	(11-12):	1529‰ÛÒ1544.	doi:10.1130/B25358.1.	

Africa	
North	
Africa	 36.2775	 8.316667	

AÌøn	Hanech	
+	El	Kherba	 Mode	1	 0	 2667	 1	 1.8	 1	 0.8	

paleoma
g;	fauna	 4	

excavat
ed	 3	

Sahnouni,	Mohamed,	Jan	Van	Der	Made,	and	Melanie	Everett.	2010.	‰ÛÏEarly	North	Africa:	Chronology,	Ecology,	and	Hominin	Behavior:	Insights	from	Ain	Hanech	and	El-Kherba,	Northeastern	Algeria.‰Û�	Quaternary	International	223-224:	436‰ÛÒ438.	doi:10.1016/j.quaint.2009.07.016.	
http://dx.doi.org/10.1016/j.quaint.2009.07.016.	

Africa	
North	
Africa	 33.570291	 -7.700772	

Thomas	
Quarry	 Mode	2	 0	 400	 0	 1	 1	 0	 fauna	 2	

excavat
ed	 2	 geol;	paleomag;	fauna	

Africa	
North	
Africa	 33.570291	 -7.700772	

Rhinocerous	
Cave	 Mode	2	 0	 3485	 0	 0.5	 0.5	 0	

OSL;	ESR;	
U-series	 1	

excavat
ed	 1	

Raynal,	Jean	Paul.,	Fatima	Zohra	Sbihi	Alaoui,	Denis	Geraads,	Lionel	Magoga,	and	A.	Mohi.	2001.	‰ÛÏThe	Earliest	Occupation	of	North-Africa:	The	Moroccan	Perspective.‰Û�	Quaternary	International	75	(1)	(January):	65‰ÛÒ75.	doi:10.1016/S1040-6182(00)00078-1.	
http://linkinghub.elsevier.com/retrieve/pii/S1040618200000781.	

Africa	
North	
Africa	 33.570291	 -7.700772	

Homind	
Cave	 Mode	2	 0	 213	 0	 0.5	 0.4	 0.1	

OSL;	ESR;	
laser-
ablation	
ICP-MS	 1	

excavat
ed	 1	

Raynal,	Jean-paul,	Fatima-zohra	Sbihi-alaoui,	Abderrahim	Mohib,	Mosshine	El,	David	LefÌ¬vre,	Jean-pierre	Texier,	Denis	Geraads,	et	al.	2010.	‰ÛÏHominid	Cave	at	Thomas	Quarry	I	(Casablanca,	Morocco	):	Recent	Findings	and	Their	Context.‰Û�	Quaternary	International	223-224:	369‰ÛÒ382.	
doi:10.1016/j.quaint.2010.03.011.	http://dx.doi.org/10.1016/j.quaint.2010.03.011.	

Africa	
North	
Africa	 36.360155	 6.642433	 Mansourah	 Mode	1	 0	 200	 1	 1.8	 1	 0.8	 fauna	 4	

excavat
ed	 3	 Chaid-Saoudi,	Yasmina,	Denis	Geraads,	and	Jean-Paul	Raynal.	2006.	‰ÛÏThe	Fauna	and	Associated	Artefacts	from	the	Lower	Pleistocene	Site	of	Mansourah	(Constantine,	Algeria).‰Û�	Comptes	Rendus	Palevol	5:	963‰ÛÒ971.	doi:10.1016/j.crpv.2006.08.001.	

Africa	
North	
Africa	 35.415434	 0.329645	 Tighenif	 Mode	2	 0	 2200	 1	 0.7	 0.7	 0	

fauna;	
paleoma
g	 4	

excavat
ed	 3	

Geraads,	Denis,	Jean-Jacques	Hublin,	Jean-Jacques	Jaeger,	Haiyan	Tong,	Sevket	Sen,	and	Philippe	Toubeau.	1986.	‰ÛÏThe	Pleistocene	Hominid	Site	of	Ternifine,	Algeria:	New	Results	on	the	Environment,	Age,	and	Human	Industries.‰Û�	Quaternary	Research	25:	380‰ÛÒ386.	doi:10.1016/0033-
5894(86)90008-6.	

Africa	
South	
Africa	

-
26.017298	 27.733698	 Sterkfontein	 Mode	1	 0	 3500	 0	 2.1	 2.1	 0	 ESR	 1	

excavat
ed	 1	 Kuman,	Kathleen,	and	Ronald	J.	Clarke.	2000.	‰ÛÏStratigraphy,	Artefact	Industries	and	Hominid	Associations	for	Sterkfontein,	Member	5.‰Û�	Journal	of	Human	Evolution	38:	827‰ÛÒ847.	doi:10.1006/jhev.1999.0392.	

Africa	
South	
Africa	

-
26.017298	 27.733698	 Sterkfontein	 Mode	2	 0	 635	 0	 1.5	 1.5	 0	 fauna	 1	

excavat
ed	 1	 Kuman,	Kathleen.	2003.	‰ÛÏThe	Earliest	South	African	Industries.‰Û�	In	Early	Human	Behaviour	in	Global	Context:	The	Rise	and	Diversity	of	the	Lower	Paleolithic	Period,	edited	by	Michael	D.	Petraglia	and	Ravi	Korisettar,	151‰ÛÒ86.	London	and	New	York:	Routledge.	

Africa	
South	
Africa	

-
26.019091	 27.718892	 Swartkrans	 Mode	1	 0	 1000	 0	

1.8
2	 1.8	 0.02	

U/Pb,	
ESR,	
fauna	 1	

excavat
ed	 1	

Pickering,	Travis	Rayne,	Jason	L.	Heaton,	Ronald	J.	Clarke,	Morris	B.	Sutton,	C.	K.	Brain,	and	Kathleen	Kuman.	2012.	‰ÛÏNew	Hominid	Fossils	from	Member	1	of	the	Swartkrans	Formation,	South	Africa.‰Û�	Journal	of	Human	Evolution	62	(5):	618‰ÛÒ628.	doi:10.1016/j.jhevol.2012.02.003.	
http://dx.doi.org/10.1016/j.jhevol.2012.02.003.	



Appendix B 

307 

Africa	
South	
Africa	

-
26.011388	 27.749722	 Kromdraai	 Mode	2	 0	 100	 0	

1.8
2	 1.8	 0.02	

fauna;		
isochron	
burial	
dating	
with	
cosmoge
nic	
aluminiu
m-26	and	
beryllium
-10	 3	

excavat
ed	 2	 Kuman,	Kathleen,	Scott	A	Field,	and	J.	Francis	Thackeray.	1997.	‰ÛÏDiscovery	of	New	Artefacts	at	Kromdraai.‰Û�	South	African	Journal	of	Science	93:	187‰ÛÒ93.	

Africa	
South	
Africa	

-
30.083333	 18.25	

Elandsfontei
n	 Mode	2	 0	 160	 0	 0.7	 0.4	 0.3	

fauna;	
palaeom
ag	 2	

excavat
ed	 2	

Klein,	Richard	G.,	Graham	Avery,	Kathryn	Cruz-Uribe,	and	Teresa	E.	Steele.	2007.	‰ÛÏThe	Mammalian	Fauna	Associated	with	an	Archaic	Hominin	Skullcap	and	Later	Acheulean	Artifacts	at	Elandsfontein,	Western	Cape	Province,	South	Africa.‰Û�	Journal	of	Human	Evolution	52	(2):	164‰ÛÒ86.	
doi:10.1016/j.jhevol.2006.08.006.	

Africa	
South	
Africa	

-
25.966897	 27.652069	 Maropeng	 Mode	2	 0	 200	 0	 1.1	 1	 0.1	 tech	 4	

excavat
ed	 3	 Pollarolo,	Luca,	George	J.	Susino,	Kathleen	Kuman,	and	Laurent	Bruxelles.	2010.	‰ÛÏAcheulian	Artefacts	at	Maropeng	in	the	Cradle	of	Humankind	World	Heritage	Site,	Guateng	Province,	South	Africa.‰Û�	South	African	Archaeological	Bulletin	65	(191):	3‰ÛÒ12.	

Africa	
South	
Africa	

-
28.304664	 24.678669	

lower	Vaal	
River	Basin	 Mode	2	 0	 465	 0	

1.5
7	 1.57	 0	 Al/Be	 1	

excavat
ed	 1	

Gibbon,	Ryan	J.,	Darryl	E.	Granger,	Kathleen	Kuman,	and	Timothy	C.	Partridge.	2009.	‰ÛÏEarly	Acheulean	Technology	in	the	Rietputs	Formation,	South	Africa,	Dated	with	Cosmogenic	Nuclides.‰Û�	Journal	of	Human	Evolution	56	(2):	152‰ÛÒ160.	doi:10.1016/j.jhevol.2008.09.006.	
http://dx.doi.org/10.1016/j.jhevol.2008.09.006.	

Asia	 Anatolia	 38.245128	 31.915283	 Dursunlu	 Mode	1	 0	 135	 0	
0.9
9	 0.79	 0.2	

paleoma
g;	fauna	 2	

semi-
excavat
ed	 2	 GÌ_leÌ¤,	Erksin,	Tim	White,	Steven	Kuhn,	Ismail	ÌÐzer,	Mehmet	Sa‚¤€±r,	Hakan	Y€±lmax,	and	Clark	Howell.	2009.	‰ÛÏThe	Lower	Pleistocene	Lithic	Assemblage	from	Dursunlu	(	Konya	),	Central	Anatolia	,	Turkey.‰Û�	Antiquity	83:	11‰ÛÒ22.	

Asia	 Anatolia	 41.050827	 28.746037	
Yar€±mburg
az	Cave	

flake	
industri
es	 0	 1700	 0	

0.7
8	 0.12	 0.66	

ESR;	
fauna	 2	

excavat
ed	 3	

Kuhn,	Steven	L,	and	Mary	C	Stiner.	2010.	‰ÛÏCulture	and	Biology	in	Transition:	Summary	of	Findings	and	Conclusion.‰Û�	In	Culture	and	Biology	at	a	Crossroads:	The	Middle	Pleistocene	Record	of	Yarimburgaz	Cave	(Thrace,	Turkey),	edited	by	F.	Clark	Howell,	GÌ_ven	ArsebÌ_k,	Steven	L.	Kuhn,	
ÌÐzba�Ùaran	Mihriban,	and	Mary	C.	Stiner.	Istanbul:	Ege	Yayinlari.	

Asia	 Anatolia	 37.076481	 30.570831	 Karain	Cave	

flake	
industri
es	 0	 1000	 0	 0.4	 0.3	 0.1	 geol	 2	

excavat
ed	 2	 Otte,	M,	I	YalÌ¤inkaya,	J	Kozlowski,	O	Bar-Yosef,	I	Lopez	BayÌ_n,	and	H	Taskiran.	1998.	‰ÛÏLong-Term	Technical	Evolution	and	Human	Remains	in	the	Anatolian	Palaeolithic.‰Û�	Journal	of	Human	Evolution	34:	413‰ÛÒ431.	

Asia	 Anatolia	 38.281784	
34.571294

97	
Kaletepe	
Deresi	3	 Mode	2	 0	 2681	 0	

1.4
8	 0.44	 1.04	

fission-
track,	
K/Ar	 1	

excavat
ed	 3	

Slimak,	Ludovic,	HÌ©lÌ¬ne	Roche,	Damase	Mouralis,	Hijlke	Buitenhuis,	Nur	Balkan-Atli,	Didier	Binder,	Catherine	Kuzucuo‚¤lu,	and	Michel	Grenet.	2004.	‰ÛÏKalatepe	Deresi	3	(Turquie),	Aspects	ArchÌ©ologiques,	Chronologiques	et	PalÌ©ontologiques	D‰Ûªune	SÌ©quence	PlÌ©istocÌ¬ne	En	Anatolie	
Centrale.‰Û�	Comptes	Rendus	-	Palevol	3:	411‰ÛÒ420.	doi:10.1016/j.crpv.2004.04.005.	

Asia	 Anatolia	 37.85453	 29.361642	 Kocaba�Ù	

homini
n	
remains	 1	 0	

	
1.3	 1.1	 0.2	 Ar/Ar	 1	 surface	 3	

Kappelman,	John,	Mehmet	Cihat	AlÌ¤iÌ¤ek,	Nizamettin	Kazanc€±,	Michael	Schultz,	Mehmet	ÌÐzkul,	and	�_evket	�_en.	2008.	‰ÛÏBrief	Communication:	First	Homo	Erectus	from	Turkey	and	Implications	for	Migrations	into	Temperate	Eurasia.‰Û�	American	Journal	of	Physical	Anthropology	135:	
110‰ÛÒ116.	doi:10.1002/ajpa.	Lebatard,	Anne-Elisabeth,	M.	Cihat	AlÌ¤iÌ¤ek,	Pierre	Rochette,	Samir	Khatib,	AmÌ©lie	Vialet,	Nicolas	Boulbes,	Didier	L.	BourlÌ¬s,	et	al.	2014.	‰ÛÏDating	the	Homo	Erectus	Bearing	Travertine	from	Kocaba�Ù	(Denizli,	Turkey)	at	at	Least	1.1	Ma.‰Û�	Earth	and	
Planetary	Science	Letters	390	(March):	8‰ÛÒ18.	doi:10.1016/j.epsl.2013.12.031.	http://linkinghub.elsevier.com/retrieve/pii/S0012821X13007462.	

Asia	 Anatolia	 38.430679	
28.718520

38	 Gediz	River	 Mode	1	 1	 1	 1	
1.2
4	 1.17	 0.07	

Ar/Ar,	
geol	 1	 surface	 3	

Maddy,	Darrel,	Danielle	Schreve,	Tuncer	Demir,	A.	Tom	Veldkamp,	Jan	R.	Wijbrans,	Wouter	Van	Gorp,	Douwe	J.	J.	Van	Hinsbergen,	et	al.	2015.	‰ÛÏThe	Earliest	Securely-Dated	Hominin	Artefact	in	Anatolia	?‰Û�	Quaternary	Science	Reviews	109:	68‰ÛÒ75.	doi:10.1016/j.quascirev.2014.11.021.	
http://dx.doi.org/10.1016/j.quascirev.2014.11.021.	

Asia	 Arabia	 30.309843	 40.195111	
Shuwayhitiy
ah	 Mode	1	 1	 1517	 1	

0.7
8	 0.12	 0.66	 tech	 4	 surface	 3	 Petraglia,	Michael	D.	2003.	‰ÛÏThe	Lower	Paleolithic	of	the	Arabian	Peninsula:	Occupations	,	Adaptations,	and	Dispersals.‰Û�	Journal	of	World	Prehistory	17	(2):	141‰ÛÒ179.	

Asia	 Arabia	 21.55841	 39.190155	
Wadi	
Fatimah	 Mode	2	 0	 2227	 1	

0.7
8	 0.12	 0.66	 tech	 4	 surface	 3	 Petraglia,	Michael	D.	2003.	‰ÛÏThe	Lower	Paleolithic	of	the	Arabian	Peninsula:	Occupations	,	Adaptations,	and	Dispersals.‰Û�	Journal	of	World	Prehistory	17	(2):	141‰ÛÒ179.	

Asia	 Arabia	 24.5167	 44.418179	 Dawadmi	 Mode	2	 0	 2444	 0	
0.6
1	

0.20
4	

0.40
6	 U/Th	 1	 surface	 3	 Petraglia,	Michael	D.	2003.	‰ÛÏThe	Lower	Paleolithic	of	the	Arabian	Peninsula:	Occupations	,	Adaptations,	and	Dispersals.‰Û�	Journal	of	World	Prehistory	17	(2):	141‰ÛÒ179.	

Asia	 Caucasu 41.329805	 44.207312	 Dmanisi	 Mode	1	 0	 4446	 0	 1.7 1.77	 0	 mag,	 1	 excavat 1	 Delumley,	H,	M	Nioradze,	Deborah	Barsky,	Dominique	Cauche,	Vincenzo	Celiberti,	G	Nioradze,	Olivier	Notter,	et	al.	2005.	‰ÛÏLes	Industries	Lithiques	PrÌ©oldowayennes	Du	DÌ©but	Du	PlÌ©istocÌ¬ne	InfÌ©rieur	Du	Site	de	Dmanissi	En	GÌ©orgie.‰Û�	L‰ÛªAnthropologie	109	(1)	(January):	
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s	 7	 fauna	 ed	 1‰ÛÒ182.	doi:10.1016/j.anthro.2005.02.011.	http://linkinghub.elsevier.com/retrieve/pii/S0003552105000129.	

Asia	
Caucasu
s	 42.861171	 44.461617	 Weasel	Cave	 Mode	2	 1	 10	 1	 0.6	 0.5	 0.1	

Ar/Ar,	
fauna	 3	

excavat
ed	 3	 Hidjrati,	Nazim	I.,	Larry	R.	Kimball,	and	Todd	Koetje.	2003.	‰ÛÏMiddle	and	Late	Pleistocene	Investigations	of	Myshtulagty	Lagat	(Weasel	Cave)	North	Ossetia,	Russia.‰Û�	Antiquity	Project	Gallery.	http://antiquity.ac.uk/projgall/hidjrati/.	

Asia	
Caucasu
s	 42.05	 48.27	 Darvagchai	I	

flake	
industri
es	 0	 1000	 0	 0.8	 0.6	 0.2	

fauna,	
geol	 4	

excavat
ed	 3	

Derevianko,	Anatoli	P.	2006.	‰ÛÏThe	Lower	Paleolithic	Small	Tool	Industry	in	Eurasia:	Migration	or	Convergent	Evolution?‰Û�	Archaeology,	Ethnology	and	Anthropology	of	Eurasia	25	(25):	2‰ÛÒ32.	doi:10.1134/S1563011006010014.	
http://www.springerlink.com/index/10.1134/S1563011006010014.	

Asia	
Caucasu
s	 42.369607	 47.218216	 Aynikab	1	 Mode	1	 0	 1850	 0	 1.5	 1.4	 0.1	

fauna,	
geol	 4	

excavat
ed	 3	

Taymazov,	Artur.	2011.	‰ÛÏ_Ê_�_�_�_÷_¥	_Ù_�_Ý_¥___Ý_÷_¢_÷_¤_¥_Á___÷_¥	_÷_�_Ó_£_Á_¢_Ê_÷_÷	_Ó___Ý_÷_�_Ç	_Ê_¥___÷	_£_Á_÷_¬_�	(WTYNHFKMYSBí		_Ó_�_Ò_¥_Á_¢_�_�)(Early	Paleolithic	Industries	from	Usisha	River	Valley,	Central	Dagestan).‰Û�	_�_�_£_¤_�_Ç_¥	
_Ù_Ê___Ô_Ý_¥_Ï_Ç	_Ò_£_Ï_�_�_÷_¢_�_Ê_�_Ç_´	_÷_Á_Á_Ý_¥_Ó___Õ_�_�_÷_ª	11:	69‰ÛÒ.	

Asia	
Caucasu
s	 43.73	 41.01	

Treugol'nay
a	Cave	

flake	
industri
es	 0	 405	 0	 0.5	 0.5	 0	 ESR	 1	

excavat
ed	 1	 Doronichev,	Vladimir	B.	2008.	‰ÛÏThe	Lower	Paleolithic	in	Eastern	Europe	and	the	Caucasus:	A	Reappraisal	of	the	Data	and	New	Approaches.‰Û�	PaleoAnthropology:	107‰ÛÒ157.	

Asia	
Caucasu
s	

41.416666
6	 44.466666	 Akhalkalaki	 Mode	2	 1	 20	 0	

0.9
8	 0.78	 0.2	

fauna;	
paleoma
g	 4	

disturbe
d	
context	 3	 Tappen,	Martha,	Daniel	S.	Adler,	Reid	Ferring,	M.	Gabunia,	Abesalom	Vekua,	and	Carl	C.	Swisher	III.	2002.	‰ÛÏAkhalkalaki:	The	Taphonomy	of	an	Early	Pleistocene	Locality	in	the	Republic	of	Georgia.‰Û�	Journal	of	Archaeological	Science	29	(12):	1367‰ÛÒ91.	doi:10.1006/jasc.2001.0797.	

Asia	
Caucasu
s	

42.516666
6	 43.633333	 Kudaro	 Mode	2	 1	 11	 1	

0.5
6	 0.56	 0	 TL	 3	

excavat
ed	 3	 Ljubin,	Vassilij	P.,	and	Gerhard	Bosinski.	1995.	‰ÛÏThe	Earliest	Occupation	of	the	Caucasus	Region.‰Û�	Analecta	Praehistorica	Leidensia	27:	207‰ÛÒ53.	http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:The+earliest+occupation+of+the+Caucasus+region#0.	

Asia	
Caucasu
s	

39.620555
5	

46.978333
33	 Azykh	 Mode	1	 1	 200	 1	

0.7
8	 0.78	 0	

paleoma
g	 4	

excavat
ed	 3	 Ljubin,	Vassilij	P.,	and	Gerhard	Bosinski.	1995.	‰ÛÏThe	Earliest	Occupation	of	the	Caucasus	Region.‰Û�	Analecta	Praehistorica	Leidensia	27:	207‰ÛÒ53.	http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:The+earliest+occupation+of+the+Caucasus+region#0.	

Asia	
Central	
Asia	 43.375456	 68.489645	

Koshkurgan	
1‰ÛÒ2	

flake	
industri
es	 1	 504	 0	 0.5	 0.25	 0.25	 ESR	 2	

excavat
ed	 2	

Derevianko,	Anatoli	P.	2006.	‰ÛÏThe	Lower	Paleolithic	Small	Tool	Industry	in	Eurasia:	Migration	or	Convergent	Evolution?‰Û�	Archaeology,	Ethnology	and	Anthropology	of	Eurasia	25	(25):	2‰ÛÒ32.	doi:10.1134/S1563011006010014.	
http://www.springerlink.com/index/10.1134/S1563011006010014.	

Asia	
Central	
Asia	 43.375456	 68.489645	

Shoktas	
1‰ÛÒ3	

flake	
industri
es	 1	 549	 0	 0.5	 0.45	 0.05	

ESR;	
fauna	 2	

excavat
ed	 2	

Derevianko,	Anatoli	P.	2006.	‰ÛÏThe	Lower	Paleolithic	Small	Tool	Industry	in	Eurasia:	Migration	or	Convergent	Evolution?‰Û�	Archaeology,	Ethnology	and	Anthropology	of	Eurasia	25	(25):	2‰ÛÒ32.	doi:10.1134/S1563011006010014.	
http://www.springerlink.com/index/10.1134/S1563011006010014.	

Asia	
Central	
Asia	 38.274746	 69.89101	 Kul‰Ûªdara	 Mode	1	 1	 96	 1	 0.9	 0.8	 0.1	

paleoma
g	 3	

excavat
ed	 2	 Ranov,	Vadim	a.,	Eudald	Carbonell,	and	Xose	Pedro	Rodriguez.	1995.	‰ÛÏKuldara:	Earliest	Human	Occupation	in	Central	Asia	in	Its	Afro-Asian	Context.‰Û�	Current	Anthropology	36	(2):	337.	doi:10.1086/204366.	

Asia	
Central	
Asia	 37.333333	 69.25	

Karatau	and	
Lakhuti	 Mode	1	 0	 600	 0	 0.6	 0.5	 0.1	

geol;	
paleoma
g	 3	

excavat
ed	 2	 Davis,	Richard	S,	and	Vadim	A	Ranov.	1999.	‰ÛÏRecent	Work	on	the	Paleolithic	of	Central	Asia.‰Û�	Evolutionary	Anthropology	8	(5):	186‰ÛÒ193.	

Asia	
Central	
Asia	 33.800108	 47.062919	

Mar	
Gwergalan	 Mode	1	 1	 22	 0	

0.7
8	 0.12	 0.66	 tech	 4	 surface	 3	

Davoudi,	D.,	B.	Bazgir,	R.	Abbasnejad,	D.	Barsky,	A.	Oll??,	and	M.	Otte.	2015.	‰ÛÏThe	Lower	Paleolithic	of	Iran:	Probing	New	Finds	from	Mar	Gwergalan	Cave	(Holeylan,	Central	Zagros).‰Û�	Archaeology,	Ethnology	and	Anthropology	of	Eurasia	43	(1).	Elsevier	Srl:	3‰ÛÒ15.	
doi:10.1016/j.aeae.2015.07.002.	

Asia	
Central	
Asia	 41.54	 69.35	 Kyzyltau	 Mode	1	 1	 10000	 1	 1	 0.78	 0.22	 geol	 4	 surface	 3	

Taimagambetov,	Zhaken	Kozhakhmetovich,	Saya	B.	Alipova,	Nazgul	Kazhymuratovna	Baigabatova,	and	Gulzhan	Bolegenovna	Tleubekova.	2013.	‰ÛÏStudies	of	the	Stone	Industry	at	the	Kyzyltau	Lower	Palaeolithic	Site	Of	Southern	Kazakhstan	in	Eurasia.‰Û�	Middle-East	Journal	of	Scientific	
Research	13	(5):	686‰ÛÒ692.	doi:10.5829/idosi.mejsr.2013.13.5.1939.	

Asia	
Central	
Asia	 51.3976	 84.6762	

Denisova	
Cave	(units	
22-21)	

flake	
industri
es	 0	 157	 0	

0.2
8	 0.13	 0.15	 TL	 3	

excavat
ed	 2	 Derevianko,	Anatoli	P.,	and	Michael	V.	Shunkov.	2009.	‰ÛÏDevelopment	of	Early	Human	Culture	in	Northern	Asia.‰Û�	Paleontological	Journal	43	(8):	881‰ÛÒ89.	doi:10.1134/S0031030109080061.	

Asia	
East	
Asia	

44.712027
78	

101.17038
89	

Tsagaan	
Agui	 Mode	1	 1	 5	 1	

0.7
8	 0.12	 0.66	 RTL	 4	

excavat
ed	 3	 Derevianko,	Anatoli	P.,	J.	W.	Olsen,	D.	Tseveendorj,	A.	I.	Krivoshapkin,	V.	T.	Petrin,	and	P.	Jeffrey	Brantingham.	2000.	‰ÛÏThe	Stratified	Cave	Site	of	Tsagaan	Agui	in	the	Gobi	Altai	(Mongolia).‰Û�	Archaeology,	Ethnology	and	Anthropology	of	Eurasia	1:	23‰ÛÒ36.	

Asia	
East	
Asia	

40.222777
78	

114.66972
22	 Donggutuo	 Mode	1	 0	 1571	 0	 1.1	 1.1	 0	

paleoma
g	 2	

excavat
ed	 2	 Hou,	Yamei.	2008.	‰ÛÏLe	åÇ	NuclÌ©us	Donggutuo	åÈ	et	Sa	Signification	Dans	L‰Ûªindustrie	Du	PalÌ©olithique	InfÌ©rieur	de	Donggutuo,	Bassin	de	Nihewan,	Chine	Du	Nord.‰Û�	L‰ÛªAnthropologie	112	(3):	457‰ÛÒ71.	doi:http://dx.doi.org/10.1016/j.anthro.2008.04.004.	

Asia	
East	
Asia	

40.250833
33	

114.66888
8	 Shangshazui	 Mode	1	 0	 24	 0	 1.7	 1.6	 0.1	

paleoma
g	 2	

excavat
ed	 3	 Ao,	Hong,	Mark	J	Dekkers,	Qi	Wei,	Xiaoke	Qiang,	and	Guoqiao	Xiao.	2013.	‰ÛÏNew	Evidence	for	Early	Presence	of	Hominids	in	North	China.‰Û�	Scientific	Reports	3:	2403.	doi:10.1038/srep02403.	
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Asia	
East	
Asia	

32.673333
33	

111.12194
4	 Shuangshu	 Mode	2	 0	 676	 0	 0.8	 0.7	 0.1	

ESR;	
paleoma
g	 2	

excavat
ed	 2	

Li,	Hao,	Chao-rong	Li,	Kathleen	Kuman,	Jie	Cheng,	Hai-tao	Yao,	and	Zhao	Li.	2014.	‰ÛÏThe	Middle	Pleistocene	Handaxe	Site	of	Shuangshu	in	the	Danjiangkou	Reservoir	Region,	Central	China.‰Û�	Journal	of	Archaeological	Science	52:	391‰ÛÒ409.	doi:10.1016/j.jas.2014.08.033.	
http://dx.doi.org/10.1016/j.jas.2014.08.033.	

Asia	
East	
Asia	

40.216810
28	

114.65023
44	 Majuangou	 Mode	1	 0	 865	 0	

1.6
6	 1.32	 0.34	

paleoma
g	 2	

excavat
ed	 2	 Zhu,	R.	X.,	R.	Potts,	F.	Xie,	K.	A.	Hoffman,	C.	L.	Deng,	C.	D.	Shi,	Y.	X.	Pan,	et	al.	2004.	‰ÛÏNew	Evidence	on	the	Earliest	Human	Presence	at	High	Northern	Latitudes	in	Northeast	Asia.‰Û�	Nature	431:	559‰ÛÒ562.	

Asia	
East	
Asia	

41.216666
67	

114.66666
67	 Goudi	 Mode	1	 0	 50	

	

1.6
6	 1.36	 0.3	 geol	 4	

excavat
ed	 3	 Gao,	Xing,	Qi	Wei,	Chen	Shen,	and	Susan	G.	Keates.	2005.	‰ÛÏLight	on	the	Earliest	Hominid	Ocupation	in	East	Asia.‰Û�	Current	Anthropology	46	(December	S5):	S115‰ÛÒ120.	

Asia	
East	
Asia	

40.216701
67	

114.65017
31	 Xiantai	 Mode	1	 0	 33	 1	

1.3
6	 1.36	 0	 geol	 4	

excavat
ed	 3	

Deng,	Chenglong,	Qi	Wei,	Rixiang	Zhu,	Hongqiang	Wang,	Rui	Zhang,	Hong	Ao,	Liao	Chang,	and	Yongxin	Pan.	2006.	‰ÛÏMagnetostratigraphic	Age	of	the	Xiantai	Paleolithic	Site	in	the	Nihewan	Basin	and	Implications	for	Early	Human	Colonization	of	Northeast	Asia.‰Û�	Earth	and	Planetary	Science	
Letters	244:	336‰ÛÒ48.	doi:10.1016/j.epsl.2006.02.001.	

Asia	
East	
Asia	

30.066666
67	

109.01666
67	

Longgupo	
Cave	 Mode	1	 0	 2	 1	

1.9
6	 1.78	 0.18	

ESR;	
paleoma
g;	fauna	 2	

excavat
ed	 3	 Weiwen,	Huang,	and	Zhang	Pu.	2007.	‰ÛÏLes	plus	Anciennes	Occupations	Humaines	En	Chine.‰Û�	L‰ÛªAnthropologie	111	(2)	(April):	166‰ÛÒ181.	doi:10.1016/j.anthro.2007.03.001.	http://linkinghub.elsevier.com/retrieve/pii/S0003552107000076.	

Asia	
East	
Asia	 34.18375	

109.48991
67	

Gongwangli
ng	 Mode	1	 0	 200	 0	

1.6
2	 1.62	 0	

paleoma
g	 3	 surface	 3	

Feng,	Xiaobo.	2008.	‰ÛÏStratÌ©gie	de	DÌ©bitage	et	Mode	de	FaÌ¤onnage	Des	Industries	Du	PalÌ©olithique	InfÌ©rieur	En	Chine	et	En	Europe	Entre	1	Ma	et	400	000	Ans:	Ressemblances	et	DiffÌ©rences	de	La	Culture	de	L‰Ûªhomme	de	Yunxian	et	AcheulÌ©en	EuropÌ©en.‰Û�	
L‰ÛªAnthropologie	112	(3):	423‰ÛÒ47.	doi:http://dx.doi.org/10.1016/j.anthro.2008.04.014.	

Asia	
East	
Asia	

40.216810
28	

114.65023
44	

Xiaochanglia
ng	 Mode	1	 1	 3925	 0	

1.3
4	 1.34	 0	

paleoma
g;	fauna	 3	

excavat
ed	but	
not	3d	 3	 Chen,	Shen,	and	Chen	Chun.	2003.	‰ÛÏNew	Evidence	of	Homind	Behaviour	from	Xiaochangliang,	Northern	China:	Site	Formation	and	Lithic	Technology.‰Û�	In	Current	Research	in	Chinese	Pleistocene	Archaeology,	edited	by	Chen	Shen	and	Susan	G.	Keates,	67‰ÛÒ83.	Oxford:	Archaeopress.	

Asia	
East	
Asia	

40.216810
28	

114.65023
44	 Maliang	 Mode	1	 0	 200	 0	

0.7
8	 0.78	 0	

paleoma
g	 3	

excavat
ed	 2	 Wang,	Hongqiang,	Chenglong	Deng,	Rixiang	Zhu,	Qi	Wei,	Yamei	Hou,	and	Eric	BoÌÇda.	2005.	‰ÛÏMagnetostratigraphic	Dating	of	the	Donggutuo	and	Maliang	Paleolithic	Sites	in	the	Nihewan	Basin,	North	China.‰Û�	Quaternary	Research	64:	1‰ÛÒ11.	doi:10.1016/j.yqres.2005.04.001.	

Asia	
East	
Asia	

34.116666
67	

110.11666
67	 Xihoudu	 Mode	1	 0	 32	 1	

1.2
7	 1.27	 0	

paleoma
g	 3	

excavat
ed	 3	 Zhu,	Rixiang,	Zhisheng	An,	Richard	Potts,	and	Kenneth	a.	Hoffman.	2003.	‰ÛÏMagnetostratigraphic	Dating	of	Early	Humans	in	China.‰Û�	Earth-Science	Reviews	61:	341‰ÛÒ59.	doi:10.1016/S0012-8252(02)00132-0.	

Asia	
East	
Asia	

23.820833
33	

106.63472
22	 Bose	Basin	 Mode	2	 0	 991	 0	 0.8	 0.8	 0	

Fission-
track,	
Ar/Ar	 2	

excavat
ed	 2	 Xie,	Guang	M.,	and	Ìärika	Bodin.	2007.	‰ÛÏLes	Industries	PalÌ©olithiques	Du	Bassin	de	Bose	(Chine	Du	Sud).‰Û�	Anthropologie	111:	182‰ÛÒ206.	doi:10.1016/j.anthro.2007.03.002.	

Asia	
East	
Asia	 34.0675	

110.05166
67	

Luonan	
Basin	 Mode	2	 0	 90000	 0	

0.7
8	 0.78	 0	

paleoma
g;	OSL	 3	 surface	 2	

Lu,	Huayu,	Hongyan	Zhang,	Shejiang	Wang,	Richard	Cosgrove,	Xuefeng	Sun,	Jun	Zhao,	Donghuai	Sun,	Cunfa	Zhao,	Chen	Shen,	and	Ming	Wei.	2011.	‰ÛÏMultiphase	Timing	of	Hominin	Occupations	and	the	Paleoenvironment	in	Luonan	Basin,	Central	China.‰Û�	Quaternary	Research	76	(1).	
University	of	Washington:	142‰ÛÒ47.	doi:http://dx.doi.org/10.1016/j.yqres.2011.04.001.	

Asia	
East	
Asia	

32.673333
33	

111.12194
44	 Shuangshu	 Mode	2	 0	 706	 0	 0.6	 0.5	 0.1	

paleoma
g,	fauna	 3	

excavat
ed	 2	 Li,	Hao,	Chao-rong	Li,	Kathleen	Kuman,	Jie	Cheng,	Hai-tao	Yao,	and	Zhao	Li.	2014.	‰ÛÏThe	Middle	Pleistocene	Handaxe	Site	of	Shuangshu	in	the	Danjiangkou	Reservoir	Region,	Central	China.‰Û�	Journal	of	Archaeological	Science	52.	Elsevier	Ltd:	391‰ÛÒ409.	doi:10.1016/j.jas.2014.08.033.	

Asia	
East	
Asia	 25.75	

101.91666
6	 Yuanmou	 Mode	1	 0	 22	 1	 1.7	 0.6	 1.1	

geol;	
fauna;	
ERS;	
fission	
track;	
amino	
acid;	
paleoma
g	 3	

excavat
ed	 3	 Hou,	Y	M,	and	L	X	Zhao.	2010.	‰ÛÏAn	Archeological	View	for	the	Presence	of	Early	Humans	in	China.‰Û�	Quaternary	International	223‰ÛÒ224	(142).	Elsevier	Ltd	and	INQUA:	10‰ÛÒ19.	doi:10.1016/j.quaint.2009.09.025.	

Asia	
East	
Asia	

31.089722
2	 118.09611	 Renzidong	 Mode	1	 0	 59	 1	 2.4	 2.4	 0	 geol	 3	

excavat
ed	 2	 Hou,	Y	M,	and	L	X	Zhao.	2010.	‰ÛÏAn	Archeological	View	for	the	Presence	of	Early	Humans	in	China.‰Û�	Quaternary	International	223‰ÛÒ224	(142).	Elsevier	Ltd	and	INQUA:	10‰ÛÒ19.	doi:10.1016/j.quaint.2009.09.025.	

Asia	
East	
Asia	 30.654138	 110.07475	 Longgudong	 Mode	1	 0	 632	 1	 1	 1	 0	

paleoma
g;	fauna	 3	

excavat
ed	 2	 Hou,	Y	M,	and	L	X	Zhao.	2010.	‰ÛÏAn	Archeological	View	for	the	Presence	of	Early	Humans	in	China.‰Û�	Quaternary	International	223‰ÛÒ224	(142).	Elsevier	Ltd	and	INQUA:	10‰ÛÒ19.	doi:10.1016/j.quaint.2009.09.025.	
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Asia	
East	
Asia	

39.683333
3	

115.91666
6	

Zhoukoudia
n	Locality	1	

flake	
industri
es	 0	 17131	 0	

0.7
8	 0.68	 0.1	 Al/Be	 1	

excavat
ed	 1	 Shen,	Chen,	Xiaoling	Zhang,	and	Xing	Gao.	2016.	‰ÛÏZhoukoudian	in	Transition:	Research	History,	Lithic	Technologies,	and	Transformation	of	Chinese	Palaeolithic	Archaeology.‰Û�	Quaternary	International	400.	Elsevier	Ltd:	4‰ÛÒ13.	doi:10.1016/j.quaint.2015.10.001.	

Asia	
East	
Asia	 38.015436	

127.06641
7	

Imjin/Hanta
n	River	Basin	 Mode	2	 0	 5000	 0	

0.3
5	 0.35	 0	

tefra,	TL,	
OSL,	
fission	
track,	Al-
Be	 1	

excavat
ed	 1	 Norton,	Christopher	J,	Kidong	Bae,	John	W	K	Harris,	and	Hanyong	Lee.	2006.	‰ÛÏMiddle	Pleistocene	Handaxes	from	the	Korean	Peninsula.‰Û�	Journal	of	Human	Evolution	51	(5):	527‰ÛÒ36.	doi:10.1016/j.jhevol.2006.07.004.	

Asia	 Levant		 35.15	 38.81667	 AÌøn	al	Fil	 Mode	1	 0	 800	 0	 1.8	 1.8	 0	

fauna,	
paleoma
g	 1	

excavat
ed	 1	

Le	Tensorer,	Jean-Marie,	HÌ©lÌ¬ne	Le	Tensorer,	Pietro	Martini,	Vera	von	Falkenstein,	Peter	Schmid,	and	Juan	JosÌ©	Villalain.	2015.	‰ÛÏThe	Oldowan	Site	AÌøn	Al	Fil	(El	Kowm,	Syria)	and	the	First	Humans	of	the	Syrian	Desert.‰Û�	L‰ÛªAnthropologie	119	(5).	Elsevier	Masson	SAS:	581‰ÛÒ94.	
doi:10.1016/j.anthro.2015.10.009.	

Asia	 Levant		 33.077239	 35.454291	 Yiron	 Mode	1	 0	 10	 0	 2.4	 2.4	 0	 K/Ar	 2	
excavat
ed	 3	 Ronen,	Avraham.	2006.	‰ÛÏThe	Oldest	Human	Groups	in	the	Levant.‰Û�	Comptes	Rendus	-	Palevol	5:	343‰ÛÒ351.	doi:10.1016/j.crpv.2005.11.005.	

Asia	 Levant		 32.675037	 35.550041	 Ubeidiya	 Mode	2	 0	 7956	 0	 1.5	 1.5	 0	
mag;	
fauna	 1	

excavat
ed	 1	

Bar-Yosef,	Ofer.	1998.	‰ÛÏEarly	Colonisations	and	Cultural	Continuities	in	the	Lower	Palaeolithic	of	Western	Asia.‰Û�	In	Early	Human	Behaviour	in	Global	Context:	The	Rise	and	Diversity	of	the	Lower	Paleolithic	Period,	edited	by	Ravi	Korisettar	and	Michael	D.	Petraglia,	221‰ÛÒ279.	New	York:	
Routledge.	

Asia	 Levant		 32.99572	 35.626945	

Gesher	
Benot	
Yaaqov	 Mode	2	 0	 10000	 0	

0.7
8	 0.78	 0	

mag;	
fauna	 1	

excavat
ed	 1	 Goren-Inbar,	Naama,	Craig	S	Feibel,	Kenneth	L	Verosub,	Yoel	Melamed,	Mordechai	E	Kislev,	Eitan	Tchernov,	and	Idit	Saragusti.	2000.	‰ÛÏPleistocene	Milestones	on	the	out-of-Africa	Corridor	at	Gesher	Benot	Ya‰Ûªaqov,	Israel.‰Û�	Science	289:	944‰ÛÒ947.	doi:10.1126/science.289.5481.944.	

Asia	 Levant		 31.518972	 34.705467	
Bizat-
Ruhama	

flake	
industri
es	 0	 1000	 0	

0.9
9	 0.85	 0.14	

ESR;	
paleoma
g	 1	

excavat
ed	 1	 Zaidner,	Yossi,	Avraham	Ronen,	and	Jan	Micha�â	Burdukiewicz.	2003.	‰ÛÏL‰Ûªindustrie	Microlithique	Du	PalÌ©olithique	InfÌ©rieur	de	Bizat	Ruhama,	IsraÌÇl.‰Û�	L‰ÛªAnthropologie	107:	203‰ÛÒ222.	doi:10.1016/S0003-5521(03)00010-4.	

Asia	 Levant		 32.55	
35.116666

67	
Evron	
Quarry	

flake	
industri
es	 0	 383	 0	 1	 1	 0	

fauna;	
paleoma
g;	ESR;	TL	 1	

excavat
ed		 1	

Ron,	Hagai,	Naomi	Porat,	Avraham	Ronen,	Eitan	Tchernov,	and	Liora	K.	Horwitz.	2003.	‰ÛÏMagnetostratigraphy	of	the	Evron	Member	-	Implications	for	the	Age	of	the	Middle	Acheulian	Site	of	Evron	Quarry.‰Û�	Journal	of	Human	Evolution	44:	633‰ÛÒ639.	doi:10.1016/S0047-2484(03)00043-
5.	

Asia	 Levant		 34.999714	 36.635971	 Latamne	 Mode	2	 0	 3724	 0	 0.7	 0.5	 0.2	 fauna;	TL	 2	
excavat
ed	 2	 Bar‰Û�Yosef,	Ofer.	1994.	‰ÛÏThe	Lower	Paleolithic	of	the	Near	East.‰Û�	Journal	of	World	Prehistory	8	(3):	211‰ÛÒ265.	<Go	to	ISI>://A1994QB90100001.	

Asia	 Levant		 35.615369	 39.078369	 Hummal	 Mode	1	 0	 195	 0	 1.6	 1.2	 0.4	

K/Ar,	
fauna,	
geol	 2	

excavat
ed	 2	

Le	Tensorer,	Jean	Marie,	Vera	von	Falkenstein,	HÌ©lÌ¬ne	Le	Tensorer,	Peter	Schmid,	and	Sultan	Muhesen.	2011.	‰ÛÏÌätude	PrÌ©liminaire	Des	Industries	ArchaÌøques	de	FaciÌ¬s	Oldowayen	Du	Site	de	Hummal	(El	Kowm,	Syrie	Centrale).‰Û�	Anthropologie	115:	247‰ÛÒ266.	
doi:10.1016/j.anthro.2011.02.006.	

Asia	 Levant		 30.261591	 34.887085	 Nahal	Zihor	 Mode	2	 0	 40	 0	 1.4	 1.4	 0	 geol	 4	 surface	 3	 Ginat,	Hanan,	Ezra	Zilberman,	and	Idit	Saragusti.	2003.	‰ÛÏEarly	Pleistocene	Lake	Deposits	and	Lower	Paleolithic	Finds	in	Nahal	(wadi)	Zihor,	Southern	Negev	Desert,	Israel.‰Û�	Quaternary	Research	59:	445‰ÛÒ458.	doi:10.1016/S0033-5894(03)00029-2.	

Asia	 Levant		 32.648398	 35.567465	
Erq	el-
Ahmar	 Mode	1	 0	 10	 1	 1.8	 1.8	 0	

paleoma
g,	fauna	 4	 surface	 3	 Ron,	Hagai,	and	Shaul	Levi.	2001.	‰ÛÏWhen	Did	Hominids	First	Leave	Africa?:	New	High-Resolution	Magnetostratigraphy	from	the	Erk-El-Ahmar	Formation,	Israel.‰Û�	Geology	29	(10):	887‰ÛÒ890.	doi:10.1130/0091-7613(2001)‰ÛÜ029<0887:WDHFLA>‰ÛÜ2.0.CO;2.	

Asia	 Levant		 31.518972	 34.705467	 Nahal	Hesi	 Mode	2	 0	 1000	 0	
0.7
8	 0.12	 0.66	 geol	 4	

excavat
ed	 3	

Yeshurun,	Reuven,	Yossi	Zaidner,	VÌ©ra	Eisenmann,	B.	MartÌ_nez-Navarro	Bienvenido,	and	Guy	Bar-Oz.	2011.	‰ÛÏLower	Paleolithic	Hominin	Ecology	at	the	Fringe	of	the	Desert:	Faunal	Remains	from	Bizat	Ruhama	and	Nahal	Hesi,	Northern	Negev,	Israel.‰Û�	Journal	of	Human	Evolution	60:	
492‰ÛÒ507.	doi:10.1016/j.jhevol.2010.01.008.	

Asia	
North	
Asia	 51.942186	 85.971935	 Ulalinka	 Mode	1	 0	 10	 1	 0.4	 0.1	 0.3	 geol	 4	 surface	 3	 Okladnikov,	A.	P.,	and	G.	A	Pospelova.	1982.	‰ÛÏUlalinka,	the	Oldest	Palaeolithic	Site	in	Siberia.‰Û�	Current	Anthropology	23	(6):	710‰ÛÒ12.	

Asia	
North	
Asia	 51.500059	 84.501343	 Karama	 Mode	1	 0	 1000	 1	 0.8	 0.6	 0.2	

RTL,	
fauna	 2	

excavat
ed	 2	 Derevianko,	Anatoli	P.,	and	Michael	V.	Shunkov.	2009.	‰ÛÏDevelopment	of	Early	Human	Culture	in	Northern	Asia.‰Û�	Paleontological	Journal	43	(8)	(December	24):	881‰ÛÒ889.	doi:10.1134/S0031030109080061.	http://www.springerlink.com/index/10.1134/S0031030109080061.	

Asia	
North	
Asia	 55.833174	 84.952289	 Mokhovo	 Mode	1	 0	 9	 1	

0.3
4	 0.3	 0.04	

geol,	
fauna,	TL	 4	

excavat
ed	 3	 Derevianko,	Anatoli	P.,	and	Michael	V.	Shunkov.	2014.	‰ÛÏNorthern	and	Central	Asia:	Culture	During	the	Lower	Paleolithic	Era.‰Û�	In	Encyclopedia	of	Global	Archaeology,	edited	by	Claire	Smith,	5475-5489.	New	York:	Springer	New	York.	

Asia	
North	
Asia	 53.989606	 91.498947	 Razlog	2	 Mode	1	 0	 60	 0	

0.7
8	 0.12	 0.66	 archaeo	 4	 surface	 3	 Derevianko,	Anatoli	P.,	and	Michael	V.	Shunkov.	2014.	‰ÛÏNorthern	and	Central	Asia:	Culture	During	the	Lower	Paleolithic	Era.‰Û�	In	Encyclopedia	of	Global	Archaeology,	edited	by	Claire	Smith,	5475-5489.	New	York:	Springer	New	York.	
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Asia	
North	
Asia	 52.295042	

106.46301
3	 Zasukhino	 Mode	1	 0	 10	 1	

0.7
8	 0.12	 0.66	

geol,	
palaeom
ag,	RTL	 4	 surface	 3	 Derevianko,	Anatoli	P.,	and	Michael	V.	Shunkov.	2014.	‰ÛÏNorthern	and	Central	Asia:	Culture	During	the	Lower	Paleolithic	Era.‰Û�	In	Encyclopedia	of	Global	Archaeology,	edited	by	Claire	Smith,	5475-5489.	New	York:	Springer	New	York.	

Asia	
North	
Asia	 64.102667	

127.18266
7	

Diring	
Yuriakh	 Mode	1	 0	 5000	 1	 0.3	 0.3	 0	 TL	 2	

excavat
ed	 2	 Waters,	Michael	R.,	Steven	L.	Forman,	and	James	M.	Pierson.	1997.	‰ÛÏDiring	Yuriakh:	A	Lower	Paleolithic	Site	in	Central	Siberia.‰Û�	Science	275:	1281‰ÛÒ84.	doi:10.1126/science.275.5304.1281.	

Asia	
North	
Asia	 55.151709	 91.537539	

Berezhekov
o	 Mode	1	 0	 15	 1	 0.5	 0.13	 0.37	 geol;	TL	 4	

excavat
ed	 3	 Davis,	Richard	S.	1998.	‰ÛÏThe	Enisei	River	of	Central	Siberia	in	the	Late	Pleistocene.‰Û�	Journal	of	Archaeological	Research	6	(2):	169‰ÛÒ94.	doi:10.1007/BF02446163.	

Asia	
South	
Asia	 16.5	

76.483333
33	 Isampur	 Mode	2	 0	 15000	 0	

1.2
7	 0.73	 0.54	 ESR	 2	

excavat
ed	 3	

Paddayya,	K.,	B.	a	B	Blackwell,	R.	Jhaldiyal,	M.	D.	Petraglia,	S.	Fevrier,	D.	a.	Chaderton,	J.	I	B	Blickstein,	and	a.	R.	Skinner.	2002.	‰ÛÏRecent	Findings	on	the	Acheulian	of	the	Hunsgi	and	Baichbal	Valleys,	Karnataka,	with	Special	Reference	to	the	Isampur	Excavation	and	Its	Dating.‰Û�	Current	
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Dennell,	Robin	W.	2007.	‰ÛÏ‰Û÷Resource-Rich,	Stone-Poor‰Ûª:	Early	Hominin	Land	Use	in	Large	River	Systems	of	Northern	India	and	Pakistan.‰Û�	In	The	Evolution	and	History	of	Human	Populations	in	South	Asia,	edited	by	Michael	D.	Petraglia	and	Bridget	Allchin,	41‰ÛÒ68.	Amsterdam:	
Springer	Netherlands.	doi:10.1007/1-4020-5562-5.	
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Dennell,	Robin	W.	2007.	‰ÛÏ‰Û÷Resource-Rich,	Stone-Poor‰Ûª:	Early	Hominin	Land	Use	in	Large	River	Systems	of	Northern	India	and	Pakistan.‰Û�	In	The	Evolution	and	History	of	Human	Populations	in	South	Asia,	edited	by	Michael	D.	Petraglia	and	Bridget	Allchin,	41‰ÛÒ68.	Amsterdam:	
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0.7
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1.5
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0.7
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5	 1.45	 0	

geol;	
Ar/Ar	 3	

excavat
ed	 2	
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ed	 1	

Arzarello,	Marta,	Giulio	Pavia,	Carlo	Peretto,	Carmelo	Petronio,	and	Raffaele	Sardella.	2012.	‰ÛÏEvidence	of	an	Early	Pleistocene	Hominin	Presence	at	Pirro	Nord	(Apricena,	Foggia,	Southern	Italy):	P13	Site.‰Û�	Quaternary	International	267:	56‰ÛÒ61.	doi:10.1016/j.quaint.2011.01.042.	
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Carbonell,	Eudald,	Jordi	Estevez,	Salvador	Moya-Sola,	Joan	Pons-Moya,	Jordi	Agust€±,	and	Josep	F.	de	Villalta.	1981.	‰ÛÏCueva	Victoria	(Murcia,	EspaÌ±a):	Lugar	de	OcupaciÌ_n	Humana	MÌÁs	Antiguo	de	La	PenÌ_nsula	IbÌ©rica.‰Û�	Endins	8:	47‰ÛÒ57.	

http://ibdigital.uib.es/greenstone/collect/endins/import/Endins_1981v8/Endins_1981v8p047.pdf.	

Europe	

Med	

West	 41.121278	 1.180812	

Barranc	de	

la	Boella	 Mode	2	 1	 305	 1	

0.9

6	 0.78	 0.18	

paleoma

g;	fauna	 2	

excavat

ed	 2	

VallverdÌ¼,	Josep,	Palmira	SaladiÌ©,	Antonio	Rosas,	Rosa	Huguet,	Isabel	CÌÁceres,	Marina	Mosquera,	Antonio	Garcia-Tabernero,	et	al.	2014.	‰ÛÏAge	and	Date	for	Early	Arrival	of	the	Acheulian	in	Europe	(Barranc	de	La	Boella,	La	Canonja,	Spain).‰Û�	PLoS	ONE	9	(7):	9‰ÛÒ11.	

doi:10.1371/journal.pone.0103634.	

Europe	

Med	

West	 41.318005	 1.178764	

La	

Cansaladeta	 Mode	2	 0	 7575	 0	

0.3

9	 0.37	 0.02	

TL;	ESR;	

fauna	 1	

excavat

ed	 1	

OllÌ©,	Andreu,	Josep	Maria	VergÌ¬s,	XosÌ©	Pedro	RodrÌ_guez-Ì�lvarez,	Isabel	CÌÁceres,	Diego	E.	Angelucci,	Josep	VallverdÌ¼,	Martina	Demuro,	et	al.	2016.	‰ÛÏThe	Middle	Pleistocene	Site	of	La	Cansaladeta	(Tarragona,	Spain):	Stratigraphic	and	Archaeological	Succession.‰Û�	Quaternary	

International	393	(January):	137‰ÛÒ57.	doi:10.1016/j.quaint.2015.08.053.	

Europe	

Med	

West	 42.839253	 2.754197	

La	Caune	de	

l‰ÛªArago	 Mode	2	 0	 5293	 0	

0.6

9	 0.4	 0.29	

U-series;	

fauna	 1	

excavat

ed	 1	 Barsky,	Deborah.	2013.	‰ÛÏThe	Caune	de	l‰ÛªArago	Stone	Industries	in	Their	Stratigraphical	Context.‰Û�	Comptes	Rendus	Palevol	12	(5).	Academie	des	sciences:	305‰ÛÒ25.	doi:10.1016/j.crpv.2013.05.007.	

Europe	

Med	

West	 39.838819	 -0.799969	

Alto	de	las	

Picarazas	 Mode	1	 1	 7	 1	 1.5	 1	 0.5	 fauna	 4	

excavat

ed	 3	 Vicente	Gabarda,	M.,	R.	MartÌ_nez	Valle,	P.M.	Guillem	Calatayud,	P.	Garay	MartÌ_,	E.	Pueyo,	and	J.	CasabÌ_.	2016.	‰ÛÏThe	Lower	Palaeolithic	Site	Alto	de	Las	Picarazas	(Andilla-Chelva,	Valencia).‰Û�	Quaternary	International	393	(January):	83‰ÛÒ94.	doi:10.1016/j.quaint.2015.04.049.	

Europe	

Med	

West	 43.49403	 3.434854	

Bois-de-

Riquet	 Mode	1	 1	 13	 1	 1.4	 1.2	 0.2	

fauna;	

Ar/Ar	 2	

excavat

ed	 3	

Bourguignon,	Laurence,	Jean-Yves	Yves	Crochet,	Ramon	Capdevila,	JÌ©rÌ«me	Ivorra,	Pierre-Olivier	Olivier	Antoine,	Jordi	AgustÌ_,	Deborah	Barsky,	et	al.	2016.	‰ÛÏBois-de-Riquet	(LÌ©zignan-La-CÌ¬be,	HÌ©rault):	A	Late	Early	Pleistocene	Archeological	Occurrence	in	Southern	France.‰Û�	

Quaternary	International	393	(January):	24‰ÛÒ40.	doi:10.1016/j.quaint.2015.06.037.	

Europe	

North	

Central	 49.765884	 8.277189	

Dorn	

Durkheim	 Mode	1	 1	 3	 1	

0.7

8	 0.78	 0	

paleoma

g;	fauna	 3	

excavat

ed	 3	 Fiedler,	Lutz,	and	Jens	Lorenz	Franzen.	2002.	‰ÛÏArtefakte	Vom	Altpleistozaanen	Fundplatz	Dorn	Durkheim	3	Am	Noordlichen	Oberrhein.‰Û�	Germania	80:	421‰ÛÒ40.	

Europe	

North	

Central	 50.387062	 7.471775	

KÌ_rlich	A	

and	B	 Mode	1	 1	 10	 1	

0.7

8	 0.78	 0	

paleoma

g;	fauna	 3	

excavat

ed	 3	 Haidle,	Miriam	NoÌÇl,	and	Alfred	F.	Pawlik.	2010.	‰ÛÏThe	Earliest	Settlement	of	Germany:	Is	There	Anything	out	There?‰Û�	Quaternary	International	223‰ÛÒ224:	143‰ÛÒ53.	doi:10.1016/j.quaint.2010.02.009.	

Europe	

North	

Central	 50.387062	 7.471775	

KÌ_rlich	G	

and	H	 Mode	1	 1	 24	 1	

0.6

2	 0.45	 0.17	 Ar/Ar	 2	

excavat

ed	 3	 Haidle,	Miriam	NoÌÇl,	and	Alfred	F.	Pawlik.	2010.	‰ÛÏThe	Earliest	Settlement	of	Germany:	Is	There	Anything	out	There?‰Û�	Quaternary	International	223‰ÛÒ224:	143‰ÛÒ53.	doi:10.1016/j.quaint.2010.02.009.	

Europe	 North	 50.387062	 7.471775	 KÌ_rlich	 Mode	1	 0	 200	 0	 0.4	 0.27 0.12 Ar/Ar;	 2	 excavat 2	 Haidle,	Miriam	NoÌÇl,	and	Alfred	F.	Pawlik.	2010.	‰ÛÏThe	Earliest	Settlement	of	Germany:	Is	There	Anything	out	There?‰Û�	Quaternary	International	223‰ÛÒ224:	143‰ÛÒ53.	doi:10.1016/j.quaint.2010.02.009.	
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Central	 Seeufer	 5	 5	 fauna	 ed	

Europe	
North	
Central	 49.339292	 8.795518	 Mauer	 Mode	1	 0	 30	 0	 0.5	 0.5	 0	

ESR/U-
series	 1	

excavat
ed	 2	 Fiedler,	Lutz.	1995.	‰ÛÏQuelques	artefacts	de	Mauer,	site	de	la	mandibule	d‰ÛªHomo	erectus	Heidelbergensis.‰Û�	L‰Ûª	Anthropologie	99	(1).	Elsevier:	115‰ÛÒ19.	http://cat.inist.fr/?aModele=afficheN&cpsidt=3731044.	

Europe	
North	
Central	 50.406924	 7.426758	 Miesenheim	

flake	
industri
es	 0	 108	 0	 0.6	 0.5	 0.1	

Ar/Ar	
fauna	 3	

excavat
ed	 2	 Turner,	Elaine.	2000.	Miesenheim	I.	Excavations	at	a	Lower	Palaeolithic	Site	in	the	Central	Rhineland	of	Germany.	Mainz:	Verlag	des	RÌ¦misch-Germanischen	Zentralmuseums	in	Kommission	bei	dr.	Rudolf	Habelt	GMBH.	

Europe	
North	
Central	 49.190888	 16.675805	

StrÌÁnskÌÁ	
SkalÌÁ	 Mode	1	 0	 10	 0	

0.6
5	 0.5	 0.15	 fauna	 4	

excavat
ed	 3	

Valoch,	Karel.	1999.	‰ÛÏStrÌÁnskÌÁ	SkÌÁla,	Un	Site	CromÌ©riene	PrÌ¬s	de	Brno	(Moravie,	RÌ©publique	TchÌ¬que).‰Û�	In	Los	HomÌ_nidos	Y	Su	Entorno	En	El	Pleistoceno	Inferior	Y	Medio	de	Eurasie.	Actas	Del	Congreso	Internacional	de	PaleontologÌ_a	Humana,	Orce	1995,	edited	by	Josep	Gibert,	
Florentina	SÌÁnchez,	Luis	Gibert,	and	Francesc	Ribot,	451‰ÛÒ58.	Orce:	Museo	de	Prehistoria	y	PaleontologÌ_a	J.	Gilbert.	

Europe	
North	
East	 47.290696	 29.159693	 Krecheshi	 Mode	1	 0	 25	 1	 1	 0.78	 0.22	

geol;	
paleoma
g	 4	 surface	 3	

Anisyutkin,	M.	K.,	V.	M.	Stepanchuk,	and	A.	L.	Chepalyha.	2013.	‰ÛÏ___Ê_¥___¥_¬_¢_÷:	_�___Õ_¥	___Ý_Ó___Õ_�_�_Á_Â___¥	_Ï_	_Á___¥_Ñ_�_�_´___Ó_Ð_¥_�_�_ø	_Õ	_�_÷_Ð_�_Â___Ï_£	_Ù_Ê_÷_Ó_�_	_Á_¢_Ê___Õ‰Ûª_à	(_Ù___À_µ„Û_µ_«__„Ð	_Ó_¡__„Ð)	(Krecheshti:	New	

Oldowan	Site	in	the	Lower	Transdniestria	(Preliminary	Data)).‰Û�	_�„Û„É_µ___È____„Ð„�	4:	63‰ÛÒ71.	

Europe	
North	
East	 47.279637	 29.229194	 Bairaki	 Mode	1	 0	 40	 0	

0.8
6	 0.78	 0.08	 geol	 4	

excavat
ed	 3	 Anisyutkin,	N.K.,	S.I.	Kovalenko,	V.a.	Burlacu,	A.K.	Ocherednoi,	and	A.L.	Chepalyga.	2012.	‰ÛÏBairaki	‰ÛÒ	a	Lower	Paleolithic	Site	on	the	Lower	Dniester.‰Û�	Archaeology,	Ethnology	and	Anthropology	of	Eurasia	40	(1):	2‰ÛÒ10.	doi:10.1016/j.aeae.2012.05.002.	

Europe	
North	
East	 47.179658	 29.164454	 Pogreby	

flake	
industri
es	 0	 259	 0	

0.4
2	 0.3	 0.12	

fauna;	
geol	 4	 surface	 3	 Doronichev,	Vladimir	B.	2008.	‰ÛÏThe	Lower	Paleolithic	in	Eastern	Europe	and	the	Caucasus:	A	Reappraisal	of	the	Data	and	New	Approaches.‰Û�	PaleoAnthropology,	107‰ÛÒ57.	

Europe	
North	
East	 47.259402	 29.161627	 Dubossary	

flake	
industri
es	 0	 415	 0	

0.4
2	 0.3	 0.12	

fauna;	
geol	 4	 surface	 3	 Doronichev,	Vladimir	B.	2008.	‰ÛÏThe	Lower	Paleolithic	in	Eastern	Europe	and	the	Caucasus:	A	Reappraisal	of	the	Data	and	New	Approaches.‰Û�	PaleoAnthropology,	107‰ÛÒ57.	

Europe	
North	
East	 49.438533	 27.400261	 Medzhibozh	 Mode	1	 0	 40	 0	

0.4
2	 0.37	 0.05	 fauna	 4	

excavat
ed	 3	

Stepanchuk,	Vadim.	2009.	‰ÛÏMedzhibozh,	Ukraine:	Early	Middle	Pleistocene	Evidence	of	Human	Dispersal	at	the	East	European	Plain.‰Û�	In	The	Earliest	Human	MIgrations	in	Eurasia.	Proceedings	of	the	International	Symposium	(Makhachkala,	Dagestan	Republic,	Russia,	September	6-12,	
2009),	edited	by	Anatoli	P.	Derevianko	and	Michael	V	Shunkov,	291‰ÛÒ300.	Novosibirsk:	Institute	of	Archaeology	and	Ethnography	Press.	

Europe	
North	
East	 48.068412	 40.83585	

Khryashchy	
and	
Mikhailovsk
oe	

flake	
industri
es	 0	 280	 0	

0.2
5	 0.19	 0.06	 geol	 4	 surface	 3	 Doronichev,	Vladimir	B.	2008.	‰ÛÏThe	Lower	Paleolithic	in	Eastern	Europe	and	the	Caucasus:	A	Reappraisal	of	the	Data	and	New	Approaches.‰Û�	PaleoAnthropology,	107‰ÛÒ57.	

Europe	
North	
East	 45.3625	 37.105277	

Bogatyri-
Sinyay	Balka	 Mode	1	 0	 340	 1	 1.6	 1.1	 0.5	

geol;	
fauna;	
paleoma
g	 3	

excavat
ed	 2	

Shchelinsky,	V.E.,	a.E.	Dodonov,	V.S.	Baigusheva,	S.a.	Kulakov,	a.N.	Simakova,	a.S.	Tesakov,	and	V.V.	Titov.	2010.	‰ÛÏEarly	Palaeolithic	Sites	on	the	Taman	Peninsula	(Southern	Azov	Sea	Region,	Russia):	Bogatyri/Sinyaya	Balka	and	Rodniki.‰Û�	Quaternary	International	223‰ÛÒ224	(September).	
Elsevier	Ltd	and	INQUA:	28‰ÛÒ35.	doi:10.1016/j.quaint.2009.08.017.	

Europe	
North	
East	 45.3625	 37.105277	 Rodniki	1	 Mode	1	 0	 127	 1	 1.6	 1.4	 0.2	

geol;	
fauna		 3	

excavat
ed	 2	

Shchelinsky,	V.E.,	a.E.	Dodonov,	V.S.	Baigusheva,	S.a.	Kulakov,	a.N.	Simakova,	a.S.	Tesakov,	and	V.V.	Titov.	2010.	‰ÛÏEarly	Palaeolithic	Sites	on	the	Taman	Peninsula	(Southern	Azov	Sea	Region,	Russia):	Bogatyri/Sinyaya	Balka	and	Rodniki.‰Û�	Quaternary	International	223‰ÛÒ224	(September).	
Elsevier	Ltd	and	INQUA:	28‰ÛÒ35.	doi:10.1016/j.quaint.2009.08.017.	

Europe	
North	
East	 45.3625	 37.105277	 Kermek	 Mode	1	 0	 400	 1	 1.7	 1.7	 0	

geol;	
fauna;	
paleoma
g	 3	

excavat
ed	 2	

Shchelinsky,	V.E.,	M.	Gurova,	A.S.	Tesakov,	V.V.	Titov,	P.D.	Frolov,	and	A.N.	Simakova.	2016.	‰ÛÏThe	Early	Pleistocene	Site	of	Kermek	in	Western	Ciscaucasia	(Southern	Russia):	Stratigraphy,	Biotic	Record	and	Lithic	Industry	(Preliminary	Results).‰Û�	Quaternary	International	393	(January):	
51‰ÛÒ69.	doi:10.1016/j.quaint.2015.10.032.	

Europe	
North	
West	 52.824418	 1.531285	

Happisburgh	
3	 Mode	1	 0	 76	 0	

0.9
9	 0.78	 0.21	

mag;	
fauna	 2	

excavat
ed	 2	 Preece,	Richard	C.,	and	Simon	a.	Parfitt.	2012.	‰ÛÏThe	Early	and	Early	Middle	Pleistocene	Context	of	Human	Occupation	and	Lowland	Glaciation	in	Britain	and	Northern	Europe.‰Û�	Quaternary	International	271:	6‰ÛÒ28.	doi:10.1016/j.quaint.2012.04.018.	

Europe	
North	
West	 52.432979	 1.730024	 Pakefield	 Mode	1	 0	 32	 0	

0.7
5	 0.68	 0.07	

geol;	
paleoma
g;	fauna	 3	

excavat
ed	 3	 Parfitt,	Simon	A.,	RenÌ©	W.	Barendregt,	Marzia	Breda,	Ian	Candy,	Matthew	J.	Collins,	G.	Russell	Coope,	Paul	Durbidge,	et	al.	2005.	‰ÛÏThe	Earliest	Record	of	Human	Activity	in	Northern	Europe.‰Û�	Journal	Article.	Nature	438	(7070):	1008‰ÛÒ12.	doi:10.1038/nature04227.	

Europe	
North	
West	 52.824418	 1.531285	

Happisburgh	
1	 Mode	2	 0	 100	 0	 0.5	 0.5	 0	

geol,	
fauna	 3	

excavat
ed	 2	 Ashton,	Nick,	and	Simon	G.	Lewis.	2012.	‰ÛÏThe	Environmental	Contexts	of	Early	Human	Occupation	of	Northwest	Europe:	The	British	Lower	Palaeolithic	Record.‰Û�	Quaternary	International	271.	Elsevier:	50‰ÛÒ64.	doi:10.1016/j.quaint.2011.10.022.	
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Europe	
North	
West	 50.872804	 -0.692761	 Boxgrove	 Mode	2	 0	 10000	 0	 0.5	 0.5	 0	

geol;	
fauna	 1	

excavat
ed	 1	 Roberts,	Mark	B.,	and	Simon	A.	Parfitt.	1999.	Boxgrove.	A	Middle	Pleistocene	Hominid	Site	at	Eartham	Quarry,	Boxgrove,	West	Sussex.	London:	English	Heritage.	

Europe	
North	
West	 52.349089	 -0.55174	 High	Lodge	 Mode	2	 0	 1677	 0	 0.5	 0.5	 0	 geol	 2	

excavat
ed	 2	 Ashton,	Nick,	Jill	Cook,	Simon	G.	Lewis,	and	James	Rose.	1992.	1992.	High	Lodge:	Excavations	by	G.	de	G.	Sieveking,	1962-8,	and	J.	Cook,	1988.	London:	British	Museum	Press.	

Europe	
North	
West	 49.862282	 2.341156	

Cagny-la-
Garenne	 Mode	2	 0	 10000	 0	 0.5	 0.4	 0.1	

geol;	
fauna;	
ESR;	
U/Th	 1	

excavat
ed	 1	 Tuffreau,	Alain.	2012.	‰ÛÏLes	PremiÌ¬res	Industries	Lithiques	Dans	Le	Nord	de	La	France,	Reflet	Des	Premiers	Peuplements	Dans	Une	RÌ©gion	de	Haute	Latitude.‰Û�	Les	Nouvelles	de	L‰ÛªarchÌ©ologie	129:	36‰ÛÒ41.	doi:10.4000/nda.1847.	

Europe	
North	
West	 46.455085	 1.619746	

Pont-de-
Lavaud	 Mode	1	 0	 5000	 0	 1.1	 0.9	 0.2	 geol;	ESR	 2	

excavat
ed	 2	

DespriÌ©e,	Jackie,	Pierre	Voinchet,	HÌ©lÌ¬ne	Tissoux,	Jean-Jacques	Bahain,	Christophe	FalguÌ¬res,	Gilles	Courcimault,	Jean	DÌ©pont,	et	al.	2011.	‰ÛÏLower	and	Middle	Pleistocene	Human	Settlements	Recorded	in	Fluvial	Deposits	of	the	Middle	Loire	River	Basin,	Centre	Region,	France.‰Û�	
Quaternary	Science	Reviews	30	(11‰ÛÒ12).	Elsevier	Ltd:	1474‰ÛÒ85.	doi:10.1016/j.quascirev.2011.02.011.	

Europe	
North	
West	 46.935774	 2.272259	

la	Terre-des-
Sablons	 Mode	1	 0	 100	 0	 1.1	 0.93	 0.17	 geol;	ESR	 2	

excavat
ed	 2	

DespriÌ©e,	Jackie,	Pierre	Voinchet,	HÌ©lÌ¬ne	Tissoux,	Jean-Jacques	Bahain,	Christophe	FalguÌ¬res,	Gilles	Courcimault,	Jean	DÌ©pont,	et	al.	2011.	‰ÛÏLower	and	Middle	Pleistocene	Human	Settlements	Recorded	in	Fluvial	Deposits	of	the	Middle	Loire	River	Basin,	Centre	Region,	France.‰Û�	
Quaternary	Science	Reviews	30	(11‰ÛÒ12).	Elsevier	Ltd:	1474‰ÛÒ85.	doi:10.1016/j.quascirev.2011.02.011.	

Europe	
North	
West	 46.438727	 4.761244	 AzÌ©	Cave	

flake	
industri
es	 0	 299	 0	 0.4	 0.35	 0.05	 fauna	 3	

excavat
ed	 2	 Moncel,	Marie-HÌ©lÌ¬ne,	Claire	Gaillard,	and	Jean	Combier.	2001.	&ldquo;The	Lower	Palaeolithic	Industry	from	AzÌ©	Cave	(SaÌ«ne	et	Loire)	France:	A	Case	Study	of	an	Assemblage	without	Any	Handaxes.&rdquo;	Proceedings	of	the	Prehistory	Society	67:	175‰ÛÒ195.	

Europe	
North	
West	 47.174342	 2.1109	 La	Noira		 Mode	2	 0	 1000	 0	 0.7	 0.66	 0.04	

ESR;	
cosmoge
nic	dating	 1	

excavat
ed	 1	

Moncel,	Marie-HÌ©lÌ¬ne,	Jackie	DespriÌ©e,	Pierre	Voinchet,	Gilles	Courcimault,	Bruce	Hardy,	Jean-Jacques	Bahain,	Simon	Puaud,	Xavier	Gallet,	and	Christophe	FalguÌ¬res.	2016.	‰ÛÏThe	Acheulean	Workshop	of	La	Noira	(France,	700	Ka)	in	the	European	Technological	Context.‰Û�	Quaternary	
International	393	(January):	112‰ÛÒ36.	doi:10.1016/j.quaint.2015.04.051.	

Europe	
South	
East	 43.651859	 22.703133	

Kozarnika	
Cave	

flake	
industri
es	 0	 6600	 0	 1.6	 1.4	 0.2	

paleoma
g;	fauna	 3	

excavat
ed	 2	

Sirakov,	Nikolay,	Jean-Luc	L.	J.-L.	Guadelli,	Stefanka	Ivanova,	Svoboda	Sirakova,	Myriam	Boudadi-Maligne,	Irena	Dimitrova,	Philippe	Fernandez,	et	al.	2010.	‰ÛÏAn	Ancient	Continuous	Human	Presence	in	the	Balkans	and	the	Beginnings	of	Human	Settlement	in	Western	Eurasia:	A	Lower	
Pleistocene	Example	of	the	Lower	Palaeolithic	Levels	in	Kozarnika	Cave	(North-Western	Bulgaria).‰Û�	Quaternary	International	223‰ÛÒ224	(September).	Elsevier	Ltd	and	INQUA:	94‰ÛÒ106.	doi:10.1016/j.quaint.2010.02.023.	

Europe	
South	
East	 48.154498	 23.134786	 Korolevo	VII	 Mode	1	 0	 33	 1	 0.9	 0.78	 0.12	

paleoma
g;	fauna	 2	

excavat
ed	 3	 Koulakovska,	Larissa,	Vitaly	Usik,	and	Paul	Haesaerts.	2010.	&ldquo;Early	Paleolithic	of	Korolevo	Site	(Transcarpathia,	Ukraine).&rdquo;	Quaternary	International	223‰ÛÒ224:	116‰ÛÒ30.	doi:10.1016/j.quaint.2009.09.031.	

Europe	
South	
East	 48.154498	 23.134786	 Korolevo	VI	

flake	
industri
es	 0	 5000	 0	 0.5	 0.5	 0	

paleoma
g;	fauna	 3	

excavat
ed	 2	 Koulakovska,	Larissa,	Vitaly	Usik,	and	Paul	Haesaerts.	2010.	&ldquo;Early	Paleolithic	of	Korolevo	Site	(Transcarpathia,	Ukraine).&rdquo;	Quaternary	International	223‰ÛÒ224:	116‰ÛÒ30.	doi:10.1016/j.quaint.2009.09.031.	

Europe	
South	
West	 44.973256	 4.118339	 Soleilhac	 Mode	1	 0	 446	 0	 0.6	 0.5	 0.1	

Ar/Ar,	TL,	
fauna	 3	

excavat
ed	 2	

Bracco,	Jean-Pierre.	1991.	‰ÛÏTypologie,	Technologie	et	MatiÌ¬res	PremiÌ¬res	Des	Industries	Du	TrÌ¬s	Ancien	PalÌ©olithique	En	Velay	(Massif-Central,	France).	Premiers	RÌ©sultats.‰Û�	In	Les	Premiers	EuropÌ©ens.	Actes	Du	114e	CongrÌ¬s	National	Des	SociÌ©tÌ©s	Savantes	(Paris,	30-9	Avril	
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Pseudocode. Movius Line Case Study 
 

For each timestep, t:  

Determine the friction map to be used in the time step  

For each cell, c: 

Do Migration:  

Determine number of cells agents can disperse to (non-water cells), Cd 

Calculate the number of migrants, Mc  

Divide Mc by the number of cells available for dispersals 

Update Nt+1 of the available neighbouring cells with Mc /Cd 

For each cell, c: Do Growth: 

Calculate population growth according to Eq. 2  

Update Nt+1  

If higher than cc, cap Nt+1 to the carrying capacity of the cell 
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Pseudocode. Variability Case Study 

 

For	each	timestep,	t: 

	 For	each	cell,	c: 

	 	 Do	Growth: 

	 	 	 For	each	type	of	individual,	x: 

	 	 	 	 Calculate	a	score	for	x	according	to	Eqs	4-9 

	 	 	 For	each	individual,	i: 

	 	 	 	 Calculate	their	score	based	on	their	type	x	 

Add	their	score	s	to	the	roulette	wheel: 

	 	 	 Calculate	how	many	people	total,	Nt+1,	we	need	for	the	next	timestep 

	 	 	 Spin	roulette	wheel	Nt+1	 

	 	 	 	 Add	a	new	person	to	the	list	of	children	in	cell	c 

	 For	each	cell,	c: 

	 	 Do	Migrate: 

	 	 	 For	each	child,	i,	in	the	list: 

	 	 	 	 Calculate	their	fitness	based	on	their	type	x	according	to	Eqs	4-9 

	 	 	 	 Allocate	them	a	score	representing	their	probability	of	migration,	Pm,	

depending	on	their	fitness	and/or	pop	density	 

(m	between	zero	and	1) 

	 	 	 	 	 Option	1:	Pm	=	m	*	(1-fitness) 

	 	 	 	 	 Option	2:	Pm	=	m	*	(1-fitness)	*	N/CC 

	 	 	 	 	 Option	3:	Pm	=	m	*	N/CC 

	 	 	 	 Compare	a	random	number	to	Pm 

	 	 	 	 If	lower	(agent	migrates): 

	 	 	 	 	 Calculate	agent’s	fitness	for	each	adjacent	cell 
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	 	 	 	 	 Allocate	each	cell	a	score,	Cf,	depending	on	their	fitness 

	 	 	 	 	 	 Option	1:	Cf	=	fitness 

	 	 	 	 	 	 Option	2:	Cf	=	fitness	*	(1-(N/CC)) 

	 	 	 	 	 	 Option	3:	Cf	=	1-(N/CC) 

	 	 	 	 	 Pick	the	cell	with	the	highest	score	(split	ties	randomly) 

	 	 	 	 	 Move	agent	to	the	chosen	cell 
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Movius Line null scenario
The Movius Line case study null scenario has been run to provide a benchmark for all subsequent
experiments and reported results. The null scenario is characterised by:

the simplified growth equation (same as in the 'disease scenario' and the 'straits scenario';
no changes to the underlying map throughout the simulation. That is, instead of a sequence of
maps only one is used;
no environmental zones - the values used to parametrise the simulation (carrying capacity,
population growth rate and diffusion rate) are the same for all environemental zones (except for
the non-accessible 'water/ice'). Thus in the simulation the world (the friction map) looks like the
following:

In [6]:

from IPython.display import Image
Image(filename='/Users/iar1g09/Downloads/map.png')

Please note that in the visualisation, the undrlying image has been maintained so the existing
environmental zones are still visible in the figures even if they have no impact on the simulaiton results.

Thus, the dispersal should have a smooth circular distribution equal in all directions (see Model 1
(“homogeneous”), in Callegari et al. 2013). This shape should only be disturbed along the coasts and
should repeatedly reoccure after any geographical bottlenect (e.g., the landbridge out of Africa via the
Levant).

The results show, as expected, that the dispersal wave is roughly circular in shape.

Out[6]:



In [9]:

Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/final/Modelling-Hominin-Dispers
als-Using-Agent-based-Modelling/code and pseudocode/Chapter4_Movius/results/fu
ll_run.png')

In [10]:

Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/final/Modelling-Hominin-Dispers
als-Using-Agent-based-Modelling/code and pseudocode/Chapter4_Movius/results/0.
png')

In more details, one can see that the circular shape emerges at the start point (time 510) and after each
bottleneck: at the Sinai Peninsual landbridge (time 390-370), when entering Europe, crossing over to
Central Asia south of the Caspian Sea and towards north between the Caspian and the Black Sea (time
310-290).

The only results pertinent where the spatial shape of the dispersal wave (in the x, y dimensions, that is,
it's geographical extend in cardinal directions) may be of importance is the 'straits scenario'. In all other
cases what has been reported are the changes in the demographic structure and population levels (i.e.,
the z or vertical dimension of the front of the dispersal wave).

Out[9]:

Out[10]:



In [12]:

Image(filename='/Users/iar1g09/Downloads/spatial structure.png')

The following two figures show the straits scenario run on the null model. Similarly to the results reported
in the thesis, the opening and closing of the straits has limited impact on the final extent of the dispersal
wave.

Straits closed

In [13]:

Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/final/Modelling-Hominin-Dispers
als-Using-Agent-based-Modelling/code and pseudocode/Chapter4_Movius/results/st
raits.png')

Out[12]:

Out[13]:



Straits open

In [14]:

Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/final/Modelling-Hominin-Dispers
als-Using-Agent-based-Modelling/code and pseudocode/Chapter4_Movius/results/no
_straits.png')

There are some small differences compared to the results reported in the thesis, namely, a slightly earlier
arrival in western Europe (by about 20ka within a 2Ma long simulated period; compare Time 270 in both
figures). However, this is caused by the removal of environmental zones - in this case, the large area of
desert would have slowed down the population. This had little impact on the reported results since what
was compared was the difference between runs with and without the straits accass while the
environmental zones (as well as their changes) have been the same for all scenarios.

Out[14]:



Figures algorithm
This notebook details the procedure undertaken to produce figures presented in the first part of the
results section of the chapter.

The base figure comes from Grove (2011, p.311, fig.3). The original version looks like this:

In [1]:

from IPython.display import Image
Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/case_studies/variability_case_s
tudy/notebooks/images/Grove2011.png')

To make the graph clearer the lines were coloured using graphic software.

Out[1]:



In [5]:

Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/case_studies/variability_case_s
tudy/notebooks/images/clean_graph.png')

The results were visualised using a scatter plot function of matplotlib (see Appendix xxx.Code and
pseudocode). Since the size of the axis was known, the images were generated maintaining the same
proportion and size. This his how the results looked like:

Out[5]:



In [6]:

Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/case_studies/variability_case_s
tudy/notebooks/images/replication.png')

The two were ther manually overlayed using the border as a guide. Additional elements were added in
the graphic software resulting in the following figure:

Out[6]:



In [7]:

Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/case_studies/variability_case_s
tudy/notebooks/images/Replication_full.png')

In [ ]:

 

Out[7]:



The Migration function

The general form of the logistic function

L - the maximum (in our case 1)

k - the steepness of the curve (the sign flips it, more below)

x0 - the midpoint of the curve - if the range is symmetrical towards 0 then it's dropped

This is a coded and plotted version:

In [2]:

from __future__ import division

import math
import matplotlib.pyplot as plt 
import numpy as np
import pandas as pd
pd.options.display.mpl_style = 'default'
%matplotlib inline

f (x) = , whereL
1 + e−k(x− )x0

/Users/iar1g09/anaconda/lib/python2.7/site-packages/matplotlib/__i
nit__.py:892: UserWarning: axes.color_cycle is deprecated and repl
aced with axes.prop_cycle; please use the latter.
  warnings.warn(self.msg_depr % (key, alt_key))
/Users/iar1g09/anaconda/lib/python2.7/site-packages/matplotlib/__i
nit__.py:872: UserWarning: axes.color_cycle is deprecated and repl
aced with axes.prop_cycle; please use the latter.
  warnings.warn(self.msg_depr % (key, alt_key))



In [3]:

for k in range(-5, 6, 2):  

    log_fig = plt.figure(1, figsize = (14, 4))
    plt.plot(map(lambda x : 1 / (1 + math.e**(k*x)), [x / 10.0 for x in range(
-10, 11, 1)]), label = k, linewidth = 2)

    plt.legend(bbox_to_anchor=(0.95, 1), loc=2, title = "value of k")
#plt.tick_params(labelbottom='off')

Plugging the fitness values - range between 0-1, k is set to 5

In [4]:

k = 5
plt.plot(map(lambda x : 1 / (1 + math.e**((k)*(x-0.5))), [x / 10.0 for x in ra
nge(0, 10, 1)]), label = x, linewidth = 2)
plt.tick_params(labelbottom='off')

The lower the fitness the higher the chance of migrating. We can also swap it over by changing the sign
of k.



In [5]:

k = -5
plt.plot(map(lambda x : 1 / (1 + math.e**((k)*(x-0.5))), [x / 10.0 for x in ra
nge(0, 10, 1)]), label = x, linewidth = 2)
plt.tick_params(labelbottom='off')

Population density

Now adding the population density component. The more people the higher chance of migrating in
general.



In [6]:

cc = 100
k = 5
for people in range(0, 100, 10):       
    plt.plot(map(lambda x : (people/ cc) * (1 / (1 + math.e**(k*x))), [x / 10.
0 for x in range(0, 10, 1)]), label = people, linewidth = 2)
plt.tick_params(labelbottom='off')
plt.legend(bbox_to_anchor=(0.95, 1), loc=2, title = "population density %")   

An additional term can be used for experiments in which we vary the migration rate (the y-axis shows the
difference).

Out[6]:

<matplotlib.legend.Legend at 0x10a705dd0>



In [7]:

cc = 100
k = 5
mig_const = 0.5 #halving the migration rate
for people in range(0, 100, 10):       
    plt.plot(map(lambda x : mig_const * (people/ cc) * (1 / (1 + math.e**(k*x)
)), [x / 10.0 for x in range(0, 10, 1)]), label = people, linewidth = 2)
plt.tick_params(labelbottom='off')
plt.legend(bbox_to_anchor=(0.95, 1), loc=2, title = "population density %")   

Considering individual fitness in respect to the average fitness

f(i) - fitness of an individual i

f dash - average fitness in the population

with a positive value for the k parameter (e.g., k=5):

very negative x values (i.e., below average fitness) will give migration probabilities that get close
to m x N/C
very positive x values (i.e., above average fitness) will give migration probabilities that get close
to 0 (but never get to zero)
zero x values (i.e., exactly average fitness) will give migration probabilities of m x N/C x 0.5

x = , where
−fi f̄
f̄

Out[7]:

<matplotlib.legend.Legend at 0x1087daf50>



In [8]:

people = 50
cc = 100
k = 5

# test 10 values of fitness from 0.0 to 1.0 every 0.1
fitnesses = [x / 10.0 for x in range(0, 11, 1)]

# mean fitness  (= 0.5)
m_fitness = reduce(lambda x, y: x + y, fitnesses) / len(fitnesses)
# migration constant of 1
mig_const = 1 
a = []
b = []
c = []

for fitness_value in fitnesses: 
    x = (fitness_value - m_fitness) / m_fitness
    a.append(mig_const * (people/ cc) * (1 / (1 + math.e**(k*(x)))))
    b.append(mig_const * (people / cc) * 0.5)
    c.append(mig_const * (people / cc))

plt.plot(a, label = 'fitness')
plt.plot(b, label = 'mig_const * N / cc * 0.5')
plt.plot(c, label = 'mig_const * N / cc', color = 'red')
plt.ylim([0.0, 0.6])
plt.legend(bbox_to_anchor=(0.95, 1), loc=2) 

Flipped over

Out[8]:

<matplotlib.legend.Legend at 0x10aa038d0>



with a negative value for the k parameter e.g., k=-5)

very negative x values (i.e., below average fitness) will give migration probabilities that get close
to 0 (but never get to zero)
very positive x values (i.e., above average fitness) will give migration probabilities that get close
to m * N/C
zero x values (i.e., exactly average fitness) will give migration probabilities of m N/C 1/2

In [11]:

people = 50
cc = 100
k = -5

# test 10 values of fitness from 0.0 to 1.0 every 0.1
fitnesses = [x / 10.0 for x in range(0, 11, 1)]

# mean fitness  (= 0.5)
m_fitness = reduce(lambda x, y: x + y, fitnesses) / len(fitnesses)

# migration constant of 1
mig_const = 1 
a = []
b = []
c = []

for fitness_value in fitnesses: 
    x = (fitness_value - m_fitness) / m_fitness
    a.append(mig_const * (people / cc) * (1 / (1 + math.e**(k*(x)))))
    b.append(mig_const * (people / cc) * 0.5)
    c.append(mig_const * (people / cc))
    
plt.plot(a, label = 'fitness')
plt.plot(b, label = '1/2 max: m * N / C * 0.5')
plt.plot(c, label = 'max: m * N / C', color = 'red')
plt.ylim([0.0, 0.6])
plt.legend(bbox_to_anchor=(0.95, 1), loc=2) 



Finally for k = 0

with k set to 0

all individuals will have an "average" migration probability = m x N/C x 0.5 irrespective of their
fitness

Out[11]:

<matplotlib.legend.Legend at 0x10b0a1550>



In [63]:

people = 50
cc = 100
k = 0

# test 10 values of fitness from 0.0 to 1.0 every 0.1
fitnesses = [x / 10.0 for x in range(0, 11, 1)]

# mean fitness  (= 0.5)
m_fitness = reduce(lambda x, y: x + y, fitnesses) / len(fitnesses)

# migration constant of 0.1
mig_const = 1 
a = []
b = []
c = []

for fitness_value in fitnesses: 
    x = (fitness_value - m_fitness) / m_fitness
    a.append(mig_const * (people / cc) * (1 / (1 + math.e**(k*(x)))))
    b.append(mig_const * (people / cc) * 0.5)
    c.append(mig_const * (people / cc))
    
plt.plot(a, label = 'fitness', linewidth = 2)
plt.plot(b, label = 'm * N / C * 0.5', color = 'red')
plt.plot(c, label = 'm * N / C')
plt.ylim([0.0, 0.6])
plt.legend(bbox_to_anchor=(0.95, 1), loc=2) 

Out[63]:

<matplotlib.legend.Legend at 0x13d61ef0>



Testing the 1st set of experiments

In [2]:

from IPython.display import Image

Tasks:

1. Check the experiments with migration: 2b and 2c
2. Unravel why the migration decreases time to fixation

Check on the migration experiments

The migration graph looked suspecious as some of the settings did not produce even one successful (i.e.
versatilist fixating) run. So the whole set was re-run to make sure there was no error in the setup of the
experiments. In addition, in Experiment 2c (pop growth + migration ON) two elements change 1. the
population growth is switched on and 2. the initial population size is set to 1/10th of the cc, i.e., 1 000. To
ensure only one variable is changed at each time, it was run with a starting population of 1 000 and then
again with a starting population of 10 000. There was no significant difference between the results.

Experiment 2b

First, the migration is switched on but there is no population growth (the population starts on the cc level
and at every time step it is topped up to that level).

Population growth Migration Initial Pop size

NO YES 10 000

In [7]:

from IPython.display import Image
from IPython.display import display
x = Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/case_studies/variability_ca
se_study/mig_on.png') 
y = Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/case_studies/variability_ca
se_study/mig_check.png') 
display(x, y)



Experiment 2c

Then, we re-run the experiment with both migration and population growth switched on with an initial
pop size = 1000.

Population growth Migration Initial Pop size

YES YES 1 000



In [6]:

x = Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/case_studies/variability_ca
se_study/both_on.png') 
y = Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/case_studies/variability_ca
se_study/both_on_check.png') 
display(x, y)

Experiment 2c - modified



Then we run the experiments with both population growth and migartion switched on but with a starting
population of 10 000.

Population growth Migration Initial Pop size

YES YES 10 000

In [9]:

x = Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/case_studies/variability_ca
se_study/both_on.png') 
y = Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/case_studies/variability_ca
se_study/both_check_start10k.png') 
display(x, y)



There is a difference between the original experiment (start on 1000) but it's not significant.

Unravelling the faster rate of fixation for versatilists gene if
migration is on

In all the subsequent experiments population growth and migration are both on. What we are interested
in is:

Why is the versatilists fixating faster if the migration is switched on?

The dominant hypothesis is that as we switch the migration on, more specialists migrate (because some
of them are at the bottom of the pile), leaving more space in the original cell, which increases the
chances of the versatilists to produce more descendants. In short migration helps agents of suboptimal
fitness because it weakens the winners and removes the loosers faster so that it takes them more time to
climb up and less time to loose ground when the conditions change.

To test the above:

1. k was flipped to -k
2. a flatline scenario was run

Test one: the logistic curve used to determine migration probability
flipped



k = -5 as opposed to k = 5 in the original experiment). Now the agents with the highest fitness are the
most likely to migrate. The specialists are symetrical (i.e., it doesn't matter if it's a hot or cold specialist -
one of them will be at the top of their fitness curve while the other one will be at the bottom). Thus, if we
are correct this change should produce no significant differences in the results.

In [12]:

Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/case_studies/variability_case_s
tudy/both_on_flipped_comp.png') 

The results are virtually the same. This indicates that the migration weakens specialists, giving more
space to sub-optimally adapted individuals (agents with lower fitness), therefore increasing the level of
diversity in the population.

Test two: random agents migrate, but still the same no of migrants

Finally, to test it even further we have drawn the migration and the stay-put populations at random. We
expect that migration should still increase the diversity but this time it will have lesser effect as the
specialists are not particularly picked on.

Out[12]:



In [14]:

Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/case_studies/variability_case_s
tudy/both_on_flatline(random_migration).png') 

Migration is still doing it's job of weakining whoever is the dominant gene at the time but less well -
hence the results are closer to the 'original' (the replication) base scenario.

In [ ]:

 

Out[14]:



Analysing and visualising who's dispersing and when

This concerns the 1st set of experiments - the zero dimensional runs. The question is who is most likely
to disperse and how does it differ throughout a sine cycle. So how do we measure this? One possibility
would be to calculate the absolute numbers of genes in the migrant wave (so, the migrant wave is
composed of, say, 30% hot, 30% cold and 40% versatilist). Another would be to look at what proportion
of the gene migrates (so, at each check point, say, 20% of hot, 10 % of cold and 70% of versatilist
genes present in the population migrated).

I have rerun the simulation (50 seeds) but this time collecting data every 10 time steps (the base run
collected them every 100 steps). Collecting every 100 means we'd only pick the signal at the beginning
of a full environmental cycle (the cycle is 50 steps). I thought it may bias the results but actually it made
no difference.

In [1]:

from IPython.display import Image

Absolute numbers

The graph below shows the composition of the dispersing wave broken down by gene type (hot, cold,
vers). The y-axis shows the percentage of each gene among the dispering front, the x-axis shows
different levels of environmental fluctuations (low numbers - high level of fluctuations, high numbers - low
level of fluctuations). There is a large gap between the specialists in scenarios with high level of
temperature fluctuations - this is because these runs are much shorter (they go in tens or low hundreds
rather than thousends) so the intial conditions (we start with a hot regime) play a much higer role (the hot
specialist gain an advantage early on but the run ends before this is offset).



In [5]:

Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/case_studies/variability_case_s
tudy/whosDispersing1.png')

To even it out, I plotted both specialists as one line (using the mean of their values). Either way, the
versatilists are at the forefront of the dispersal. (Note that the lines are symmetrical - this is a good sign
because, in principle, they need to add up to 1).

Out[5]:



In [3]:

Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/case_studies/variability_case_s
tudy/whosDispersing.png')

Relative numbers

Now, this is the same data, but what we plot here is 'what percentage of the entire population of a given
type migrates?' So if there are, e.g., 10 versatilists what percentage of these 10 versatilists migrates.

Out[3]:



In [9]:

Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/case_studies/variability_case_s
tudy/whosDispersing_relative1.png')

Proportionally the specialists send more migrants away. I think this is because they reach much lower
and much higher in their fitness so when the conditions change the effect can be much stronger on a
larger number of agents. The initial conditions are again playing up here a bit - as it evens out for longer
runs and in the cold specialist, which has the most difficult start, is particularly badly affected.

Below, we take an average of the specialist values.

Out[9]:



In [10]:

Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/case_studies/variability_case_s
tudy/whosDispersing_relative.png')

In [ ]:

 

Out[10]:



In [2]:

from IPython.display import Image

Who's dispersing and when

To see how the dispersal wave changes over a course of one run we scaled down on the variables
plotted:

middle value of the fitness booster
all values for the environmental fluctuations

POPULATION CHANGES

In [1]:

from IPython.display import Image
Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/case_studies/variability_case_s
tudy/change_pop_all.png')

MIGRATION CHANGES IN THE DISPERSING WAVE

This scenario is set up in such a way that the probability of migrating is inversly correlated with the
fitness. That is the weakest agents migrate.

Out[1]:



In [4]:

Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/case_studies/variability_case_s
tudy/change_migr_all_k5.png')

Let's zoom in. This is a graph of the migration during moderately strong environmental fluctuations.

In [5]:

Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/case_studies/variability_case_s
tudy/change_migr0.85.png')

It obviously closely mirrors the population graph. Although there are some differences in the shape when
you look at the transition periods.

Out[4]:

Out[5]:



In [6]:
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tudy/change_pop0.85.png')

This scenario is set up in such a way that the probability of migrating is directly correlated with the
fitness. That is the strongest agents migrate.
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tudy/change_migr_all_k-5.png')

This scenario is set up in such a way that the probability of migrating is NOT correlated with the fitness.
That is the random agents migrate.
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tudy/change_migr_all_random.png')

MIGRATION: CHANGES IN THE DISPERSING WAVE AS A PROPORTION OF
POPULATION

Now let's look at the relative migration. So, what proportion of the population with a given gene
migrated.

1. weakest agents migrate.
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Image(filename='/Users/iar1g09/Dropbox/IZA/PHD/case_studies/variability_case_s
tudy/change_relative_all_k5.png')

And let's zoom in.
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tudy/change_relative_all_k5_cropped.png')

2. strongest agents migrate.
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tudy/change_relative_all_k-5.png')
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3. random agents migrate.
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tudy/change_relative_all_random.png')
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from IPython.display import Image

Which types are over- and underrespresented in the migration
wave

This is a plot of for each type: frequency_migrants / frequency_population. So values higher than 1
indicate that they type of gene is overrepresented in the dispersal wave. When averaged over the full
period of one run, the specialists migrate more.
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Or just summarised (specialists grouped together). The x-axis is the amplitude of the environmental
fluctuations. Higer values (like 0.95) indicate LOWER amplitude (that's why the runs take longer).
However, the high amplitude runs (alpha = 0.60, 0.65) are also much shorter and there are less runs that
fixated so it's less robust.
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tudy/WhosDispersing1_diff_MigByPop.png')

Now let's look at the same thing but over the period of the run.

First, which type of genes is over- and under- represented changes with the environmental fluctuations.
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tudy/diff_migr_allQuarter_k5_sine.png')

Now, let's zoom in properly. These figures show ONLY the first 25% of the simulation. Plus I also added a
sine curve (in purple) to visualise where exactly things happen.
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tudy/diff_migr_firstQuarter_k5_sine_cropped.png')

So it looks like the versatilist gene goes overrepresented at the end of an environmental fluctuation and
then drops drammatically at the beginning of the next environmental change. The specialist have simular
pattern but much less pronounced.

All of this changes further down the road when versatilists become established in the population. These
graphs show the 3rd quarter of the runs (from 50%-75% of the total time - the last 25% is not that
helpful because there're 2-3 outlier runs where one of the specialists does not die for a long time).
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tudy/diff_migr_3rdQuarter_k5_sine_cropped.png')

It looks like the versatilist gene becomes very stable so the population pumps a steady proportion into
the dispersal wave. This is also the case for low emplitude of the environmental fluctuations - you can
see that for settings with alpha 0.90 (low fluctuations) the graph is generally flatter than for 0.70 (higher
fluctuations).

I have also checked what happens when the log curve we use to determine the probability of migration is
steeper (k = 10 instead of k =5). Not much happens in fact; everything is a bit more extreme. I guess
everyone is affected in a similar fashion.
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In general it makes very little difference to the overal results.
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Barrier experiments
The research question: Does the composition of the population becomes affected if the dispersal
wave comes accross a barrier? A barrier is defined as an area inhospitable for hominins because they
are not adapted to it.

So far we tried to:

Compare the population before and after the barrier immediately after it is crossed.

There is no significant difference

Compare the population before and after the barrier throughout the run. The run stops when the
end of the world (10 cells further on) is reached.

There is no significant difference

See if there is a difference in the versatilist's time to fixation on the final cell of the world
between runs with and without a barrier.

There is no significant difference

Compare the population before and after the barrier throughout the run. The run stops when the
versatilist fixates in the last cell.

There is no significant difference

Compare the population on the first cell (this cell is never 'dispersed into) and after the barrier
throughout the run. The run stops when the agents reach the last cell.

There is no significant difference

Compare the population on the first cell and after the barrier for a larger barrier (3 instead of 1
cell). The run stops when the agents reach the last cell.

There is no significant difference

Compare the population on the first cell and after the barrier for a larger world (100 cells) and
larger barrier (10 instead of 1 cell). The run stops when the agents reach the last cell.

There is no significant difference

Difference in the versatilist's time to fixation on the final cell of the world.
Plotted: runs with a barrier and runs without barrier
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Population before and after the barrier throughout the run. The run stops
when the versatilist fixates in the last cell.

100 seeds run. We display the distribution of frequencies of each gene pre-barrier minus post-barrier. So
values around 0 mean no change.

First, with no barrier.
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tudy/around_barrier_allNoBarboxplot.png')
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Then with a barrier.
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Population on the first cell and after the barrier throughout the run. The run
stops when the agents reach the last cell.
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Larger barrier - 3 cells instead of 1.
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This is the only one that seem to have a tiny bit of a pattern. Most of the medians are over the zero line
but nothing to be writing home about. So I extended the world hoping for a stronger effect.
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Larger world - 100 cells incl. 10 barrier cells at the beginning.
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For the piece of mind I checked if the migration on its own does anything. This is population on the 1st
cell compared to the population on a cell BEFORE the barrier.
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from IPython.display import Image

2 Dimensional scenarios - dispersing over a chain of cells

In this experiment we check the sensitivity of the model to the initial conditions. The sine curve
representing the fluctuating environmental conditions can impose significant bias in short runs. Thus the
simulation was started at different places on the sine curve. The full cycle is completed in 50 steps, the
numbers indicate the starting time out of the 50.

This is where we disperse the population along a chain of cells (2D scenarios), the middle of which is a
'barrier' cell, i.e., it has cc of 1/10th of the other cells. We then record the composition of the population
before and after the barrier cell.

In all cases the pattern look completely random.
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When broken down to each gene, it doesn't look any better. This is an example (start time 31 from a
range of 0-50).
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Conclusion: given the current experiment design no significant
trends have been detected.
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